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A Theoretical Appendix

A.1 Household Optimality Conditions

Households optimally trade off current consumption and current labor supply. This implies the

following labor supply curve must hold in our model:
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where Pp; denotes the lowest cost of purchasing a unit of the composite consumption good
Ch and subscripts on the utility function denote partial derivatives. Using expressions for
Un(CHt, Nut) and ue(Che, Nut), we can rewrite the home labor supply curve as
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Households optimally trade off current consumption and consumption in the next period. This

implies the following consumption Euler equation must hold in our model:
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where R} is the gross nominal interest rate, which is common to both regions in the monetary
union. Household optimization also implies a standard transversality condition must hold in
model and it implies that the stochastic discount factor takes a standard form.

Households choose how much to purchase of the various goods in the economy to minimize
the cost of attaining the level of consumption C'y; they choose. This implies the following demand

curves for home and foreign tradeable and non-tradeable goods:
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Utility maximization, furthermore, implies the following demand curves for each of the varieties



of goods produced in the economy:
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The cost minimizing price indexes are given by
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A.2 Firm Optimality Conditions

Firms in our model must satisfy demand. For firms in the non-tradeable sector, this implies that
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Optimal choice of labor by the firm z implies that
Wit = Sin(2)Zin, )

where S¥,(z) is the firm’s nominal marginal cost, i.e. the Lagrange multiplier on the constraint
above.

Non-tradeable firms z that are able to reoptimize their price in period ¢ set it to satisfy
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where Pj;(2) is the price the firm chooses. Intuitively, the firm sets its price equal to a constant
markup over a weighted average of current and expected future marginal cost taking into account
the probability that their price will remain unchanged in future periods. We can divide both sides
of this equation by Pf]}i .1 and rewrite it as

PN* z 0 P]]{V k
Mm,HkYng(z)( (o TC R | ) ©)

o0
Z CtkEt

k=0




where MC¥, w(2) = SN w(2)/ Py, 1 is real marginal cost in the non-tradeable sector.

Analogously to the non-tradeable sector, optimal firm labor demand in the tradeable sector is
Wi = Sip(2) Z i (2)- (10)

where S%,(z) is the tradeable goods firm’s nominal marginal cost. Optimal choice of a new reset

price by tradeable goods firms implies
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We can divide both sides of this equation by Pg’t_l and rewrite it as
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where MCY; . = St 4(2)/ Pl 1y is the real marginal cost in the tradeable sector.

A.3 Zero Inflation Steady State

In the next section, we take a log-linear approximation of the equilibrium conditions of our model
around a steady state with zero inflation and balanced trade. In this section, we solve for this
steady state. The steady state of equations (7) and (10) are Wy = SN = S%. The steady state of
equations (8) and (11) imply

Wg 0-1
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The steady state of equation (1) implies
NG = (14)

where Ny is the steady state per capita employment of households in the home region and p =
8/(60 — 1). The steady state of equation (2) implies SR" = 1.
Since all firms face the same marginal cost in the steady state we consider, all prices will be

equal and all relative goods prices will be one. This implies that in steady state the demand



curves for home tradeable and non-tradeable goods—equations (3) and (4)—imply

Cl = onCh, (15)
CH = ¢rriiCy, (16)
CH = ¢prkCy. (17)

We define total labor in the home non-tradeable and tradeable sectors as N5, = fol NH.(2)dz
and N7, = fol N1, (2)dz, respectively. In steady state, total non-tradeable employment, N7, must

equal total non-tradeable consumption, (¢nC. This implies that
N = (Ch = (onC

where the second equality substitutes in equation (15). Similarly, steady state home tradeable

employment, N7, equals steady state total consumption for home tradeables. This implies that
Ny = CCHT + (1= ¢) ™.
Using equations (16) and (17), we get that
Nf; = CorH Cr + (1= Qorf Cr

Using that fact that Cr = Cy = C in a symmetric steady state, we get that

NG = ¢orC (n’:{ 41 . Crﬁ)

Finally, using the fact that 7}/ = 7 = ¢ (no home bias in steady state), we get that

Ni; = (orC.



A.4 Derivation of Regional Phillips Curves

A first order Taylor-series expansion of equation (9) around the zero inflation and balanced trade

steady state yields

pri(2) = PR = (1—ap) f: " By [mCHt—f—k (PR ok _pg,t—l)} -
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Rearranging this equation yields
pgf(z) - pg,t—l = afE; [pg:;—i-l(z) - p%t] + (1 —apB) fn\cgt + Wgt' (18)
The expression for P, given in the line above equation (6) implies
Pgtl -’ aPI]{Vt +( _Q)Pgt*l_e

where P} denotes the reset price of firms that are able to change their price in period ¢. Here we
exploit the fact that a random set of firms change their prices at time ¢ and all of these firms set the

same price. A first order Taylor series approximation of this last expression is
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which implies that
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Manipulation of equations (18) and (19) yields that

where
L (1-a)(1-ap)
o .

We can derive an analogous equation to equation (20) for the tradeable sector. In the tradeable

sector we have that

7THt BEtWHtH +)‘mCHta (21)

T _ T T . . . . .
where 7y, = py, — pyy,—q is producer price inflation in the home tradeable sector.



Taking logs of equation (7) implies that
Mch; = Wnt — Pl — 2y
Taking logs of labor supply—equation (1)—implies that
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Combining these two equation yields

mc%t = Mg+ (th — P%t) - th‘ (22)

We can substitute this equation into equation (21) to get that

Wgt = 5Et7rg,t+1 + ki — )‘ﬁgt + Vgt (23)

where vy, = —AzN and k = A\¢p L. This is the regional non-tradeable Phillips Curve in our model.

