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Abstract

The paper studies the effects of trend growth and employment uncertainty
on the long-run Phillips curve. It shows that employment uncertainty leads to
a more favorable long-run tradeoff between inflation and output—steady state
output increases with trend inflation for low to moderate rates of inflation. It
also shows that trend growth may lead to a more favorable long-run tradeoff
between inflation and output if consumption and work are complementary in
household utility.

JEL Classification:

Keywords: trend growth, employment uncertainty, nominal and real rigidities, long-
run Phillips curve.

1 Introduction

The evidence concerning the long-run Phillips curve, which relates steady-state out-
put to trend inflation, is mixed and heavily colored by theoretical preconceptions.
Mankiw (2001) wrote that “if one does not approach the data with a prior favoring
long-run neutrality, one would not leave the data with that posterior. The data’s
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best guess is that monetary shocks leave permanent scars on the economy.” Still, it
is well known that in New Keynesian models with nominal rigidities, the long-run
Phillips curve is downward sloping, except for inflation rates near zero. That is,
higher trend inflation is associated with lower steady-state output (see e.g., King
and Watson (1996), Ascari (2004), Graham and Snower (2004) and Yun (2005)).
The explanation for this result is that a high enough positive trend inflation in-
creases the average markup in the economy, reducing output demand and in turn
output. Furthermore, under price (wage) staggering high enough trend inflation
exacerbates the distortionary effect of price (wage) dispersion on output.

This paper reexamines the nature of the long-run Phillips curve by incorporating
two important features into the New Keynesian model, namely, trend growth and
employment uncertainty. It then shows that, owing to these two features, the long-
run Phillips curve is upward sloping for trend inflation significantly larger than zero
(in particular for empirically relevant inflation rates).

Our analysis shares the following conceptual building blocks: (i) general equilibrium
analysis with microfoundations based on intertemporal optimization, (ii) rational
expectations, (iii) no money illusion, (iv) imperfect competition, and (v) tempo-
rary nominal rigidities. However, the introduction of employment uncertainty (a
real rigidity) in the analysis of the long-run Phillips curve is novel. Employment
uncertainty is shown to have an important effect on the wage setting decision of
households—the higher is employment uncertainty the less likely it becomes that
households will receive the currently set wages that are to accrue in the future.
Thus, when setting wages, households attach less weight to future remuneration
when there is employment uncertainty. If one proxies employment uncertainty by
the average quarterly unemployment rate, which in the euroarea has exceeded 10
percent for much of the past two decade. The introduction of trend growth is sim-
ilar to Amano (2009) but our model allows for potential non-separable utility in
household preferences, in line with some recent empirical evidence on the consump-
tion Euler equation, in which parameter restrictions are imposed consistent with
balanced growth facts (see e.g., Basu and Kimball (2002) and Kiley (2007)).

In incorporating trend growth into a New Keynesian model, we use insights from
the literature on balanced growth and business cycles (e.g., King, Plosser and
Rebelo (1988a,b)) as well as the literature on long-run labor supply and consumption
Euler equation (e.g., Basu and Kimball (2002), Kiley (2007)) to make sure that the
business cycle model has implications that are consistent with balanced growth facts.

We provide an intuitive explanation for the non-monotonic nature of the long-run
Phillips curve by identifying several channels that imping on it, some positive and
some negative. The model has both price and wage staggering, and while employ-
ment uncertainty affects wage setting, trend growth affects both wage and price



setting.

A positive tradeoff between inflation and output rests on the following effects:

1. When setting wages, workers discount the future more heavily due to employ-
ment uncertainty.

2. When setting prices, firms discount the future more heavily due to declining
marginal utility from consumption on account of growth.

A negative tradeoff between inflation and output arises on the following effects:

1. The greater the rate of inflation, the greater is the instability of prices and
wages (i.e. relative wages and prices are more variable at higher rates of
inflation).

