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Abstract

The New Keynesian Phillips curve (NKPC) explains inflation through current and
future marginal costs and inflation expectations based on a time-dependent pricing
model. I show that state-dependent menu cost pricing models give rise to a nomi-
nal demand augmented Phillips curve (NDPC), which adds nominal demand as an
additional explanatory variable of inflation. I then estimate the NDPC using cross-
sectional data for U.S. states. My estimates indicate that nominal demand is a signif-
icant determinant of inflation, that nominal demand is not a proxy for real marginal
costs, and that nominal demand cannot be replaced with real demand. Instead, from
an empirical NKPC perspective nominal demand maps into cost-push shocks. My
findings on the role of nominal demand thus offer a new perspective on explaining
inflation during several historical U.S. episodes and across countries. The conclusion

offers some thoughts on policy implications.
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1 Introduction

What explains inflation? The Phillips curve in standard New Keynesian models provides
a concise answer: the current and expected future real marginal cost gaps and long-run
inflation expectations. Real marginal costs, typically measured through the unemployment
rate, are then a sufficient statistic for inflation conditional on long-run expectations. All
shocks affect inflation only through unemployment rates. If current and future unemploy-
ment rates are unaffected by a shock so is the inflation rate. If labor market slack and
the unemployment increase then inflation decreases. And vice versa inflation rises if the
slack and unemployment falls. Within a policy regime with fixed long-run expectations
monetary policy moves the inflation rate only through moving unemployment rates.

U.S. inflation history suggests that the New Keynesian Phillips curve logic cannot ac-
count equally well for all historical episodes. In the second half of the 1960s the U.S.
inflation rate was picking up although the unemployment rate remained quite flat (Panel
(a) of Figure 1) so that the Phillips curve would imply a constant inflation rate. Inflation
expectations only responded sluggishly and can thus be ruled out as a driving force of the
inflation rise (Reis, 2021). The early 1980s were an episode of high inflation rates even after
accounting for long-run inflation expectations and at the same time high unemployment
rates which according to the Phillips curve should imply low inflation rates (Panel (a) of
Figure 1). The high inflation rates and low unemployment rates in 2021 and 2022 point
into the same direction.

At the same time the Phillips curve accounts very well for the co-movement of inflation
and unemployment during the the 1990s and 2000s. In particular there is no missing
inflation and missing disinflation during this period (Hazell et al., 2021), henceforth HHNS.
These authors find the Phillips curve to be quite flat, explaining while the large swings in
unemployment are consistent with the small observed movements in the inflation rate.

This success however masks a dilemma. Whereas a flat Phillips curve is needed to
account for the missing inflation in the late 2010s and the missing disinflation after the
Great Recession, periods with high inflation as the late 1960s, the 1970s, the early 1980s
and 2021/2 would require a steep Phillips curve. A unified explanation of the full US
inflation history thus seems to be a challenge, in particular since HHNS only find a small
decrease in the slope of the Phillips curve at least since the 1980s. The challenge exists
independently of supply or demand shocks driving the economy, simply because large and

small movements in inflation require different slopes of the Phillips curve.
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Figure 1: Inflation, Unemploymént and Nominal Fiscal Transfers

Note - Panel(a): CPI Core Inflation Rate; Unemployment Rate; Growth rate of nominal transfers using
data on Personal Current Transfer Receipts from the BEA (SQINC35) and the estimates from Section 5.
Panel (b): Core Inflation minus 10 year ahead CPI inflation expectation as in HHNS; unemployment rate
multiplied with the slope of the Phillips curve estimated in HHNS; Growth rate of nominal transfers using
data on Personal Current Transfer Receipts from the BEA (SQINC35) and the estimates from Section 5.

Fortunately, both data and existing theoretical work suggest a potential answer to this
challenge: expansionary nominal fiscal policy as an additional determinant of inflation. A
link between fiscal policy and inflation seems evident from a cross-country perspective even
without resorting to the experience of many South American countries (Sargent et al., 2009;
Kehoe and Nicolini, 2021). In the 2010s, Switzerland experienced very low inflation and
unemployment rates whereas both inflation and unemployment rates were high in Turkey.
A relationship between inflation and unemployment which is the opposite of what the
Phillips curve would predict. In the middle of the 1970s inflation in Japan was twice as
high as in Germany although both countries were energy importers and unemployment was
low in Japan. Whereas the Phillips curve logic cannot account for these observations, the
more expansionary fiscal policies in the high inflation countries suggest that a policy based
explanation of inflation is promising to account for the data.

Within the U.S., Romer (2007) describes the dramatic changes of policy views in the
1960s which also led to an expansion of transfer payments, at the same when inflation rates
started to increase after many years of low inflation rates (Panel (a) of Figure 1). Similarly,
the growth rate of nominal transfers increased in the early 1980s (Panel (b) of Figure 1).
While these two episodes suggest a link between fiscal policy and inflation within the U.S.,

empirical evidence is largely missing. This paper aims at filling this gap.



Establishing a theoretical causal link between fiscal transfer payments and inflation has
two aspects. First, incomplete markets break Ricardian equivalence such that nominal fis-
cal transfers affect nominal and real aggregate equilibrium demand even if prices are flexible
(Hagedorn, 2016). Second, state-dependent pricing models imply a nominal demand aug-
mented Phillips curve, where both unemployment and nominal demand are determinants
of the inflation rate. While the literature has largely focused on how state-dependent and
time-dependent pricing affects the slope of the New Keynesian Phillips curve, the impli-
cations for the specification of the Phillips curve have been widely neglected. Based on
the findings on state-dependent pricing models in (Caballero and Engel, 1993, 2007), I
provide several examples to show that inflation has two determinants: Real marginal costs
and nominal demand; that higher nominal demand growth implies higher inflation; that
nominal demand cannot be replaced with real demand; and that real marginal costs and
inflation can be negatively correlated if nominal demand is not taken into account.

The examples also elucidate several theoretical results. State-dependent pricing models
can be mapped into a standard New Keynesian Phillips curve with a positive coefficient
on the real marginal cost gap only under strong distributional assumptions (e.g. Caplin
and Leahy, 1991). The frequency of price changes and the selection effect (e.g. Golosov
and Lucas, 2007), i.e. which prices change, depend on nominal demand and cannot be
written as a function of real marginal costs. Consistent with the evidence in Nakamura and
Steinsson (2008), Nakamura et al. (2018) and Alvarez et al. (2019) the frequency of price
adjustment is increasing in the nominal demand growth rate. Furthermore the connection
between the state and time-dependent pricing models weakens the higher is the inflation
rate, consistent with the results in Alvarez et al. (2017).! Inflation and real marginal costs
are even fully disconnected in the Caplin and Spulber (1987) state-dependent pricing model
due to monetary neutrality. Even though the Caplin and Spulber (1987) model also imposes
strong assumptions, its main lesson carries over to more realistic environments: Nominal
demand is a determinant of inflation in addition to real marginal costs.