An analogous sequence of steps yields
T = /BEtWIZ;,tH + KA — Nt + Vigg (24)
This is the regional tradeable Phillips Curve in our model.

A.5 Aggregate Phillips Curve Derivation

Aggregate non-tradeable inflation can be written as 7)Y = (7}, + (1 — ¢) 7¥,. Using the Phillips
curve for home non-tradeable inflation—equation (23)—and its foreign counterpart, we get that

satisfies

T = BE + ki + vy — N[y + (1= C) Pryl (25)

Similarly, a weighted average of the Phillips curve for home tradeable inflation—equation (24)—

and its foreign counterpart yields

T = BEyrf ) + wiv + v — XN[CPh + (1 — Q) Pry) - (26)



First order expansions of equation 6 and its foreign counterpart around the zero inflation
steady state yield that

Pt = ONDN: + OTTH Doy + STTHD It (27)

and

DL = GNPy + STTE DI + OTTE Dy (28)

Then the aggregate price level, p; satisfies p; = (prt + (1 — {) prr. Combining this equation with

the previous two equations and using the fact that 7/ = 75 = ( yields

pe =N (oo + (1= Q) piy) + b1 (CCpEr + ¢ (1= Q) piy + (1= Q) i + (1= ) (1 = ) piy)
This equation simplifies to
pe = onpL + b1} (29)

where we use the notation p}’ = (pY, + (1 — ¢) p¥, and p! = ¢k, + (1 — () pL,.
Equation (29) implies that

™ = oNT + drmy -

Combining this equation with equations (23) and (24) yields the aggregate Phillips curve
T = BEimi41 + Ky + 1y,
where v; = ¢nvf¥ + ¢ and we make use of the fact that
[CPre + (1= Q) i) + [CPhe + (1 = Q) b = 0.

A.6 Deriving the Other Log-Linearized Equations

In this section, we will assume that supply shocks are zero for expositional simplicity. A log-linear
approximation of the home consumption Euler equation—equation (2)—yields
Uen Uen Ue

npe = By |Cpgy1 + — g1 | + ——
Uce Uce UeeC

CHt + (7 — EyTH41) 5 (30)

where we use the fact that home per capita consumption and labor equal aggregate per capita

consumption and labor at the steady state.



Next, we solve for the partial derivatives in the previous equation using the functional form

for preferences, equation (8). We have that

—1
1 Nite 1 -0 -1
weC  —o7lC (0 —x2r)
- T —o—1
- (c-x¥=r)
]\[1—&-@71 B
= !C (C — Xl)
1+ ¢~

-1
Nit+e™!
_ -1 —1 o
L, <c (c XHW))

“Ly Nl (1+ 8071)—1)_1

where we use the steady state labor supply curve—equation (14)—and the fact that in the steady

state C' = N. Furthermore, we have that

Ni+e! —oi-l Y .
Uep = —0 L[ C —x X — (1+¢ 1) N?

1+t

where we again make use of equation (14).

Combining this last to equations with equation (30) yields
et — 0 gy = By (e — M_lﬁH,tH] — oo (P — Eyma41)

where 0. = o (1 —p (14 4,0’1)71> :



Solving this last equation forward yields

o0
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=0
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Similarly, for foreign households we have

o

~ —1~ ~

Crt —p npr = —0cEy E "”{Lﬂ — OcPFt- (32)
J=0

Combining equations (31) and (32) yields
e — 1 e = épy — M py + 0c (PR — PaL) |

which is the Backus-Smith condition for our model.
Define é Ht = log 7y — log Ty and f rt = log Tr¢ — log 7r. With this notation, log-linear approxi-

mations of (3) and (4) as well as their foreign counterparts yields

&gy = e — 1 (i — pre) (33)
éjz;t = éHt +Cut —n (pjl;t - p:,}}t) (34)
¢y =Epi e —n (PE: — Phrt) (35)

gy = Epe — (PP — PFt) (36)

élTw{I =Cpt — 1 (pgt - th) (37)

¢ty = e —n (Phy — Prt) - (38)

Note that the expenditure share on tradeable and non-tradeable goods always sums to 1: 74, +
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7r¢ = 1. This implies that
51m§ + éFtTg =0
which in turn implies that

Er = ==&

1-¢
First differencing equations (27) and (28) implies

N H_T F_T
THt = ONT gy + OTTH T + OTTH TRy
and
N H_T F_T
TRt = ONTpy + OTTE T + OTTHT Ry

Note that without supply shocks, output and employment are equal. This implies that
YIJJ\Q = Nljﬁlvtv Ygt = Ng]tv Y}{“\z{ = N}%7 Yg; = Ngt'

We furthermore have that

(Ny; = NY, + NL,.

This equation says that total labor supplied by households in the home region equals total labor
demanded by firms. The ¢ on the left-hand-side reflects the fact that Ny is per capita labor supply.
A log-linear approximation of this last expression around the symmetric steady state yields

N N ~N N T AT
- NN + NTnHt + NN + NTnHt

AN T
= ONTVg + TR,

Nt

Similarly, in the foreign region we have that

~ ~N AT
gt = QN + TRy

Aggregate employment is
Ny = (Nut + (1 =) Nry.