2. But the instability of wages is mitigated through the complementarity between
consumption and employment.

In short, the slope of the Phillips curve depends on the relative strengths of the
positive and negative effects. The negative effects depend on the magnitude of
inflation (i.e. the higher the rate of inflation, the larger are the negative effects).
But the positive effects do not depend on the magnitude of inflation. It follows that,
at low inflation rates, the positive effects dominate, whereas at higher inflation rates
the negative effects dominate. We would like to remark that the nature of the long-
run Phillips curve is an empirical matter, and its investigation clearly lies beyond
the scope of this theoretical paper. All we do here is to derive a Phillips curve in
the presence of trend growth and employment uncertainty and calibrate the results.
In particular, Section 2 constructs a basic model with trend growth but without
employment uncertainty. Then Section 4 extends this model to allow for employment
uncertainty and Section 5 checks the robustness of the main results when partial
wage and price indexation is allowed. Finally, Section 6 gives concluding summary.

2 Model with growth

The model features Calvo nominal wage and price rigidities, where in any give pe-
riod a fraction of households (firms) can not reset their wages (prices) optimally. In
order to keep the model as simple as possible, we assume labor to be the only input
in the production function. Furthermore, productivity follows a deterministic trend.
The model has the property that, in the presence of productivity growth and in a



balanced growth path aggregate output, consumption, real wages grow at the same
rate as productivity, while employment is constant.

2.1 Households

We start by specifying household utility, defined over consumption C; and hours
worked N;, under balanced growth. As is shown by King, Plosser and Rebelo
(1988a,b), for a business cycle model to be consistent with balanced steady state
growth (and constancy of the great-ratios)!, household utility must be of the form

CLoV(N,)

U(Ct,Nt) = (1 —0) )

o>0 (1)

The utility function may be potentially non-separable in both arguments.? Con-
sistent with available empirical estimates (see for e.g., Basu and Kimball (2002),
Kiley (2007) and Guerron-Quintana (2008)) and recent theoretical analyses (e.g.,
Monacelli and Perotti Monacelli and Perotti (2009) and Bilbiie (2009)) we assume
Ucnx > 0.2 In order to ensure concavity of V(N), v/(N) > 0 is required. The
specific functional form of V' (1V;) is such that the elasticity of intertemporal substi-
tution in consumption (holding N constant) should be independent of the level of
consumption, consistent with balanced growth. As in Basu and Kimball (2002) and
Kiley (2007) we assume V (N;) = e~(1=7%(V) g0 that the elasticity of intertemporal
substitution in consumption is given by 1/0. Moreover, without loss of generality
we let v(N,) = N, 77/(1 +n), where n > 0.

As is well known in the business cycle literature, non-separable utility makes the
model intractable under wage staggering, as consumption would depend on the
entire history of wages ( complicating aggregation of consumption decisions (see
e.g., Erceg, Henderson and Levin (2001)). In order to avoid this problem, we follow
Schmidt-Grohe and Uribe (2005) and assume a large representative household with a
continuum of members, each supplying a differentiated labor service. The household
cares about per capita consumption C; = fol Cj:dj and per capita hours worked
N, = fol N, .dj (where j indexes household members) and sets wages for each of its
members.

1See for e.g., Solow (1956).

2A limiting case of the utility function is when o = 1, so that u(Cy, N;) = log C; — V (IVy).

3Note that Uc y > 0 does not necessarily imply that consumption and work are complementary
(i-e., consumption and leisure are substitutes), in sense that the demand for C increases if real
wages (the price of leisure) increases (see e.g., Bilbiie (2009).



The household consumes a continuum of differentiated goods, indexed by k, which
are transformed into a Dixit-Stiglitz composite good C; as follows

B 1 1y Hp
C, = / Ol g, 2)
il

where p, = % and 0, is the elasticity of substitution between any two differentiated
D

goods. We first solve for the household’s consumption allocation across all goods for
a given level of ;. Minimizing total expenditure fol Py +C1dk subject to (2) gives
the demand for each good k

P\ "%
Chs = (1_’;) c, (3)

where P, is the aggregate price index (or the price level), which is defined as

b0 =
P = (/ P ”dk) (4)
0 b

Next we derive the optimal decisions regarding the paths of C;, N, and W/. The
household maximizes

E; Y B'U(Ciii; Niys) (5)
subject to the budget constraint

By VWL
Crpi + = = N Gdj 4 (1 + Timy)

By 14 n Dy

Py o Py Py Py
and the resource constraint
I LW —Ou
Nt—i—i :/o th-i-idj = Ntd+i/0 (Wiﬁ dj (7)

Here, 3 is the discount factor, I; is the nominal interest rate on bond holdings B, th
is the number of hours worked of labor type j, W/ is the nominal wage of labor type
J, Wy is the aggregate wage level, D, is the nominal profit income from all firms and
Ntd+i is the aggregate labor demand, details of which are given below when solving
each firms’ labor demand.