This motivates deriving a nominal demand augmented Phillips curve (NDPC) which
adds nominal demand growth as an additional explanatory variable to the standard New

Keynesian Phillips curve (NKPC). Inflation is then determined through marginal costs,

!State-dependent menu-cost models also explain the link between the frequency of price adjustment
and the level and variance of demand (Ball et al., 1988) and why inflation depends on the skewness of the
shock distribution (Ball and Mankiw, 1995). A link between the frequency of price adjustment and the
properties of nominal demand also exists in other models, e.g. in the famous imperfect information model
in Lucas (1972).



nominal demand and inflation expectations.

The empirical analysis provides corroborating evidence for the specification of the
NDPC using US cross-sectional data, building on recent work of HHNS. My empirical im-
plementation uses the US state-level consumer price indices constructed by HHNS instead
of city-level inflation or retail sector inflation as in previous research,? the Bartik-type in-
strument developed in HHNS and conducts panel data regressions with time fixed effects to
absorb aggregate effects including long-run inflation expectations and US monetary policy
as in HHNS.?

But instead of estimating the NKPC as in HHNS, I estimate the NDPC. Consistent with
the theoretical model, estimating the NDPC requires adding state-level transfer payments
to an other wise standard NKPC. The theory also shows that the inflationary effect depends
on how much much an increase in transfers raises demand. This effect is the higher the more
transfers are targeted to households with high marginal propensities to consume. Sending
checks to low-income households has larger effects on demand and thus on inflation than
for example a capital income tax cut. The transfers used in the empirical analysis thus
include unemployment insurance benefits and other income maintenance program payments
targeted to groups of known high marginal propensities to consume.

The theoretical analysis shows that the NKPC and NDPC are not equivalent. The
empirical analysis adds the quantitative importance of nominal demand as a determinant
of regional inflation rates. To convey an idea of the economic significance of the estimates,
the two panels in Figure 1 show the contribution of nominal growth to inflation using the
empirical results in Section 5. The empirical analysis also confirms further theoretical pre-
dictions: Nominal demand cannot be replaced with real demand in the NDPC; nominal
demand is not a proxy for real marginal costs or lagged inflation rates; the estimated coeffi-
cient on marginal costs is biased if nominal demand is not included in the regression. From
an empirical NKPC perspective, nominal demand is an omitted variable and movements
in nominal demand would be interpreted as cost-push shocks. Viewed through this lens,
the large transfers sent out by the U.S. government in response to the Covid-19 disruptions
would map into the cost-push shocks identified as the main driver of the 2021 /22 inflation
in Del Negro et al. (2022).*

2For example Fitzgerald et al. (2014), McLeay and Tenreyro (2020) and Hooper et al. (2019). Beraja
et al. (2019) use regional wage instead of inflation data.

3See Fitzgerald et al. (2014) and McLeay and Tenreyro (2020) among others for the benefits of using
regional data in understanding inflation.

4Complementary theories of cost-push shocks are offered by Rubbo (2020) who shows that a multi-



Section 2 presents a selective review of the literature focused on the implications for
the Phillips curve and derives the nominal demand augmented Phillips curve. The regional
incomplete markets model with state-dependent pricing laid out in Section 3 gives rise to
the regional Phillips curve with nominal demand. Section 4 uses the regional Phillips curve
to derive the empirical specification, describes the data, visualizes the relationship between
nominal demand and inflation and explains the identifying approach. Section 5 shows the

empirical results. Section 6 concludes.

2 Inflation, Nominal Demand and the Phillips Curve

The aim of this Section is understanding the role of nominal demand as an additional
determinant of the inflation rate in line with the empirical findings in Section 5. To this end,
I derive a nominal demand augmented Phillips curve (NDPC) which shows that marginal
costs and nominal demand jointly determine the inflation rate.

The New Keynesian Phillips curve (NKPC) explains inflation through marginal cost and
inflation expectations. Section 2.2 presents several examples motivated by findings of the
literature on state-dependent pricing, to show why the NKPC needs to be augmented with
a nominal demand component. These examples show that real marginal costs and inflation
can be negatively related in state-dependent pricing models whereas they are positively
related in Calvo models. The examples also illustrate the role of nominal demand as a
determinant of inflation and that nominal demand cannot be replaced with real demand.
From an empirical perspective state-dependent pricing models could induce an omitted
variable - nominal demand - bias for standard Phillips curves, implying a bias or the wrong
sign for the coefficient on marginal costs. These arguments also suggest that nominal
demand resembles a cost-push shock and I explain in Sectionb under which conditions this
is the case. Before turning to the examples in Section 2.2, I first lay out a state-dependent

pricing model in Section 2.1.

sector model generates endogenous cost-push shocks and Stroebel and Vavra (2019) who find that markups,
which rise with house prices, are a potential micro-foundation of cost-push shocks.



2.1 Price Setting Model
2.1.1 Demand

Period t aggregate household nominal demand is D, which in this Section is taken as
given. The full model in Section 3 integrates HHNS, (Bilbiie, 2008, 2017, 2019), nominal
fiscal policy and state dependent pricing so that nominal demand is a meaningful and
endogenous object. Households consume differentiated goods ¢;(7) at a price p;(i) indexed
by i € [0, 1]. I assume that the composite consumption C; is a Dixit-Stiglitz aggregator of
these differentiated goods,

C = {/Olct(i)il]ﬁil.

Each period the household chooses ¢;i to maximize C; taking the aggregate spending

Dy - /O (i

as given. This requires that household demand for each good i is
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is the price index and total nominal expenditures satisfies

1
Dt = PtCt = / pt(l)ct(Z)dZ,
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2.1.2 Firms

There is a measure one continuum of firms indexed by i € [0, 1] producing differentiated

goods. A firm i [0, 1] with price p;(i) faces demand
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The nominal cost of producing y;(7) units of real output is

where M C} is real marginal costs, which only depend on real aggregate demand D;/P; and

® To focus on aggreate demand, idiosyncratic or aggregate

are thus common to all firms.
productivity shocks are absent and changes in aggregate demand is the only driver of price
adjustment decisions.

Firms have to hire y units of labor in the labor market (or other inputs). The aggregate
supply curve for this input good leads to a cost function C(Y') where Y is aggregate real
output. The Period ¢t nominal profit of firm ¢ with price p; equals

Dy
U (ps, P, D) := pey(pe, Pr, Dy) — PtMCt(F)yQ?ta Py, Dy).

t

2.1.3 Price Settting

Each firm inherits a price p;_1(i) from the previous period but can set a new price at a
fixed i.i.d. idiosyncratic adjustment cost £ drawn from the distribution Y, where Y(x) =
Prob(§ < x) is the probability that the adjustment cost £ is less or equal to . The dis-
tribution Y is not necessarily continuous and can have mass points. The firm’s pricing
problem can be written recursively. Let V7 (p;, P, D;) be the Period t value function after
price adjustment and V7 (p;_1, P, D;) be the Period ¢ value function before price adjust-
ment. Then V7 is equal to current profits plus the expected discounted future profit stream

captured through V/:
VI(ps, P, Dy) = T(py, Pr, Dy) + BE:V (pt, Prt1, Diya)- (2)
A firm’s optimal Period ¢ price p; maximizes V7,

p; = argmax VY (p, P, D). (3)
P

5This holds in the full model since the real marginal cost equals the real wage, and all firms use the
identical linear (in labor) production function.