11



Log-linearizing this equation around the symmetric steady state yields

. (N o (-QN
TN -ON TN (N

= Chpge + (1 =) npy,

where N is steady state household labor supply, equal across the two regions at the symmetric
steady state.
Market clearing conditions in the non-tradeable sector implies that N7, = (C¥,. A log-linear

approximation of this expression yields that
ﬁgt = é%t'
Using equation (33), we get that
ﬁﬁt =cCyt—n (ﬁgt - ﬁHt)
A similar set of steps for the foreign region yields
ﬁ% =Cpt— 1 (p% - th) .
In the tradeable sector market clearing implies

Nip = CCH + (1= CR!

i PEN Do PEN
= (o7 Ct ( t> + (1 =¢) ¢r71Cre < t>
Py Pry

where the second line follows from equations (3) and (4). Log-linearizing around the symmetric

steady state implies
ﬁgt =¢ [éHt -n (pﬁt —th) + éHt} +(1-) [éFt -7 (pjz}t —th)] .
Similarly, in the foreign region we have

ffy = C [éHt — 0 (Pke — pHt) + éFt] + (1 =) [er —n (PEr — prr)] -
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Finally, we define deviations of unemployment from the steady state as
ﬁHt = logNHt — logNH ~ (NHt - 1) - (NH — 1) = *(th — uH) = *fLHt.

A.7 Log-Linearized Equations of the Model

For convenience we repeat the full set of log-linearized equilibrium conditions of the model.

e Parameters:

-0.=0 (1 —p 1+ 4,0_1)_1)

- k=Ap!
~A=(1-a)1-ap)/a
- pu=0/(0-1)

- =T =¢

¢ The law of motion for tradeable demand is

éHt = PgéHt + &t

and

éFt = _75Ht~

1-¢

¢ The home non-tradeable Phillips Curve is:

Wﬁt = 5Et77g,t+1 — Klpgy — )‘ﬁgt + Vﬁt
¢ The home tradeable Phillips Curve is:

Tire = BBy 1 — KUm: — Mgy + Vi
¢ The home Euler equation is:

e — 1 e = By [era — T ] — 0c (77 — Errigga)
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The Backus-Smith condition is:

CHt — M_lﬁHt = Cpt — H_lﬁFt + o (prt — PHL)

The foreign non-tradeable Phillips Curve is:

N N . Y N
TRy = BEtWF,tH + Khpe — A\Dpy + Vi

The foreign tradeable Phillips Curve is:

T T . T T
Tt = BEtWF,tH + Khpe — Appy + VEy

Definitions of inflation:

THt = PHt — PHt—1

TFt = PFt — PFt—1

Wgt = pgt - p%,t—l

Wgt = pgt - Pg,t—l

Wgt = pgt - p%t—l

W%:t = pgt - PJTT,t—l
TH = ONT R + OTTH Ty + STTHT Iy
TRt = ONTPy + OTTE Ty + OFTH Ty

¢ The home resource constraint in the non-tradeable sector is:
\ N . N
Ay = e — 0 (P — pHt)
¢ The foreign resource constraint in the non-tradeable sector is:

Wy = ere —n (PR — Prt)

14



¢ The home resource constraint in the tradeable sector is:
Ay = ¢ [ém —n (i — pre) + éHt} + (1 =) [ére —n (i — Pre) ]
¢ The foreign resource constraint in the tradeable sector is:
i = C [ —n (ke = pae) + ] + (1= Q) [ =1 (0F — pr1)]
¢ Aggregate labor in the home region then satisfies the log-linear equations
e = ONALY; + STy
¢ Aggregate labor in the foreign region satisfies

. N T
Mgt = QNI + TRy

* Monetary policy is

f? = r (ﬂ't — ﬁ't) + ¢¥n (ﬁt — ’flt> + Ert

* Aggregate employment satisfies
iy = Chupe + (1 = Q) fupy

¢ Aggregate inflation satisfies

e = (e + (1 —C) Tpe

¢ The deviation of unemployment from its steady state value is

A.8 The Importance of Non-Tradeable Inflation

Here, we show that the slope of the regional Phillips Curve for overall regional consumer price

inflation is smaller than the slope of the aggregate Phillips Curve, by a factor equal to the expen-
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diture share on non-tradeable goods. For simplicity, we present this derivation with all supply
shocks 1, set to zero.
Consider the Phillips curves for home non-tradeables, home tradeables, and foreign trade-

ables:

N N - SN
THt = 5Et7rH,t+1 — KUpt — ADy
T T N T
Tt = /BEtTrH,tJrl — KUt — NDEy
T T N T
Tpy = /BEtTrF,tJrl — KUpt — APpy-
Substituting these three equations into the definition for home consumer price inflation
THE = ONT R + OTTH T iy + GTTHTEy
yields
i = BB 1 — (68 + O17i ) Kl — X (ONPR: + OTTH Phi) — OTTH KR — AOTTHDEr-
An analogous derivation yields the following Phillips curve for foreign consumer prices
TFt = /BEtTrF,tJrl - (¢N + QbTT}E) Klpg — A (QSNﬁgt =+ ¢TTFFﬁ£t) - QZ)TT]?HﬂHt - )\GZ)TTz{jﬁEt'

Subtracting the second of these last two equations from the first (and using the fact that 7/ =

= ¢) yields
Tt — 7t = B (Bt — Exmpist) — ons (e — tre) — N (PR, — D) - (39)

The coefficient in a regional panel regression corresponds to the coefficient in a differenced equa-
tion like this one. Notice that the coefficient on unemployment is ¢« rather than x. In other

words, the coefficient differs from the coefficient in the aggregate Phillips curve by the factor ¢ .

A.9 The Role of GHH Preferences

The key feature of GHH preferences that we exploit is that, with GHH preferences, there are
no wealth effects on labor supply either at the aggregate or the regional level. In contrast, with

separable preferences, wealth effects on labor supply are an important determinant of marginal

16



cost and therefore influence the Phillips curve.
To see this more clearly, consider the non-tradeable regional Phillips curve under separable
preferences:

Wgt = 5Etﬂg,t+1 — ke + Mo e — Aﬁ%t + Vgt) (40)

and the aggregate Phillips Curve under separable preferences:
m = BEymia1 — Kt + Aot + vy 41)

Relative to the GHH case, both the non-tradeable regional Phillips curve and aggregate Phillips
curve include a consumption term. These terms appear because of wealth effects on labor sup-
ply affect marginal cost in this model. These wealth effects complicate the comparison between
the regional and aggregate Phillips curve because the relationship between employment and con-
sumption is different at the aggregate level than at the regional level. At the aggregate level,
¢ = 1y + 2. This implies that we can replace the ¢; term with 7; + 2; in equation (41) and get
a consolidated coefficient of k + Ao~! on unemployment. At the regional level, however, this is
not possible because risk-sharing across regions implies that ¢g; # g + zg¢. This difference
implies that the slope of the non-tradeable regional Phillips curve will differ from the slope of the

aggregate Phillips curve when preferences are separable.