Let A\ and A" be, respectively, the lagrange multipliers associated with the budget
constraint (6) and the resource constraint (7). Then, the maximization problem in
lagrangian form is

o\ -0

' N A

¢ = EtZﬁl{U<Ct+i>Nt+i)+>\?+i J Ng”/o (Wtﬂ) d]}
thi

LW (WL
+ )\czoz ]\/'dZ t+’l<t+z> d
i " P t+i o 0 Pt—i—i Wt+i J
B 14 Dt+i”
— (14 L1y _
( +t1+)Pt+i Py

and the first-order conditions with respect to Cy1; and N;; are, respectively, Uc s y; =

—Afy; and Unyqs = —AP;; moreover, wi i = W, if set optimally and Wt]—i-z =
Wtj+z‘—1 otherwise. For now we abstract from considerations of nominal wage index-
ation (see Section 5).

The assumption of Calvo wage staggering implies that in any period only a fraction
1—w,, of labor markets are allowed to reset wages, so that the household’s lagrangian

that is relevant for resetting wages is
(W o W (Wi
—N/, ]—i—)\ | —NE ( ) ]}
t+i <Wt+i> t+i P \ W (

As all labor types whose wages are reset face an identical optimization problem, all
set an identical wage, denoted by W;*. The first-order condition with respect to W/
gives

0]

tw = E, Z(ﬁww)i{)\?ﬂ )

, W
E; Y (Bww) Negiye (P Uci+i + puwUn, t+z> =0 9)
t+i

where we made use of the first-order conditions for C},; and N..; to substitute out

the lagrangian multipliers. The parameter p,, = 09“’ represents the wage markup

while

—0

W v

Nevi = (Wj ) N (10)
+1

is the demand for labor in period t 4+ ¢ whose wages was last reset in period t.

The first order condition (9) shows that trend growth in consumption affects wage
decisions via the marginal rate of substitution between consumption and work.



The functional form of the utility function implies that, Ucyt; = CL5V (Niys) and
Unisi = —CLf NPV (Nyyi). As long as o > 1 the are two countervailing effects of
trend growth. On the one hand the marginal utility of consumption declines faster
with trend consumption growth pushing newly set wages up. On the other hand,
due to complementarity in the utility function consumption growth decreases the
marginal disutility of work (i.e., work becomes less costly) and this moderates wage
increases.

Solving (9) for W}*, making use of (10) and dividing through by W; we get

] —0 t+1i ew
Wy Ey Y (Bww) CLV (N ) N[N (Mljvj )
W, — Hw Wi i V—0 d Wiri \% P (11)
t ﬁEtE(ﬁww)’CtHV(NtH)NtH ( Wj) ﬁ

where W /W, is the relative wage.

We incorporate trend growth via deterministic growth in labor productivity A,
namely, A;; = vAii—1 = 7' As, where v > 1 is one plus the growth rate of produc-
tivity. Then, along the balanced growth path we have Cy,; = vCy1;_1. Under trend
growth, equation (11) can be rewritten as

o N
Wy By Y (Bww) (V) et V(N ) NN (%) -
W, = Hw — — \
' A‘/tV}gt B 3 (Bww ) (V)0 5V (Nogs) N (V[;fftz) Atﬁi§2+i

where ¢;y; = Cyy;/As1i is a stationary variable. Note that the term Sw, ¥~ can be
thought of as the effective discount factor, which decreases with ~ provided o > 1.

2.2 Firms

Firms’ pricing decisions in the goods market are analogous to the wage setting
decisions of households in the labor market. There is a continuum of monopolistically
competitive firms over the unit interval. Let firm £ has a production function of the
form

Yk,t — AtNk,t (13)

where A; is productivity and Nj, is labor services. Ny, is a composite made of a
continuum of differentiated labor services

N A
Nea= ([ W di) (14)



where j1,, = 9 . Minimizing firm &’s total wage bill [; W/ N,gtdj subject to (36)
leads to the demand for labor of type j

i\ —f
: w7 .
Ny = (I/Vf)t) Ny (15)

where 6, is the elasticity of substitution between any two different labor types.
Aggregate labor demand is then given by N& = fol Nj 1dk.