The price adjustment decision then amounts to comparing the value at the optimal price

minus adjustment costs and the value at the inherited price without adjustment costs:
Vf(ptfl, P, Dy) = maX{Vf(pZ‘, P, Dy) — Pg, Vf(pt,h Py, Dy)}. (4)

If prices were flexible, firms would follow the standard pricing rule

D
pi =M P, MC,()
t
with a mark-up M = —. I normalize MC}(1) = ﬁ so that p; = P, in a steady state with

-Pt:-Dt-

2.1.4 Price Dynamics

b

B SO that using the definition of the price

The gross inflation rate is defined as II; =

index in equation (1) yields
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Following Caballero and Engel (2007) define Ay (p;—1(), P, D;) as firm ¢’'s Period ¢ probabil-
ity of adjusting its price p;_1(i) prior to knowing its fixed adjustment cost £. The aggregate

price dynamics is then described by
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2.2 Nominal Demand, Marginal Costs and Inflation: Examples

This Section provides several examples of the non-linear price setting model to illustrate

that

Inflation has two determinants: Real marginal costs and nominal demand.

Higher nominal demand growth implies higher inflation.

Real marginal costs and inflation can be negatively correlated.

Nominal demand cannot be replaced with real demand.

Many arguments in this Section are known (to the experts in the fields), rendering this
Section to some degree a selective literature review, but here with a new focus on the
implications of state dependent pricing for the Phillips curve.

Several of my arguments can be already illustrated in a one-period version of the model
where the current Period ¢ is the last period of this economy. In the first two examples each
firm decides whether to pay the fixed cost and set a new price for the current last period or
whether it does not pay the fixed cost and keeps last period’s price. All firms face the same
fixed cost of price adjustment. Before Period ¢ the economy is in a zero inflation steady
state with zero nominal demand growth, gp = 0. In Period ¢ nominal demand growth gp
increases unexpectedly (M.L.T. shock). The distribution of Period ¢ — 1 prices is uniform
but the second example adds a mass point to the lower bound of the price distribution.

In the first example shown in panel (a) of Figure 2, inflation is an increasing function
of nominal demand growth. If the demand impulse is larger than gp = 4.8%, all firms
adjust their prices and we obtain the flexible price outcome in which inflation adjusts one-
for-one with nominal demand and real demand remains unchanged. For demand increases
less than gp inflation increases less than nominal demand and real demand is elevated.
However, real output and marginal costs are a hump-shaped function of nominal demand.
Increasing in the left half but decreasing in the right half, implying that inflation cannot be
written as a function of real demand but only of nominal demand. In particular inflation
cannot be explained only through real marginal cost. For example comparing a ¢” = 3%
and a gP = 4% scenario shows that inflation and marginal costs can be negatively related.
Inflation is higher in the latter than first scenario (3.8% vs. 2.6%) but the marginal cost
gap is lower in the latter scenario (0.32% vs. 0.65%). On the other hand both inflation and
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Figure 2: One-Period Examplé: Inflation and Marginal Costs

Note - The figures show the response of inflation and the marginal cost gap to an unexpected nominal
demand growth rate M.I.T. shock gp. Both figures use ¢ = 5, the aggregate real output elasticity of real
marginal costs equals 2 and all firms face the same adjustment costs, which implies no price adjustment in
the zero inflation, gp = 0, steady state without gp shocks. Panel (a) assumes a uniform distribution for
initial prices and panel (b) adds a mass point to the left tail.

marginal costs are higher for gp = 2% than for gp = 1%, showing a positive relationship
for low inflation rates.

As already noted for example by Dotsey et al. (1999) and Caballero and Engel (2007)
the response to nominal demand innovations depends on the price distribution. The second
example in panel (b) of Figure 2 demonstrates that this dependency on the price distribution
also prevents a clear and simple relationship between inflation and real marginal costs. The
mass point of prices close to the left of the adjustment band implies that for small shocks
no firm adjusts as in Alvarez et al. (2017) but for larger shocks all firms at the mass point
adjust such that the price level increases more than nominal demand and real output and
real marginal cost fall. Again inflation and real marginal costs move in opposite directions.
Simple modifications of the example can be added so that marginal costs can even fall to
negative values while inflation is positive and increasing at the same time.

Alvarez et al. (2017) find that the inflation response in state-dependent models is non-
linear in contrast to time-dependent models. A small change in nominal demand has a zero
effect on inflation while the response to large shocks is (locally) convex and shocks above
a certain size display full price flexibility. The examples show that these properties do not

necessarily carry over to my framework since I allow for example for mass points in the
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distribution of prices and do not assume a steady-state distribution of prices.

The differences between the Calvo model and state-dependent models become even more
evident in the infinite horizon case which allows considering the Caplin and Spulber (1987)
model and permanent shocks to the level and the growth rate of nominal demand. Maybe
unsurprisingly, allowing for growth rate shocks moves the model closer to the Caplin and
Spulber (1987) environment and further away from the Calvo model.

For a permanent shock to the level of nominal demand, the experiment considered
in Alvarez et al. (2017), the conclusions from the one-period example carry over to this
infinite horizon examples. In particular, it is nominal and not real demand determining
inflation. Likewise, the inflation response depends on the persistency of the nominal de-
mand innovation as shown by Dotsey et al. (1999). In terms of the empirical approach the
infinite horizon example thus adds another reason for why there is not one deep number
describing the effect of nominal demand on inflation. This number not only depends on
the distribution of prices but also on the persistency of nominal demand.

The distributional assumptions in Caplin and Spulber (1987) ensure a steady state
with a constant inflation rate equal to the growth rate of nominal demand and real output
is at its flexible price level. Since the inflation rate, nominal demand growth and real
output are constant in a steady state this result extends to all state-dependent pricing
models with idiosyncratic productivity shocks. Real activity is unrelated to the inflation
rate. However, Caballero and Engel (2007) show that the neutrality result in Caplin and
Spulber (1987) hinges on their distributional assumption which ensures that the inflation
response to nominal demand innovations is time-invariant. Nominal demand grows at a
constant rate gp and so do prices. Any deviation from this distributional assumption adds
a time-varying inflation rate. Since the inflation rate has to be equal to gp on average,
periods with inflation rates less than gp and thus high real output will be followed by
periods with inflation rates above gp and low real activity as the next example illustrates,
a non-surprising finding given the Average Neutrality Result in Caballero and Engel (1993).