A.10 Relaxing Full Information Rational Expectations

To derive the solved forward Phillips Curve, equation (13) in the main text, we manipulated the
Phillips curve under the standard assumption of full-information rational expectations. However,
this type of derivation actually only relies on the weaker assumption that the law of iterated expec-
tations holds. Let’s consider the aggregate Phillips curve—equation (12)—for simplicity. Under
the assumption that the law of iterated expectations holds and the additional simplifying assump-
tion that the unemployment rate follows an AR(1) process, we can solve this equation forward to
get that

T = — Up + Fyyoo + Wty (42)

K
1-pfB
where F; denotes agents” expectations conditional on information at time ¢, Fym:; « is the agent’s
subjective forecast about the inflation target, &; = F; Z‘;‘;O B Viyj, and pg is agents” subjective

belief about the autoregressive coefficient governing the persistence of fluctuations in unem-
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ployment. Notice that if pf < pz, the Phillips Curve is less forward looking than the ratio-
nal expectations Phillips curve. Rational expectations is the special case where pf = p; and
Fimito0o = EyTi4o0. Coibion and Gorodnichenko (2012, 2015) provide evidence consitent with
the law of iterated expectations holding but full information rational expectations not holding.
See Adam and Padula (2011), Coibion and Gorodnichenko (2015), Coibion, Gorodnichenko, and

Kamdar (2018) for further discussion of these issues.

A11 Time Aggregation

Here, we show how time aggregation associated with using four-quarter inflation as our depen-
dent variable implies that we should divide our estimate of x by 4 since our model in section 3
is written in terms of quarterly inflation. Consider the non-tradeable regional Phillips Curve—

equation (13) from the main text:

oo
e =—E0 Y B (Klim ey + MDY 4 5) + Eitigoo, (43)
3=0
where for simplicity we have set the supply shock w¥, equal to zero. We can rewrite this last
equation as

Ph — pg,t—l = —kPVi — APV, + EiTi i oo

where

o0
PV, = B> P e
§=0

(o]
i AN
Pvgt = Ei Z B]pH,t—‘rj‘
j=0

This same equation hold for periods ¢,¢ —1,¢t —2,and ¢t — 3:

Ph — pg,t—l = —kPVy, — APV, + Eimigoo

N N _ P

Prt—1 —PHt-2 = _Hpvﬁ7t—1 - /\PVH,t,l +E 1o
N N _ p

Pt—2 —PHt-3 = —’fpvﬁ,tﬁ - /\PVH,t,Q + Bt 2Tt 100
N N _ p

PHt—3 —PHt-a= —KPViy 3 = APV, 34 Ei 3T
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Summing the preceding four equations together yields

P — P%t—4 = —k (PVjj;, + PV 1+ PVi, o+ PVﬁ,t—Z&)
—A (PVI]—DH + Pvlg,t—l + PVIIJI,t—Q + PVg,t—3)

+ BTt yoo + Bt 1Tt oo + Et—oTt oo + Et—3Tt 400
Taking expectations at time ¢t — 4 then yields

Ey_appy, — pg,t—4 = —k (E—aPVi; + Ei 4PV 1+ Ea PV, o+ Et—4PVHu,t—3)
~N(BiaPVE, + EaPVy,  + BaPVly, oy + B aPVl, )

+4E; 4T 0o-
Adding and subtracting p%, yields

P%t - P%,t% = -k (Et—4PVﬁt + Et—4PV13,t71 + Et_4PVﬁ,t,2 + Et—4PVﬁ,t73)
~ X (BiaPV, + B aPVE,_y + B aPVE, o+ B aPVE, )

+4E 400 — (Et—4p%t - p%t) .

We now assume that PV}, and PV}, are well approximated by univariate driftless random walks.

We present empirical evidence supporting this assumption in section A.11.1 below. Given this
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assumption, the preceding equation simplifies to

P%t - Pg,t—4 = —4rE; 4 PVyy,
— ANE,_4PV},
+ 4B 4Titoo — (Etf4p%t — Pgt)
= —4rK Z Bl gy — 4N Z B pyy ttj TAE 4T oo

o [o@)
— 4k | Ey—4 Z Blp sy — Z B Up v

=0 =0
— 4N | Bt 425 Pt — Zﬁ Pii+j

- (Et—4p%t - p%t)

= —4H25JUH trj — 4\ Zﬁij t+j + 4B 4Tty 00 + VHy

where vy, is a rational expectations error uncorrelated with variables at time ¢ — 4. This last
equation shows that estimating equation (17) with the dependent variable defined as 73 = p —
pfvytf 4 vields estimates of 4x and 4\ provided that the forward sums in equation (17) are well

approximated by a random walk.