1 S
:( / Wgu—ewdj) ’ (16)

While firms choose prices optimally, output is demand determined, which in turn
pins down labor demand.

Firm k£ maximizes its profit

. P,
ErY w,Qrpsi (Pk  Chgi — ¢t+ith+z’> (17)
t+1

V(Ntyi)
i t+
where Qt,tJrz 5 2 V(Ny) AtPt

is the real margmal cost. Note here that the stochastic discount factor depends
negatively on trend consumption growth.

} is the stochastic discount factor and ¢, = ¢y, =

Using the demand function for good & in the profit function

Pkt>1_9” <Pkt>_9p
) Z ’ 18
(PH-Z' ng— Pt-i-i ( )

The first order condition is

E, Z W;Qt,t—&—ict—l—i

. Crpi\ 1™ P\
Py o Ey 3 (Bwy)? ( o ) (Nt+z)¢t+z< ) (19)

P EtZ(ﬁwp) (Ct+z) - V(Neys) (Pt+1)0p 1

where P;/P; is the optimal relative price, identical for all optimizing firms. De-
trending consumption analogous to the households’ wage setting problem, equation
(19) can be rewritten as

Py L, Z(ﬁwp)z( ) Ct+ (Nt+1)¢t+z <Pt+Z )910
P = Hp ) — PO
! E S (Bwp)i(v) ¢tV (Nisi) ( 1 )

(20)
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Similar to the wage setting problem, as long as ¢ > 1, consumption growth affects
pricing decisions. However, unlike the wage setting equation, higher trend growth
unequivocally reduces the stochastic discount factor, pushing newly set price down.

2.3 Aggregation and market clearing

The aggregate wage index can be rewritten as a weighted average of optimized and
non-optimized wages

)1/(170w)

Wi = (1= wn) W 4w, W (21)

Similarly, the aggregate price index can be rewritten as a weighted average of opti-
mized and non-optimized prices

Po= (1= wp) (B0 - w, P =7 (22)

Moreover, using the aggregate resource constraint and imposing goods and labor
market clearing, we get a relationship between aggregate employment N; and ag-
gregate output Y;. To see this

1. 1 1.
Nt = / Ngdj = / (/ Ng tdj) dk - Aw,tAp,tyt (23>
0 0 0 ’

where A, ; denotes wage dispersion

LWy ™
= I U, dj (24)

and A, ; denotes price dispersion

= [ (B

and y, = Y; /A,

Using backward recursion, the wage and price dispersion equations can be rewritten
in dynamic forms (see e.g., Schmidt-Grohe and Uribe (2005))

W —0w W, —0

Aus = (1= wy) ( i ) + o, ( mt/tl) N (26)
P* —0p P—l —6p

D= (=) () +u(FE) B (27)



3 The long run tradeoff between output
and inflation

Having derived the key aggregate equations, we are now in a position to analyze the
long run tradeoff between steady state output and trend inflation. Let II,, and II,
denote, respectively, trend wage inflation and trend price inflation. In a balanced
growth path, real wages grow at the same rate as productivity (i.e., 7 > 1) implying
IT,, = II,v. Note that a given value of 7 ties down only the ratio %i Thus the
model with productivity growth is consistent with continued price inflation, so that
nominal wages rise faster than productivity, or with a constant price level, so that

nominal wages rise pari passu with productivity.*

Let z,: = W}/W; and z,; = P}/P,. In steady state the relative wage setting
equation (noting that II,, = II,y) is

N7 1— w l1—0o II Op—1
2w = (C ) ﬁw Y 17(7 P) ; (28)
¢ 1 — Bwyy' = (1L,
and the relative price setting equation is
1— 6w ,yl—aHGP—l
Zp = [ip¢ . - (29)

1- ﬁwpfylianf’p

The following points recap how productivity growth affects wage and price decision
making:

1. wage setting equation (12): there are three effects—1) the marginal utility of
consumption declines faster with trend consumption growth, pushing newly
set wages up. 2) due to complementarity in the utility function consumption
growth decreases the marginal disutility of work (i.e., work becomes less costly)
and this pushes newly set wages down. 3) trend wage inflation increases with
productivity growth (given trend price inflation), exacerbating the negative
effect of wage dispersion on output. The net effect depends on the relative
magnitudes of ¢ and 6,,.