Panel (a) of Figure 3 considers a permanent growth rate shock to nominal demand to
illustrate two points. First, consistent with Figure 2 in Caballero and Engel (2007), that
different assumptions on the distribution and adjustment costs can lead to a time-varying
inflation rate although nominal demand grows at a constant rate. Marginal costs (gaps) are
negatively correlated with inflation. Marginal costs are negative when inflation is high, and
positive when inflation is negative, establishing again that marginal costs and inflation are

not necessarily positively related and marginal costs are thus not a sufficient statistic for
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Figure 3: Inflation and Marginal Costs

Note - The figures show the response of the price level and marginal cost gaps to an unexpected permanent
nominal demand growth rate M.I.T. shock gp. Both figures use ¢ = 8, the aggregate real output elasticity
of real marginal costs equals 1 and all firms face the same adjustment costs and charge the same price in
a symmetric equilibrium. Before the shock in period 1 there is no price adjustment in the zero inflation,
gp = 0, steady state. Panel (a) considers a permanent gp = 2% shock and (b) adds cyclical demand growth
with gp alternating between 1% and 3%.

inflation. Second that the transition to a new steady state involves an adjustment, here one
period, where real marginal costs increase significantly although inflation is still zero as in
the old steady state and so below the new long-run level. As pointed out by Caballero and
Engel (2007) this example describes quite general model properties. Output is on average
but not always at the flexible price level. Sometimes it is above and sometimes it is below
the flexible price level. Correspondingly the price level is sometimes above and sometimes
below the nominal demand line, requiring that the price curve cuts the nominal demand
line from below at some points in time so that the slope of the price line - the inflation rate
- is higher than the growth rate of nominal demand. In other words at this point in time
real marginal costs are below average while inflation is above average.

To understand why this reasoning depends on a positive nominal demand growth rate
and does not extend to the zero inflation case it is instructive to recall the working of the
Caplin and Spulber (1987) and Caballero and Engel (2007) results using discrete instead
of continuous time. In each period ¢ only a fraction of firms with the lowest prices adjust
their prices upwards by N * gp and then remains inactive until period ¢t + N. The large

adjustment of prices by N * gp arises for two reasons. First, adjusting firms have to catch-
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up since they did not adjust for N periods and the price level has been growing at rate gp
during this non-adjustment period. Second, preemptive price increases are necessary since
the adjusting firm will not adjust the prices before period ¢ + N while the price level will
grow at rate gp per period. Obviously, both these reasons are absent if gp = 0. There is
no catch-up and no preemptive price-setting since changes in aggregate conditions is the
only reason for adjustment and aggregate conditions are constant. In particular inflation
is constant and equal to zero in a gp = 0 steady state.

The arguments extend to a model with cyclical growth in nominal demand as panel (b)
of Figure 3 shows. Again real marginal costs and the discounted sum of marginal costs are

negatively correlated with inflation.

2.3 Nominal Demand Augmented Phillips Curve

Although the non-linearity of inflation matters as the previous examples illustrate, I con-
sider now log-linearized prices dynamics to ease comparison with the New Keynesian
Phillips curve. I proceed in two steps to better convey the intuition for why higher nominal
demand growth implies higher inflation. First, I consider a model where Period ¢ is the
last period of this economy so that firms face a static and not a dynamic problem and

afterwards I move to the infinite horizon. Log-linearizing equation (5) yields:

- - ! . ) "1 —]515—1(2')176 AN .
Ty = (pt — Pt—l) A A(pt_l(l), Pt—lu Dt_1>dl + ; TA(l)dl, (6)
A =6

where a variable with a hat denotes its percentage deviation from steady state, p;_1(7) =
ptl;t—i(f) and A and ¢ depend on the distribution of period ¢t —1 prices p;_;(i). To be consistent
with the steady-state analysis in the infinite horizon model below I assume that II, =
1if Dy = Dy, P..y = D;q and p; | = P,_1, so that p; is the log deviation of the
optimal Period ¢ price due to changed demand conditions and A(7) = A(p,_1(4), Py, D) —
A(pe—1(7), Pi—1, Dy—1) is the change in the adjustment probability of firm i due to a change

in the price level and nominal demand. The optimal price

Ak a ~ A a
Dy — Py = me, + P, — Py,
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implying
Wt:(MCt+Pt—pt_1)A+¢ (7)

and thus solving for inflation 7, yields:

A 1
Ty = ﬁmct + ﬁ(ﬁ (8)

Using arguments similar to Caballero and Engel (2007) shows that ¢ is increasing in the
growth rate of nominal demand, AD, = log(D;) —log(D;_1), and decreasing in the inflation
rate, m; = APt = log(Pt) - log(Pt—1>7

¢ =" AD, + 9" AP, (9)
with ¢? > 0 and ¢ < 0 if the output elasticity of marginal costs

emcoyyy = max{p,1+ (e —1)(1 —p)}

for a Period ¢t — 1 price distribution within the interval []_9 -p*,p-p*].® The basic reason for
¢P > 0 is similar to Caballero and Engel (2007) under the assumptions on e Mo(v),y heeded
to rule out equilibrium multiplicity in my richer environment. If firm ¢'s previous period’s
price is below the optimal price, p;_1(i) < 1 then this firm wants to adjust upwards and
the adjustment probability increases in response to a nominal demand expansion, implying
that

il S 10k VA
1—e¢ —~—~

—— 0
>0

In other words, firms with too low prices relative to the optimal one are more likely to
increase their price.

If firm ¢'s previous period’s price is above the optimal price, p;_1(7) > 1 then this firm

5The condition on marginal costs is sufficient to rule out coordination equilibria where firms set a price
just because all other firms do so. Such a coordination equilibrium is more likely if € is large or firms have
extreme markups and thus large incentives to adjust their prices. A sufficiently steep margin cost curve
rules this out. For example if [p - p*,p - p*] = [p*/M, Mp*| then the condition reads

1
> max{1 + —, M}.
enc(y),y = max{l+ M }
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wants to adjust its price downwards and the adjustment probability decreases in response

to a nominal demand expansion, implying that

1 = _ \1—e .
L=l A@) >0
1—¢ ~—
<0 <0

is again positive. In other words, firms with too high prices relative to the optimal one are
now less likely to decrease their price since the nominal expansion pushes towards price

increases. Using (9) in (7) yields
Ty = (ﬂict + Wt)/_\ + &DADt + épﬂt,

and solving the fixed point problem for the inflation rate 7:

]\ ~
T = = nict + L ADt, (10)
1—A—dp 1—A—o¢p
— —
¢ =:9D

where 5 >0 and oL > 0.