A11.1 The Dynamics of the Present Value of Unemployment and Relative Prices

The derivation above relied on the simplifying assumption that > 2%, Bl sy and Y02 =0 BIphy Ht+j
follow univariate random walks. We can assess the accuracy of this assumption by running the

regressions

T T T
Z Bluigt; = o+ + pun Z B uigtj—1 + pup Z @Upﬁtﬂ'q

=0 =0 =0
T T T
. , N
Z B Pitvj = i+ + Ppu Z B uigyj—1+ ppp Z B Pittj-1-
Jj=0 J=0 J=0

As in the main text, we truncate the infinite sums at 7' = 20. Table A.1 presents results for these
regression. In both regressions, the coefficient on the lag of the dependent variable is very close
to 1, whereas the coefficient on the lag of the other future sum is near zero. This shows that

both the present value of both unemployment and the present value of relative prices are well

20



Table A.1: Random Walks in the Present Values of Unemployment and Relative Prices

PV of Unemployment PV of Relative Prices

1) 2) 3) 4)
Lag PV of Unemployment 0.999 0.997 0.020 0.007
(0.001) (0.002) (0.005) (0.008)
Lag PV of Rel. Prices -0.002 -0.001 0.994 0.992
(0.001) (0.002) (0.001) (0.005)
State Effects v v v v
Time Effects v v

Note: In the first two columns, we regress Z]T:O B 1i;¢+; on its quarterly lag and the quarterly lag
of Z?:o B8’ pf\fH j» where 1;; is unemployment in state i in quarter ¢ and pY is relative non-tradeable

prices. In the last two columns we repeat the exercise with Z?:o B pﬁ\fH 5 as the outcome. The sample
period is 1978-2018. We set T = 20. Unemployment is in percentage points and relative prices are
in 100 x log points. The regression is unweighted. Standard errors are in parentheses. These are
two-way clustered by date and state. The number of observations is 3495.

approximated by univariate random walk processes at quarterly frequency.

A.12 Applying Our Estimation Procedure to Model Generated Data

Our empirical specification—equation (17)—approximates the structural regional Phillips curve
in the model we present in section 3—equation (14). The approximation is that we truncate the
present sums of unemployment and relative prices. We can assess the error associated with this
approximation by estimating « with equation (17) using data generated by our model. This will
also more generally verify that our empirical method is able to identify x when applied to data
generated from our model.

To simulate data from the model, we adopt a quarterly calibration. We simulate the model for
a wide range of values for the slope of the Phillips curve . We vary x across these simulations
by varying the frequency of price change . There are 12 remaining parameters in the model for
which we must select values. The values that we choose for these parameters are listed Table A.2.
We first calibrate 9 parameters to standard values, using external sources. We set the quarterly
discount factor to 3 = 0.99 consistent with an annual riskless real interest rate of 4 percent. We set
the elasticity of intertemporal substitution equal to o = 1. We set the Frisch elasticity of labor sup-
ply to ¢ = 1 roughly in line with the mix of micro- and macro-economic evidence in Chetty et al.
(2011). We follow Itskhoki and Mukhin (2017) and Feenstra et al. (2018) in setting the elasticity of
substitution between tradeables and non-tradeables to 7 = 1.5. We set the elasticity of substitution

across varieties to § = 4. We set the size of the home region to ( = 0.05. This results in a home
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Table A.2: Calibrated Parameters
Externally Calibrated Parameters

Intertemporal Elasticity of Substitution o 1
Discount factor 8 0.99
Elasticity of substitution between tradeables and non-tradeables 7 1.5
Elasticity of substitution between varieties 0 4
Size of home region D 0.05
Steady state consumption share of non-tradeables N 0.66
Taylor Rule coefficient on inflation O 1.5
Taylor Rule coefficient on unemployment Pu 1.5
Frisch elasticity of labor supply @ 1
Parameters Calibrated From the Data
Persistence of tradeable demand pe 0.9
Parameters Targeting Moments from Data

Standard deviation of tradeable demand innovation o¢ 2.1
Standard deviation of supply shock oy 21
Targeted Moments Model Data
Standard deviation of annual unemployment 2.1 21

regions that is in between the size of New York and Pennsylvania. We set the steady state share
of consumption of non-tradeables to ¢ = 0.66 following Nakamura and Steinsson (2014). We set
the parameters of the central bank’s interest rate rule to ¢, = 1.5 and ¢, = 1.5.

We then calibrate the first order autocorrelation of tradeable demand to 0.9. We obtain this
value by regressing tradeable demand on its 16th lag, and taking the 16th root of the regression
coefficient. We assume that the supply shock is i.i.d. We choose the value of the remaining two pa-
rameters, the standard deviations of the innovations to the supply and tradeable demand shocks,
to jointly match two criteria. First, we require that the standard deviation of annual unemploy-
ment generated from the model equals its value in the data conditional on time and state fixed
effects. Second, we require that the contribution of supply and demand shocks to the variance of
unemployment is equal. To calculate the standard deviation of unemployment, we simulate data
from the model at a quarterly frequency, setting x = 0.0062 (the estimate of « in Column (4) of
Table 1). We time-aggregate the simulated data from the model, in order calculate the standard
deviation of unemployment in simulated data in the same way as in real world data.

We now use the model to show that our GMM procedure consistently estimates x. We simulate
the model for a range of values for x between 0.0005 and 0.1. For each value of x, we simulate

the model 1,000 times. For each of these simulation, we generate data for 8,000 periods, roughly
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Figure A.1: Estimates of x By Two Stage Least Squares on Simulated Data from our Model
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the size of our quarterly dataset. We then estimate « for each simulation using our two stage least
squares procedure.

Figure A.1 plots the median estimated « as a function of the true value of x along with the 5th
and 95th quantile of the distribution of the estimated x’s as function of the true value of . For
visual aid, we also plot the 45 degree line and a horizontal line at our estimated value of «.