2. price setting equation (20): the stochastic discount factor is a function of the
marginal utility of consumption; future profits are discounted more heavily the
higher is trend consumption growth.

4The model is also consistent with constant nominal wages and price deflation equal to produc-
tivity growth.
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In steady state, the goods market clearing condition is ¢ = y and the aggregate
resource constraint implies N = fol N;dj = fol fol Ng,jdk;dj = A,Apy. Using both
equation to substitute for ¢ and N leads to

(ALA)Y 11 — B,y (y11,) 01

Zw = Muw 30
e T Awey (L) o
Solving for y in terms of II, we get
_1
1 (A Tz, (1= By T (IL,) ) | T (31)
- 1 = Buwyt=o (yI1,) %

where A, A,, ¢ and z, are all functions of II,. First z, can be inferred from the
aggregate wage index so that

—1\ 1/(1=0w)
1- ww(H ,V)Qw Y
Zw = Zw(Hp/y’wwa ew) = ( 1— up}w (32)
which in turn determines the steady state wage dispersion, A,
(1 — wy)z,0
Ay, = = 33
1 — wy (IT,y) 0w (33)
Likewise from the aggregate price index z, is given by
1 — prGP—l 1/(1-6p)
2p = 2p(Ilp, wp, ) = (1_‘*12 (34)
which in turn determines the steady state price dispersion, A,
1 —w,)z %%
Ap — ﬂ (35)

11— wpl_[ff'

Finally the steady state optimal price setting and the price index pin down the
steady state real marginal cost ¢. Using the above substitutions we may interpreted
the relationship between y and II, as the long-run Phillips curve: As steady-state
inflation varies, so does aggregate steady-state output. Importantly, the nature of
the curve depends on the magnitude of productivity growth, ~.

11



While we have given intuitions for the various channels whereby trend growth affect
aggregate relationships, one difficulty is that the long run Phillips curve is highly
non-linear and is thus analytically intractable. Therefore, following the literature
(see e.g., Ascari (2004), Graham and Snower (2004) and Amano (2009)), we study its
properties numerically. We calibrate the model using values that are quite standard
in the business cycle literature (see e.g., Ascari (2004), Graham and Snower (2004),
Schmidt-Grohe and Uribe (2005) and Amano (2009)).

Parameter configuration

Parameter Calibrated values
I} quarterly discount factor 0.99
Wy fraction of firms not resetting prices 0.75
Wy fraction of workers not resetting wages 0.8
0 elast. of subst. in goods 10
0. elast. of subst. in labor services 5
v productivity growth {1, 1.005, 1.01}
o degree of non-separability {2, 4, 6}
n disutility from work {0.2, 0.6, 1}

We vary the three key parameters of the model: (1) productivity growth, v €
{1,1.005,1.01}, which implies annual growth rates of 0%, 2%, 4%, respectively; (2)
the degree of nonseparability in utility o € {2,4,6} (note that o as high than 6 is
consistent with recent empirical estimates, e.g., Guerron-Quintana (2008)) and (3)
the curvature of the disutility of work V(N), n € {0.2,0.6,1}.5

In order to help compare our results with those from previous studies (e.g., Ascari
(2004)) in the figures that follow we plot the percentage deviation of steady state
output from its level at zero steady state price inflation, denoted by 7, against trend
price inflation II, expressed in quarterly terms.

Figure 1 shows the relation between ¢ and II,, for alternative values of trend produc-
tivity growth . The case of constant productivity v = 1 is shown by the dotted line,
and it is clear that here steady state output and trend price inflation are negatively
related even at very low inflation rates. In general, the figure shows that the steady
state effect of productivity maybe positive or negative depending on the degree of
nonseparability between consumption and work in the utility function (captured by
the parameter o) and the curvature of the disutility function from work (captured
by the parameter 7). Evidently, the positive effect of trend growth on the slope of
the Phillips curve dominates the negative effect when the degree of nonseparability

SEstimates of  based on nonseparable utility may differ from those based on separable utility.
[reference would be helpful here]
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is large enough and the (constant-consumption) marginal disutility of work is small
enough (e.g., bottom-right panel of figure 1).