Equations (8) and (10) show that inflation has two determinants, real marginal costs
as in New Keynesian models with Calvo pricing and in addition nominal demand. The
coefficients on both determinants are non-negative but can equal zero for small changes in
nominal demandas the examples in Section 2.2 illustrate. The average effects, for example

obtained in a regression including larger changes in nominal demand, are positive though:

m o= ( mc+ P AD,. (11)
>0 >0

One implication is that one of the two variables is not sufficient to explain the inflation rate.
Both marginal costs and nominal demand are needed. The magnitude of the coefficients
depends for example on the magnitude of shocks and the distribution of prices. No theorem
can be formulated that shows that mc; and AD, have the sign. As the examples in Section
2.2 show, it can very well be that both determinants and inflation move in the same direction
-m >0, mc; > 0 and AD; > 0 - but this is not a general result.

To extend the analysis to an infinite horizon, note that equation (6) for the inflation
rate is still valid in an infinite horizon model. But the optimal price setting is different

since expected future marginal costs now have to be taken into account. Following Dotsey
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et al. (1999) to derive the optimal price,

(p; — Pm1) = EE Y B*Nea[micir + (P — Poy)), (12)
k=0

where ), ¢ is the probability of not changing the price until period t+k and = = 7

1
250 B Ak,
Using this in equation (6) and further rearranging terms yields

m(1— N =(AS)E Y frnicy + o+ BME Y B b,
k=0 k=1

J/

-~

‘P

where a time index is added to ¢;,; to make the dependence on the t+k—1 price distribution

explicit. Dividing by 1 — A yields the inflation rate

AZ) L ks ®
Ty = g-_[iEth;ﬁkmCt+k+ 1_t]\

The previous analysis carries over to the infinite horizon model and shows that ®; is in-
creasing in AD; and decreasing in 7;. The extensive adjustment margin ®; depends on the
full history of demand innovations, AD;, AD; 1, AD; _»,... since these shocks determine
both the current price adjustment and past price adjustments and thus the current distri-
bution of prices which as we have seen above affect the current inflation response. Current
and future expected price adjustments also depend on the expectations of future demand
innovations, which have to be based on Period ¢ information which can be summarized

through the full history of demand innovations. We therefore obtain:

mo= (B Y Bmici + OHAD, + Y ®HAD, (13)
k=0 k=1

with ®% > 0. An increase in nominal demand by z percent eventually results in an x

percent incresae in the price level, implying that
> ooh =1 (14)
k=0

Motivated by the approach in Hazell et al. (2021) we can decompose the nominal demand

"Calvo pricing would simplify A\, ; = 0¥ and = = 1— 36 where 1—6 is the Calvo probability of adjusting
the price.
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variation in a transitory and a long-run component. Let g, = FE;lims ., AD, be the
expected long run growth rate of nominal demand which in the absence of real growth
equals the expected long-run inflation rate:

Too = By lim 7y = g0 = By lim ADy.
S$—00 5§—00

The transitory component then equals AD; — g.,. Using these definitions and equation

(14) T can rewrite equation (13) as:

o= CE Zﬁknich + OB (AD; — goo) + Z ‘b]B(ADt—k — Yoo) + Toc- (15)
k=0 k=1

3 Regional Inflation and Nominal Demand

This Section combines the open economy model of HHNS with the two agent incomplete
markets model of (Bilbiie, 2019), the state-dependent pricing model in Section 2 and adds
nominal government transfers. Building on the price level determinacy results in Hagedorn
(2016), I show that incomplete markets and nominal transfers ensure that real and nominal
aggregate demand are functions (not correspondences) of the price level. I then derive a
regional version of the augmented Phillips curve developed in Section 2.3, which will be
used in the empirical analysis using US state-level data. As emphazised in HHNS, using
regional data allows for adding time fixed effects which control for various aggregate effects

including long-run inflation expectations.

3.1 The Model of Regional Inflation Rates and Fiscal Policy

The economy consists of two countries, (H)ome and (F)oreign, which form a monetary and
fiscal union. Each country has a population of one which consists of two type of agents,
savers and hand-to-mouth households. Firms behavior is as described in Section 2. All
model ingredients such as preferences, production etc. except fiscal policy are identical in

the two regions.

3.1.1 Households

Following (Bilbiie, 2019) a household ¢ can be of two types s; € {S, HtM}, who differ in

their access to financial markets. A fraction €2 is hand-to-mouth (s = HtM) and the mass of
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savers (s=S) is 1 — Q. Types change exogenously according to the transition matrix w; ¢, so
that wg g is the probability to stay a saver, wg g is the probability for a saver to become
HtM, wrar,s the probability to switch from HtM to S and wgar aeas is the probability to
stay HtM, so that for the stationary distribution €2 =

1-wg s

2—ws,s—WHtM,HtM
Both types derive instantaneous utility

u(C) — v(N)

from a composite consumption good C' and labor N and discount the future at rate f.
The Period ¢t composite consumption good for type s in the home country, Cj;,, aggregates

non-tradabale consumption C%;} and tradable consumption C%:

s ! s, T s,N ﬁ
Hi = (MT(CHt) ? +MN(CHt) ? ;

Cs JTH

where the tradable consumption aggregates tradables produced at home, , and foreign

produced tradable goods, C";{ZF,

P
-1 -1 —1
iy = (7 (M + =) (C )

where for simplicity the steady-state expenditure share on home and foreign tradables is

= 1/2 such that the countries are symmetric and there is no home bias in tradable
consumption. The steady-state expenditure shares on non-tradable and tradable consump-
tion are puxn and pr respectively. The elasticity of substitution between tradabales and
non-tradables and between home and foreign tradables is p.

Non-tradable consumption C’IS{]X is in turn an index given by

P
edj> ,

where Cfljtv( j) is non-tradable consumption of variety j whch sells at a price P}, (j). The

o = ([ o

parameter € is the elasticity of substitution between the different varieties.

.. . TH TF o
Similarly for tradable consumption, C5," and C5;," are indices
) Ht H,t )

s = </0 (O (7)) dy)é Coiy " = </0 (Crry " ()’ dj)
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where Cfle(j> is tradable consumption produced at home of variety j and C%}?F(j) is
tradable consumption produced abroad of variety j. The elasticity of substitution is again
€. The prices of the home and foreign produced tradable varieties are Py ,(j) and Pf,(j).

The HtM households are excluded from financial markets, they can neither save nor get

a credit.® HtM households thus maximize utility subject to the budget constraints

N ~HtM,N T ~HtMTH T ~HtM,TF
P H,tCH,t + P H,tCH,t + P F,tCH,t

= WaaNyi" + TgftM’N + Tg,ttM’T +Ti™ + (14 i) Buy,

. . . . . HtM.N .
where Wy, is the nominal wage, NFM is hours, TH™ > 0 is a nominal transfer, Tp,, " is
HEM,T

the nominal profit of the non-tradable sector and T ;""" is nominal profit of the tradable
sector producing at home accruing to HtM households and BH,t is the bonds acquired by
a Period t — 1 saver who becomes a Period ¢ HtM household. The price indices of home
non-tradable and home and foreign tradable goods are Py, P}, and Pf,.”