Figure A.1 shows that our two stage least squares procedure consistently estimates . The
median estimate of x always lies very close to the 45 degree line. This implies that inconsistency
due to truncating the present values of unemployment and relative prices is not important. Also,
our procedure is quite precise. In the region of the value of s that we have estimated from the

data, the 5th and 95th percentiles are close to one another and to the median estimate of «.
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Table B.1: Slope of the Aggregate Phillips Curve
Pre-1990 Post-1990

(1) (2)

Core CPI 0.796 0.120
(0.120) (0.026)
Median CPI 0.386 0.247
(0.136) (0.032)
Shelter CPI 1.624 0.397
(0.350) (0.048)
PCE 0.416 0.040
(0.078) (0.019)
Core less Shelter CPI 0.221 -0.069
(0.103) (0.026)
Core CPIRS 0.182 0.149
(0.108) (0.027)

B Data Appendix

B.1 Sensitivity of the Phillips Curve Slope using Aggregate Data

Table B.1 presents estimates of the slope of the Phillips curve using aggregate data for several
different measures of inflation. We present estimates separately for the period 1978-1990 and

1991-2018. In each case, we run the regression
T — EiTiio0 = @+ YUs—g + €, (44)

with 10-year ahead inflation expectations from the Survey of Professional Forecasters serving as
a proxy for E;m~, and the 4 quarter moving average of the CBO unemployment gap serving
as a proxy for u;. We present results for six measures of inflation: the Core CPI, the Median CPI
produced by the Federal Reserve Bank of Cleveland, the CPI for shelter, the PCE, the Core CPI
less shelter, and the Core CPI research series. These regressions are run on quarterly data.

The results in B.1 show that the slope of the Phillips curve estimated using aggregate data is
highly sensitive to seemingly minor changes in the inflation measure used. This is particularly the
case in the pre-1990 sample where the slope estimates vary by roughly a factor of 10 from 0.182 to

1.624. The estimates for the post-1990 sample also vary a great deal, but somewhat less than the
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pre-1990 estimates.

Table B.1 also illustrates that inference about the degree to which the Phillips curve flattens
based on aggregate data is highly sensitive to the inflation measure used. For some measures, the
Phillips curve flattens a great deal (e.g., Core CPI and CPI for shelter). But for others it does not
flatten much at all (e.g., median CPI and Core CPI research series).

There has been extensive discussion in the literature behind this. Stock and Watson (2019)
discuss how certain sub-indices — such as shelter — are more cyclical than others. Ball and
Mazumder (2019) argue that the Median CPI has advantages arising from the elimination of large
fluctuations in certain components of the CPI. The difference between CPI inflation and PCE in-
flation arises to a significant degree from differences in the treatment of housing services in the

early 1980s and the fact that the BLS does not revise the CPI, while the PCE is revised.

B.2 CPI Inflation Using Pre- and Post-1983 Housing Methodology

The BLS made a significant change to the methods used to calculate inflation for owner-occupied
housing in 1983. This was important given the sizable weight of owner-occupied housing in the
CPI (22.8%). Before 1983, the component of the CPI having to do with owner-occupied housing
was constructed from a weighted average of changes in house prices and mortgage costs (i.e.,
interest rates). More specifically, it was made up of home purchases (9.9 percentage points); mort-
gage interest cost (6.5 percentage points), other financing, taxes and insurance (2.7 percentage
points); and maintenance and repairs (3.7 percentage points). For further discussion, see Bureau
of Labor Statistics (1982) and Poole, Ptacek, and Verbrugge (2005).

In 1983, the BLS shifted to using changes in rents as a proxy for inflation of owner occupied
housing. Figure B.1 plots CPI inflation from 1972 to 2018 (gray line). It also plots our attempt
at estimating what CPI inflation would have been had the BLS not changed the methodology for
calculating the shelter component in 1983 (black line). Evidently, the pre-1983 methodology yields
a much more variable (and cyclical) measure of inflation over the last few decades. The difference
between the gray line and the black line in Figure B.1 prior to 1983 gives a sense for how accurately

we can replicate the BLS’s pre-1983 methodology.

B.3 Price Index Construction

Here we discuss several details of our procedure for constructing state-level price indexes.
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Figure B.1: CPI Inflation Using Pre- and Post-1983 Housing Methodology

Note: This figure plots overall CPI inflation in the US (gray line) and our attempt at estimating what CPI
inflation would have been had the BLS not changed the methodology for calculating the shelter component
in 1983 (black line). We present these results for the sample period 1972 to 2018. The difference between
the gray and the black line before 1983 gives a sense for how accurately we can replicate the BLS’s pre-1983
methodology.

B.3.1 Sample Restrictions

We restrict the sample we use in several ways. First, we exclude from our sample price relatives
involving a product replacement when the size of the new product is unobserved. This reduces
sampling error in our price indexes. Second, we Winsorize price relatives that are larger than 10
or smaller than 0.1. Third, we drop quote lines that include collected prices that are smaller than
a tenth of a cent. A quote line includes all versions of a particular “quote-outlet” pair. Recall that
a “quote-outlet” pair represents a specific product in a specific location, such as a 2L bottle of Diet
Coke from the Westside Market at 110th Street in New York City.

Fourth, we drop observations associated with clearance sales at the end of a quote line. Intu-
itively, if products systematically go on sale, and then disappear from the data, this can lead to
a sharply declining price index (e.g., for women’s dresses) unless the product that exits is linked

with a new comparable product (next season’s similar women’s dress). To be precise, we drop ob-
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servations when they are flagged as on temporary sale and are not observed with a regular price
afterwards. In contrast, if we observe a price for the same quote line at a later point following the
sale, we will include the sale observations even if there has been a version change. In the case of a
version change, we compute the effective price change by adjusting for quality as in equation (45)

below.