[Figure 1 Here]

4 Extensions: employment uncertainty

We incorporate employment uncertainty analogous to the nominal wage and price
staggering. In particular, suppose in any given period, only a fraction p of all house-
holds are allowed to work (provide labor services) and of those who are allowed
to work, only a fraction 1 — w,, can set their wages optimally. Thus, in any given
period, a household’s member is in one of three states: (1) unemployed with prob-
ability 1 — p, (2) employed and non-optimizing with probability pw,, (3) working
and optimizing with probability p(1 — w,). If a household member j who reenters
the labor market after being unemployed for at least one period is not allowed to
set a new wage then W/ = W,_;.

Let 2 C [0, 1] be the set of employed people randomly chosen every period from the
entire population. Total number of hours worked is N4, = [ thﬂdj . For simplicity
let the employed people lie in the interval [0, p], p < 1 measures the fraction of
employed workers. Note that the composition of employed workers changes from
one period to another.

Here, Ny is a composite made of a continuum of differentiated labor services of size
p.

1— 14 ]L . Hw
New = ([0 ) (36)

where p'~#v is a normalization term, included so as to shutdown the effect of the
number of varieties on aggregate behavior (what is called the “love of varieties” see
e.g. Benassy (1996) and Bergin and Corsetti (2007)). The normalized aggregator
has the property that in the event of a common wage W*, the aggregate wage index
is equal to the common wage.

As in the case with no employment uncertainty firm £ minimizes total wage bill
1y W/ Ngvtdj subject to (36). Since all firms face identical wage profiles and run
identical production function, we drop the indexing variable k. The demand for
labor of type j is

i\ —f
1w\

N/ == =L N, 37
= () (37
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The aggregate wage index

1
1—

W, = ( f)owie Wj) (39)
0

Note here that from the set of workers employed in period ¢ a fraction 1 — p were
not employed in period ¢ — 1. While a fraction (1 — w,,) of these newly employed
workers will set a new wage, a fraction w,, are assumed to receive W;_;. Under this
assumption, the aggregate wage index can be rewritten in terms of optimized and
non-optimized wages

Pl ia-
th—ew — / 7Wtj(1 ew)dj
0 p

*x(1— pl 1(1— .
= (1 _ww)Wt (1=0w) +pww/0 ;W15]£11 ew)dj

+(1 = p)w, W)
= (1= w)W; " 4 pu, W) 4 (1= plw, W™
= (1= w )W) o, Wi (39)

which takes the same form as in the case with no employment uncertainty.

The aggregate resource constraint for labor can be rewritten as
P .
Ni= [7Nidj = N A (40)
0
where A, ;, which denotes wage dispersion, is given by
P 1 Wi\ 0
= [
N o p \W, ]

W —0 W, —0w
= e () (M)

Wt—1>6w

1- w

+(1 = pw ( i

= (1- Ww)Z;gsw + waHz%tAw,t—l +(1 - P)WwHth (41)

Here in deriving the dynamics of A, ; using backward recursion, one has to take
into account that the composition of workers changes every period

14



The household’s utility maximization problem will be subject to

o .
Npws = /0 N, .dj (42)
and
By » Wi, Bi1ti | Dyt
Cipi + —= = 1szd+1+] i + 43
TP 0o Py i+ -141) Py Py (43)

Here thﬂ is total hours of of employment in market j.

When setting W} the household will take into account the fact that W, will not be
effective in those future periods when the worker is unemployed, leading to further
discounting of future payoffs. With this modification the first-order condition (9)
becomes

, 1%
Et Z(ﬁpw>2Nt+i|t (P UC t4i T NwUN t+z> =0 (44>
t+1

where fpw < Pw. The upshot is that under employment uncertainty the optimal
reset wage depends less on expectations about future payoffs. The optimal relative
wage is

Wy EiZ(Gpe) (Ae) " Sl or V(N ) VNG, ( Vf,vﬁ)ew .
= i
" A'P" B 3(Bpww) (AA:i) iV (Neyi) N (WHZ) i Pitui

4.1 Long-run tradeoff under employment uncertainty

Following the same steps as in the case with no employment uncertainty, steady
state output is given by