A saver can acquire bonds By such that their Period ¢ budget constraint equals

N ~S,N T ~STH T ~STF
PH,tCH,t + PH,tCH,t + PF,tCH,t + BH,t+1

= XWu; N, + Y58 + Y55 + T, + (1 + i) B I,

where y > 1 is the productivity of savers and Z; = 1 if the household was also a Period
t—1 saver and Z; = 0 otherwise. Savers are the high-income households so that becoming a
HtM household is a negative income shock which leads to a binding credit constraint. Note
that the amount of bonds carried to Period t could be individual specific but I simplify
the notation and drop this dependence. The nominal transfer to savers Tg’t < 0 and TZ]X
is the nominal profit of the non-tradable sector and Tzf is nominal profit of the tradable
sector producing at home accruing to savers. Savers in both countries do not face credit
constraints, enabling trade in bonds between home and foreign savers. Since both regions

are fully symmetric and I assume a zero net supply of bonds, all households hold zero assets

8If HtM households are the low income households, then imposing a credit constraint instead of a full
exclusion from financial markets is sufficient since there is no desire to save anyway.
9The price indices PI]}” o P]?{,t and P;t are given by

1

Py, = (/Ol(pgt(j))l—ﬂdj)llp , Pl = (/Ol(Pgt(j))l—de)llp , Phy = (Al(Pgt(j))l_pdj>lp .

19



in a steady state.!”

Using the price index
_1
Pry = (pun(Piy)' ™" + prr(Py)' ™0 + prm(Pry ) =7) 77

for the composite home good allows rewriting households maximization problem in terms

of the composite good. HtM households maximize utility subject to the budget constraint
PO = Wiy NN+ T - 0t 4 T + (1) By,
so that their consumption equals

HtM,N HtM,T NS,
CHtM . WH,tN[IiiM + TH,t + TH,t + TI}}I;M + (1 + Zt)BH,t

Hi =
’ Py

The saver maximization problem can be written recursively
Vii(Bip) = max —u(Cy) — v(Ny) + BlwssVii (BR)) +wsmaru(Cy™)") — v((N) )]}
CE>0,(BF) >0
subj. to PyCy + (BY) = (14 1)ByT + xWuNsy + YN + Y57 + 15
No Ponzi condition,

Transition matrix w.

The foreign household sector is symmetric and thus not described in detail.

Wage Setting and Regional Labor Market Labor is fully mobile within a region but
immobile across regions. To take type heterogeneity into account I follow Hagedorn et al.
(2017) and assume that in each country a middlemen (for example a union) assigns the
same amount of labor to both types N, = Nft*™ = Ny, and sets the wage per efficiency

unit as a weighted average of marginal rates of substitution,

U/(NH,t)

/ v'(N. ;
’ :u<c}3t) ( Ht) Ul(cgiM)

Pr ’ u’(Cth)

+ ' (CHM) = V' (Nuy).

This approach ensures the same labor supply curve as in the representative agent model in

HHNS so that regional labor supply is the only regional variable affecting regional marginal

ONote that this is a steady-state result and that outside steady states savers might hold positive or
negative amount of assets. While one can impose conditions to ensure zero asset holdings outside steady
states, the results in this paper do not require this property.
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costs.

3.1.2 Firms

The firms in the non-tradable and tradable sector operate as described in the price setting
model in Section 2.1, which took nominal demand as given. I therefore first use the results
from the previous section to derive the nominal demand for home and foreign non-tradables
and tradables.

Sectoral and Regional Demand

The aggregate nominal demand of home households is the sum of the demand of savers

and HtM households located in the home region:
Dige = (1= Q) (x\WireNagg + Ty + T, ) + (Wi Ny + THM + THM) - (16)

. S . S
+ (1+ Zt)/ B i _/ Bis1
St—1,i=5 5¢,i=95
HtM
Hit

where Bfm +1, 1s bonds acquired by household ¢ in Period ¢ and TIS_M and 155" are all

nominal profits accruing to savers and HtM households respectively. Similarly for foreign
households

Dre = (1= Q) (XWreNpo + T, + T8, ) + QWi Ney + THM + THM) - (17)

+ (1+i) / Bidi = / B i
st—1,i=5 st,i=8

Household optimization implies that the nominal demand for home and foreign non-tradables

equals
PN \1-p PN\ 1-p
Dg,t = UN <ﬂ> DH,t; D%t = MN(L> DF,t> (18)
Py Pry
and the nominal demand for home produced tradables
PL \1-p PL \1-p
DF = it (ﬂ> Dpy + <ﬂ) Dy ¢, (19)
Py Pry
and for foreign produced tradables
PL\1-p PE\1-p
DI =yt <ﬂ) Dy, + <ﬂ> Dpy ¢ (20)
Py Pry
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Non-tradable Good Producers

There is a measure one of firms in the home non-tradable sector indexed by j € [0, 1]
facing the same price setting problem laid out in Section 2.1. Household optimization

implies that a firm j € [0, 1] with price PJ{}{ .(j) for variety j faces demand

Pg,t(.j))_ﬁ Dg,t

i) = (“px) By (21)

and uses the linear production function in effective labor N I]{V (),
Yira(j) = Nia (),
so that the nominal cost of producing Y3',(j) units of real output is
WH,tYéYt (4)
and the Period ¢t nominal profit equals
Lot (P (5), Prry Digy) = (Pipy(5) = W) Yig, (3).
The Period t value function after price adjustment
Vird(Piro(5), Py D) = Ui (P (5), Parw Di) + BEVi 1 (P (5), Pavyrs Digga),

where VY, (P ,(j), Pily, Dij,) is the Period ¢ + 1 value function before price adjustment.
The optimal Period t price (Py,)* of a firm in the home non-tradable sector maximizes

(/N
VH,ta

(P}}it)* = argmax Vlf]\;.
PY ()

The price adjustment decision then amounts to comparing the value at the optimal price
minus nominal adjustment costs, P]J{\i ,£, and the value at the inherited price without ad-

justment costs:

Vé\{t-i-l(PI]—IV,t(j): Plji\'[,t—&—l? Dg,t—',—l) = maX{VI{I\,{t((PIJ}Ct(j))*a Pf}it, Dg,t) - PIJ:[V,tgv Vé\{t<PI]—I\f,t—1(j)7 PI]—IV,tv Dg,t)}'

Tradable Good Producers
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The price setting of firms in the tradable sector is also analogous to the non-tradable
sector. Household optimiztion implies that firm j € [0, 1] with price Py, (j) faces demand

for variety j:

Pg,t(j)>_eD17;I,t

Vi) = (“pr=) pr (22)

The production function of firm j is linear in effective labor Ngt( 7),
Yii(d) = Nig, (),
marginal costs equals WH,tYE .(7) and the Period ¢ nominal profit equals
e (Pra(3): it D) = (Pra(3) = W) Vg (3)-
The Period t value function for the tradable firm after price adjustment satisfies

Vi t(Pity(3): Pii s D) = T (Pii (3, Prrgs Digg) + BEVig 442 (P (3, Prgn D)

where Vi (P}, (7), Py, Df;,) is the Period t 4 1 value function before price adjustment.