B.3.2 Quality Adjustments

When a BLS price collector identifies a version change of a particular product (e.g., a new version
of the same rain coat), they determine whether the substitution is “comparable.” If they deem it
to be comparable, they assess whether a quality adjustment is necessary. Specifically, the price
collector uses the code CP for a comparable substitution, the code QC for a substitution that is
considered comparable after quality adjustment, and SR for non-comparable substitutions. For
observations that are considered QC, the analyst will record a quality adjustment factor. This
information is then used in the construction of the price relative for that product.

We follow an analogous procedure. We include price relatives at the time of version changes
in our index construction only if the version change is comparable (i.e., CP or QC). In the case of

QC substitutions, we make use of the reported quality adjustment using the formula

it = , 45
it (Pi,t—T + QAi,t—T,t> 45)

where QA; ;- is the quality adjustment entered for the substitution.

B.3.3 Aggregation

Armed with these price relatives, we first aggregate to the product category level (ELI) within

each state using a simple geometric average
Rj,$,t = H ri7t’
1€5,x

where j is an ELI and z is a state.
Finally, we aggregate the ELI price relatives R; , ; within sectors in each state using a weighted

geometric average
Rs)(l],t = H [(R]’x’t)WJ/ZWLES,I W”” Y
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where s denotes sector, and W is the expenditure weight of each ELI. These sectors can be defined
broadly as all of non-tradeables or even the entire non-shelter CPI. We use expenditure weights

that are constant across states and time. Specifically, we use the CPI expenditure weights for 1998.

B.4 Definition of Non-Tradeables Inflation

Below we list the ELIs that we categorize as non-tradeables. We define non-tradeables in a rela-
tively conservative manner since including tradeable goods in our definition of what constitutes a
non-tradeable good can lead to attenuation in the slope of the Phillips curve (if tradeable goods are
price nationally). Our definition of non-tradeables is similar to the BLS service aggregation. It dif-
fers in two ways. First, we include ELIs in the Food Away from Home category as non-tradeables.
Second we exclude several ELIs in Transportation Services, Utilities, and Truck Rentals. An impor-
tant example is airline tickets. These have highly variable prices and are collected using a different
procedure than other services in the CPI Research Database. See Nakamura and Steinsson (2008)

for more discussion of the behavior of transportation services prices.

¢ education services

college tuition and fixed fees

elementary and high school tuition and fixed fees

day care and nursery school

technical and business school tuition and fixed fees

¢ telephone services

— main station charges

— interstate telephone services
¢ food away from home

- lunch

- dinner

- candy, gum, etc.

- breakfast or brunch

— full service meals and snacks

28



— limited service meals and snacks

- food at employee sites and schools

- food from vending machines and mobile vendors

- board, catered events, and other food away from home

- beer, ale, and other alcoholic malt beverages away from home
¢ other personal services

- beauty parlor services for females
- legal fees

- funeral expenses

household laundry and dry cleaning, excluding coin-operated
— shoe repair and other shoe services

- clothing rental

- replacement of setting for women’s rings

- safe deposit box rental

- ax return preparation and other accounting fees

care of invalids, elderly and convalescents in the home
* housing services

- housing at school, excluding board

lodging while out of town

tenants’ insurance

electricity

utility natural gas service

residential water and sewer service

garbage/trash collection
- gardening or lawn care services

- moving, storage, freight express
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- repair of household appliance
- reupholstery of furniture

- inside painting and/or papering

e medical services

general medical practice

dentures, bridges, crowns, implants

optometrists/opticians

services by other medical professionals

hospital room inpatient

nursing and convalescent home care

* recreational services

community antenna or cable tv

prerecorded - video tapes and discs

other entertainment services

pet services

veterinarian services

photographer’s fees

film processing

fees for participant sports

admission to movies, theaters, and concerts

admission to sporting events

fees for lessons or instructions
¢ transportation services

— used cars
— truck rental

— other vehicle rental
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painting entire automobile
- vehicle inspection

— automotive brake work

— automobile insurance

— drivers license

- local automobile registration
— vehicle tolls

— automobile service clubs

— intercity bus fare

— intercity train fare

— passenger ship fares

- intracity mass transit

— taxi fare

B.5 Definition of Tradeable Employment Shares

We follow Mian and Sufi (2014) in defining the tradeable employment share as the share associated

anrs

with the following sectors: “agriculture, forestry, fishing and hunting,” “mining, quarrying, and
oil and gas extraction,” and manufacturing (SIC sectors A, B and D; and NAICS sectors 11, 21,
and 31-33). The QCEW censors data if there are fewer than three establishments in the industry-
state, or if one firm constitutes more than 80 percent of industry-state employment. 5% of NAICS
3 digit state-by-industry cells are censored, while 10% of SIC 2 digit state-by-industry cells are
censored. If an industry-state observation is missing or censored in a given quarter, we exclude
this observation when we calculate the instrument.

Anthracite mining is discontinued after 1987 in the SIC. We drop this industry. We also drop

observations from California before 1978, due to the exceptionally volatile share of agricultural

employment in California during 1976-1978.
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Figure C.1: Aggregate Non-Shelter Inflation

Note: The figure plots the 12-month non-shelter inflation rate for the US published by the Bureau of Labor
Statistics (official) as well as the corresponding inflation rate using our methods (replication).
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Figure C.2: Effect of Flattening on Aggregate Fit

Note: This figure plots the variation in inflation caused by changes in unemployment working through the
slope of the Phillips curve according to our pre-1990 and post-1990 estimates of «. In both cases we weight
our non-shelter estimates of x with our estimate of x for rents.
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Figure C.3: Aggregate Phillips Curve Excluding Housing

Note: This figure shows the fit of the aggregate Phillips curve for core inflation excluding housing.
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Figure C.4: Fit of the Aggregate Phillips Curve During the Volcker Disinflation