_1
i (D) 17, (1= Bpwy' =2 (7IL,)% )\ ™7 )
y =
1 — Bpwyy' =7 (yI,) P!
where A, ¢ and z, are the same as in previous section while A,, is now
1 _ w Gw 1 _ w H O

1 - pww(Hp’Y) v
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We think the degree of employment uncertainty p can be proxied by the long run
average rate of unemployment so as to capture the fraction of the labor force which
is unemployed in any given quarter independent of the business cycle. The long run
average rate of unemployment differs across countries (see e.g., Blanchard and Gali
(2010)). We show results for p € {1,0.9} where p = 1 refers to the case with no
employment uncertainty.

[Figure 2 Here]

Figure 2 shows the individual effects of employment uncertainty and trend produc-
tivity, as well as the joint effects. All panels show that employment uncertainty leads
to more favorable tradeoff, independent of the degree of nonseparability in utility.

4.2 Complementarity between growth and employment un-
certainty

We examine whether the effects of trend growth and unemployment are comple-
mentary, in the sense that given trend inflation, the combined effects of growth
and employment uncertainty on steady state output is larger than the sum of the
individual effects. Figure 3 summarizes the results.

[Figure 3 Here]

All panels of Figure 3 show that there is complementarity between trend growth
and unemployment.

5 Sensitivity to partial indexation

Let 0 < ¢, <1 and 0 < ¢, < 1 denote the degree of indexation to wage inflation
and price inflation respectively. Then it can be shown that the steady state output
is given by

- /L;l(AwAp)_nﬂﬁzw (1 - ﬁpwwfyl_a(’ynp)aw(l_<p“7)) m (48)
- (1 = Bpwyy' =7 (Y11, e =1 =ew))
where the steady state aggregate wage index takes the form
1 — wyy (T~ ) =D (1 —pw) \ 1/0170w)
2y = < wu (11,7) ) (49)
1—wy,
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and the steady state wage dispersion is given by

(1= ww)zy? + (1 — plwy (IL,y) P =ew)
T o (T2

A, = (50)

Furthermore, the steady state optimal relative price, which as before determines ¢,
is given by

1 — ﬁwpf)/l_onz(fp_l)(l_@p)

Zp = fip = (51)
p p 1 - 5‘*‘};7/71_01_[217(1 ©p)
while the aggregate price index z, is given by
1 — W TIE—1D(1—p)\ 1/ (1=0p)
= (I ) (52)
1—w,

which in turn determines the steady state price dispersion

(1 B wp>zl;9p (53)

B 1— wpngp(l—Wp)

A_

P

Lacking firm empirical estimate for the degree of indexation, we calibrate partial
price and wage indexation as ¢, = ¢, = 0.5. Comparing Figure 5 with Figure 2, it
is clear that partial indexation improves the tradeoff between output and inflation
(in particular, in the case with unemployment p = 0.9 and productivity growth
v = 1.01, § remains positive for II, as large as 6 %, annualized).

As shown in Figure 4 and Figure 5, introducing partial indexation reinforces the
positive effect of productivity and employment uncertainty.

[Figure 4 and Figure 5 Here]

On the other hand, under partial indexation there are cases where there is no clear
result of complementarity between growth and employment uncertainty, especially
for low to moderate rates of trend inflation (see Figure 6, lower-right panels).

[Figure 6 Here]
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6 Summary

This paper reexamines the nature of the long-run Phillips curve by incorporating
two important (and empirically relevant) features into an otherwise standard New
Keynesian model, namely, trend growth and employment uncertainty. It then shows
that, owing to these mechanisms, the long-run Phillips curve is upward sloping
even for trend inflation that is significantly larger than zero. Previous research on
the matter seems to conclude that the long-run Phillips curve is downward sloping
except for near zero trend inflation. Our results shows that such a conclusion is not
warranted.

Moreover, we show that the effects of trend growth and employment uncertainty
are complementary, in the sense that given trend inflation, the combined effects of
growth and employment uncertainty on steady state output is larger than the sum
of the individual effects. Finally, our main results are strengthened by the presence
of nominal indexation schemes.
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Figure 1: Output and price inflation under alternative productivity growth rates:
v =1 (dotted line), v = 1.005 (dashed line), v = 1.01 (solid line).
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