The optimal Period ¢ price

(Pg}t)* = argmax V;t.
P L()

The price adjustment decision then amounts to comparing the value at the optimal price
minus nominal adjustment costs, Pg,tf , and the value at the inherited price without ad-

justment costs:

VIZT—:tJrl (Pg,t(])v Pg,t+17 D27t+1) = maX{VP{t((Pg,t)*a Pg,t? Dg,t) - PI-JXt57 VP{t(Pg,t71<j)7 Pg,w Djl—},t>}
The foreign production sectors are symmetric and thus not described in detail.

3.1.3 Fiscal and Monetary Policy

The specification of monetary and fiscal policy differs from most previous work which builds
on a representative agent for the whole economy or for each region (for example HHNS).
Monetary policy sets the nominal interest for the whole economy so that both regions are

subject to the same monetary policy. Since the nominal interest rate “differences-out” in
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the cross-sectional empirical analysis, the shape of the aggregate interest rate rule would
only affect aggregate variables but not the difference between regions, the relevant variable
in the empirical analysis. I therefore assume for simplicity that the nominal interest rate
is constant:

l+ip=14+¢>1.

Typically, researchers assume that the interest rate rule has to satisfy the Taylor principle
to ensure local determinacy, but Hagedorn (2016, 2020) show that such a restrictive spec-
ification is not necessary in incomplete markets under assumptions on fiscal policy which
are satisfied here.

In contrast to many standard approaches and HHNS, fiscal policy, albeit its parsimo-
nious specification, has a significant role here. The net supply of government bonds and
government spending are zero, and fiscal policy is restricted to paying nominal transfers,

which have to satisfy the budget constraints
(1=Q)T5, +QTFM+ (1 - )T, + QTH™M = 0. (23)

Note that this specification allows for cross-regional transfers and does not require a bal-

anced budget for each region.

3.1.4 Equilibrium

In a competitive equilibrium households maximize utility taking prices and policy as given,
firms maximize profits taking aggregate prices and policies as given, wages are set by

middlemen, the government budget constraint (23) holds and all markets clear:

1. (1 Q)C’fliv + QC’HtMN =Yy, = % [Home Non-tradable goods]

2. (1-Q)Cy +QCiMY = v = % [Foreign Non-tradable goods|

3. (1— Q)[Cs Lo TH]+Q[C'HtM TH C'HtM TH) = Yi, = l;;i’”: [Home tradable goods|
4. (1- Q)[C’flr‘th CgtTF]JrQ[C’HtM . Cng’TF] =Yy, = % [Foreign tradable goods]

5 [ Nj()dj + [ N, (5)dj = (1 = Q)x + Q)Ny,  [Home labor market]

SR

S NE,()dj + [ NE(G)dj = (1 = Q)x + Q)Ngy  [Foreign labor market]
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7. fst,izs By y1di + fsm:S Bf,,1:di =0  [Bond market]

In a symmetric steady state all time indices are dropped and fiscal transfers satisfy

TgtM o FI‘{tM — T
b —Are =4
Q

Ty, =T, =——-=T

H,t F,t 1 _ Q )
and all agents ¢ hold zero bonds B}?M = B*;’i = 0. Following HHNS I define unemployment
in country H and F' simply as ug; = 1 — Ny, and upy = 1 — Np, so that to first-order

aH,t = _NHJ and ﬁF7t = —NFJ.

In incomplete markets models precautionary savings drives a wedge between the steady-

state interest rates in complete and incomplete markets,
1+i<1/8.

To ensure existence of a steady state for all interest rates 1 +¢ > 1, I assume that precau-

tionary savings demand is sufficiently strong, requiring a high enough x:

u,(NH,ss) > 1— ﬁ

WS,HtM(u,<XNH7SS) —1) 7 (24)

where Ny 4 is steady-state labor supply.!!

While a general equilibrium analysis of an economy in real terms delivers all relative
prices, it requires a normalization of one price. Instead price level determinacy does not
impose a normalization but links the price to fundamentals. A full determinacy analy-
sis of incomplete markets models can be found in (Bilbiie, 2019; Hagedorn, 2016, 2020).
It is however instructive to briefly convey the basics to understand why and how fiscal
transfers determine and move the inflation rate. To establish steady-state price level de-
terminacy it would be sufficient to show determinacy of any of the steady-state price levels
PIJ_X s Pgss, Pg’ss,PE’ss using one of the market clearing conditions 1-4. In a symmetric
steady-state it is however more informative to show how the steady-state price index of
home consumers, Py s, is determined since all relative prices are equal to one.

The steady-state price level Py s simply equates demand and supply,

= Y.+ +

2 2 YI{I\jss + Yl?,ss = ((1 - Q)X + Q)NH,SS' (25>

HFor u() = log() this condition is equivalent to y — 1 > 5(117;&28)
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where home households consume half of both home and foreign tradables in a symmetric

Yx YE
steady state, =5 = ~5=

In equilibrium total profits in the home region Yy 5o = (P ss— Whss) (1 =) X+Q) N 55
and By, = 0 for all households so that ?g—::: = (1 -Q)x+ Q)Npgss and (25) clearly
holds. However, there is only one price level Pp ¢, which constitutes an equilibrium as it
implies that households do not save, Bz,ss,i = 0, or equivalently that their demand equals
supply. For all other price levels B?},ss,i would be either strictly positive or negative. The
consumption Euler equation of the saver describes the saving behavior and can thus be

used to determine the price level. Following (Werning, 2015) and assuming for simplicity

S _ X HtM __ 1 .
Y5 e = o Thes and T S ST

(1-Q)x+0 Hyss = (I-Q)x+9Q
T SS
u' (XNp,ss — PH’ ) =u'(Ch )
H,ss
= B(1+i)(ws,st' (Chres) + ws,menv' (Chiy)) (26)
. T SS T SS
= /8(]- + Z) (wS,Su/(XNH,ss - 1, ) + wS,HtMu/(NH,ss + 1, ))7
PH,ss PH,ss
which is equivalent to
. / TH,SS . / TH735
(1= B+ dws,s)u' (XNp,ss — ) = B+ d)ws mem' (N ss + )- (27)
PH Ss PH,ss

To see that this equation holds for one price level Py ss note that the LHS converges to

infinity if the price approaches a level where XNy o5 — 2’;2 = 0. On the other hand (24)
implies that RHS > LHS if the price converges to infinity, implying that an intermediate
value solves the equation. The solution is unique since the RHS is increasing in Pp s; and
the LHS is decreasing in Py s;. Symmetry implies that the same arguments apply to Pp s

and that Py g = Prgs.™?