Note: This figure shows the fit of the aggregate Phillips curve for core inflation over the period 1980-1990. The
gray line uses a weighted average of our pre-1990 non-shelter estimate for x and our estimate of  for rents.
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Table C.1: First Stage Regressions with Future Sum of Unemployment and Relative Prices

Lagged Unemployment
Lagged Tradeable Demand

Lagged Relative Price

Lagged Unemployment
Lagged Tradeable Demand
Lagged Relative Price

State Effects
Time Effects

1) () 3) 4)
Panel A: Future Sum of Unemployment
7.029 3.661 5.477
(0.635) (0.474) (0.510)
-4.465
(0.594)
0.181 -0.178 0.259 0.833
(0.160) (0.202) (0.565) (0.516)
Panel B: Future Sum of Relative Price of Non-Tradeables
0.520 1.713 -1.973
(0.889) (0.684) (1.096)
1.011
(1.028)
18.572 16.895 13.081 13.710
(0.194) (0.288) (1.000) (1.283)
v v v
v v

Note: This table presents results for the first stage regressions for our estimation of . In Panel A, the outcome is the
discounted future sum of quarterly state unemployment, in percentage points, truncated at 20 quarters. In Panel B the
outcome is the discounted future sum of the relative price of non-tradeables, in 100 x log points, truncated at 20 quarters.
In the first three columns, the regressors are the fourth lags of unemployment and the relative price of non-tradeables,
in 100 x log points. In the final column, the regressors are the fourth lags of tradeable demand and the relative price of
non-tradeables. Standard errors are reported in parentheses, clustered by state. The fixed effects included for each column
are reported at the bottom of the table. All regressions are unweighted and have 3323 observations.
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Table C.2: Estimates of A from Regression (17)
No Fixed No Time Lagged Tradeable

Effects Effects Unempl.  Demand IV
(1) () 3) 4)
A 0.0010 0.0022 0.0029 0.0020
(0.0001) (0.0002) (0.0009) (0.0007)
State Effects v v v
Time Effects v v

Note: This table presents estimates of ), the coefficient on the present value of relative prices from regression
equation (17). The outcome variable is cumulative non-tradeable inflation over four quarters, measured in
percentage points. The regressors are discounted future sums of quarterly state unemployment, in percentage
points, and the relative price of non-tradeables, in 100 x log points. Each of these is truncated at 20 quarters. In
the first three columns we instrument using the fourth lags of quarterly state unemployment and the relative
price of non-tradeables (this is OLS for ). In the fourth column, we replace lagged unemployment with our
tradeable demand instrument among the instruments. In all columns, we estimate A by two-sample two stage
least squares, and apply the correction to our standard errors from Chodorow-Reich and Wieland (2019). The
sample period is 1978-2018. Standard errors are reported in parentheses, clustered by state. Fixed effects
for each column are reported at the bottom of the table. All regressions are unweighted. The number of
observations is 3323 in the first three columns with slightly fewer in the last column due to differencing.

Table C.3: Estimate of  as Calibrated Value of 8 Varies
8 =0.99 8 =0.95 58 =0.90
@) 2) 3)

K 0.0062 0.0084 0.0116
(0.0025) (0.0033) (0.0046)

State Effects N v v

Time Effects v v v

Note: This table presents estimates of « from regression equation (17), with different calibrated val-
ues of 3. The outcome variable is cumulative non-tradeable inflation over four quarters, measured
in percentage points. The regressors are discounted future sums of quarterly state unemployment, in
percentage points, and the relative price of non-tradeables, in 100 x log points. Both sums are trun-
cated at 20 quarters. In all columns, we estimate x by two-sample two stage least squares, and apply
the correction to our standard errors from Chodorow-Reich and Wieland (2019). We include time
and state fixed effects. The sample period is 1978-2018. Standard errors are reported in parentheses,
clustered by state.
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Table C.4: Estimates of « for Different Truncation Lengths of Discounted Sums
T=10 T =20 T =30 T =40

1) ) (3) (4)

K 0.0100 0.0062 0.0044 0.0051
(0.0038) (0.0025) (0.0019) (0.0021)

State Effects N N N v

Time Effects v v v v

Note: This table presents estimates of « from regression specification (17), for different trunca-
tion lengths of the discounted sums on the right-hand-side. The outcome variable is cumulative
non-tradeable inflation over four quarters, measured in percentage points. The regressors are the
present values of quarterly state unemployment, in percentage points, and the relative price of non-
tradeables, in 100 x log points. We vary to truncation point for these sums between T=10 and t=40
across the columns in the table. We include time and state fixed effects. The sample period is 1978-
2018. Standard errors are reported in parentheses, clustered by state. We use a two sample two stage
least squares regression and apply the correction to our standard errors from Chodorow-Reich and
Wieland (2019).

Table C.5: Slope of the Regional Phillips Curve: Rents

No Fixed
Effects

No Time
Effects

Lagged
Unempl.

1)

(2)

)

Panel A: Estimates of « from equation (17)

. 0.0074
(0.0006)

Panel B: Estimates of 1) from equation (17)

0.0179
(0.0014)

0.0243
(0.0053)

P 0.268 0.356 0.603
(0.041) (0.044) (0.124)

State Effects v v

Time Effects v

Note: The table presents estimates of v, and « for rents. The outcome variable is the state-level
annual rent inflation rate, measured in percentage points from the American Community Survey
for the years 2001 to 2017 that we gathered from IPUMS USA . In Panel A, the regressor of inter-
est is the discounted future sum of annual state unemployment, measured in percentage points. In
Panel B, the regressor of interest is lagged state unemployment, measured in percentage points. We
estimate x by two-sample two stage least squares, and apply the correction to our standard errors
from Chodorow-Reich and Wieland (2019). Standard errors are reported in parentheses and clus-
tered by state. Controls for each column are reported at the bottom of the table. All regressions are
unweighted.
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