3.2 The Regional Phillips Curve with Nominal Demand

The empirical analysis in Section 4 estimates the effect of a transfer to the home region
on inflation. The theoretical model describes the causal relationship between inflation,
nominal demand and nominal fiscal transfers. The firm sector described in Section 2.1

shows how nominal demand maps into inflation. The household sector described in Section

12While ruling out Py ss = 0o is necessary for global determinacy, it is not yet sufficient and a full global
analysis resorts to the arguments in Obstfeld and Rogoff (1983, 2017). For a local determinacy analysis of
TANK/incomplete markets models with nominal fiscal policy see (Bilbiie, 2019; Hagedorn, 2020).
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3.1.1 maps nominal transfers into nominal demand.

3.2.1 Inflation and Nominal Demand

Using the derivations in Section 2.3 yields a log-linearized nominal demand augmented
Phillips curve for the non-tradabale inflation rate 7V = P},— P}, | as a function of regional
marginal cost in the non-tradable sector, micjy, and nominal demand growth ADY, =
log(D}Y,) —log(D},_,) for home non-tradables

T = B 0MCnich ) + $pADY + ) ®HADY,, (28)
k=0 k=1
where marginal costs in the non-tradable sector equal mcjy, = e IN Hi— DRy = =9 Mg —

15%71: for a Frisch household labor supply elasticity ¢ and ﬁ%t is the percentage deviation

N
Py,
Py’

is proportional to unemployment, moving to the non-tradable sector requires adding the

from steady state of the relative price While marginal costs for the whole region
relative price term to obtain the correct measure of marginal costs in the non-tradabale

sector. 13

3.2.2 Nominal Fiscal Multiplier and Inflation

A household sector operating in an incomplete markets environment delivers two impli-
cations which are relevant for the empirical analysis. Firstly, aggregate nominal demand
is well-defined, in the sense that every level of nominal demand implies a unique market
clearing price level, i.e. the price level is determinate. Note that this mapping between
nominal demand and price levels is without invoking a Taylor rule to induce determinacy.
Nominal demand is thus a meaningful concept due to incomplete markets and nominal
fiscal policy. Second, the empirical analysis uses transfers and not demand as a regressor.
The model shows how household optimization relates nominal fiscal transfers to nominal
demand. The marginal propensities of demand describe how a change in nominal transfers

leads to change in household nominal demand:

DAD = (1— Q)mpdSTSATS + Qmpd ™M THM ATHM (20
= mpdy[(1 — QTSATS + QTHM ATHIM],

13Marginal costs in the non-tradable sector equal the nominal regional wage divided by the non-tradable
price level whereas regional marginal costs equal the nominal regional wage divided by the regional price
index. Adding the relative price term to regional marginal costs thus delivers non-tradable marginal costs.

27



where D, T° and TH*™ are steady-state levels of D, T° and TH*™ in Period —1 and
ATS =1log(T?) —log(T?)) and ATH™M = Jog(TH™M) — log(TH™M) are the growth rates
of transfers of savers and hand-to-mouth households respectively. The marginal propensity
of demand for a HtM household, mpd*™ = 1, reflecting that all income is spent. The
marginal propensity of demand for the saver, mpd?®, is significantly smaller and approaches
1 — B if wgs — 1.1 The last equality of (29) defines the aggregate country marginal

propensity to spend mpdy in response to a change in total regional transfers
TyATy = (1 — OT AT + QT M ATHM,

the concept typically used in quantitative and empirical work. Note however that the mpd
is nominal here as it describes the nominal response to a nominal impulse.

The total effect on inflation combines the effect of demand on inflation and the effect of
transfers on demand captured through the mpds. Since mpds are heterogeneous across the
population, the aggregate mpd and thus the inflation response depends on the recipient of
the transfer. If transfers are paid to savers with low mpds then the response of demand
and thus of inflation is rather small. If on the other hand HtM households with high mpd
receive the transfer, the response of demand and thus of inflation is larger.

Using the simple model with a uniform distribution, then small changes in nominal
demand have no or small effects on inflation but larger changes in nominal demand lead to
almost proportional changes in inflation, suggesting a convex relationship between nominal
demand and inflation. Although the inflation-nominal demand relationship is convex in
this example it is not under different assumptions as the examples in Section 2.2 show.
Taking into account that the empirical analysis uses nominal transfers and not nominal
demand further weakens the convexity. Higher transfers are likely to lead to lower marginal
propensities to consume and thus a smaller increase in demand. This is what theory predicts
(Hagedorn et al., 2017) and is consistent with empirical evidence that large lottery wins
induce permanent income hypothesis type behavior (Golosov et al., 2021) whereas small
transfer can feature substantial marginal propensities to consume.

These are partial equilibrium responses to explain the workings of the model and the
transmission from fiscal policy to inflation. Firms set prices taking demand as given and

households make consumption/savings decisions taking prices as given. In equilibrium,

14\Whereas the expression for mpd® becomes rather complicated for intermediate values of wg,s and

ws, mem, we obtain for u(-) = log(-), mpd® — éi: if we g — 1.
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prices adjust to clear the markets, so that demand taken as given by firms is actually
household demand and prices taken as given by households are actually the prices set by

firms.

4 Empirical Approach

I now use the model results on the relationship between inflation, nominal demand and
nominal fiscal transfer to derive the empirical specification. I then describe the data which

combine data used and provided by HHNS with regional fiscal transfer data from the BEA.

4.1 Estimating the Inflation Response

[ start with the NDPC derived in (28)

N, = E Z BR(¢mich ) + PHLADY + Z % ADN (30)

and then rewrite it following Section 2.3 as:

Wg,t = Lk Zﬁ (mCHt-s-k + (I)OD(AD?[ — GHeo) + Z QIB(ADtJ\ik — 9H,00) + EiThr o,
k=1
(31)

where gy o = Eplimg ADY = E;lim,_,,, AT is the expected long run growth rate of
nominal demand and nominal transfers respectively, which equals the expected long-run
inflation rate corrected for expected long-run growth, E;my .

The next step uses the theoretical result of the previous Section that regional transfers
AT, move demand for all goods including non-tradables. I therefore replace the change in

demand with the change in transfers in (31):

Wg,t = Et Z Bk CmCHtJrk + (Dg’(ATt - gH,oo) + Z (IDIYC’(Athk - gH,oo) + Et7TH,007
k=1

(32)

To understand the relationship between using demand as a regressor in (31) and transfers
in (32) consider a simple scenario in which firms exist just for one period as in the first

two examples in Section 2.2. Under this assumption AD, = mpd%AT + and the estimated
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coefficient of interest would be

T

In line with the theoretical model the magnitude of the inflation response depends on the
magnitude of two channels. The size of the effect of demand on inflation, ®%, and the
marginal propensity of demand, mpd. For example, a large transfer can have only modest
inflationary effects if paid to low mpd households although demand has sizeable effects on
inflation, ®Y% is large. With infinitely lived firms a change in current transfers will be spent
over several periods, affecting not only current but also future demand. If this mechanism is
operating in the data and firms take it into account, the estimated coefficient also captures
these expectational effects.

The benchmark empirical specification equals

K
71'7{\; = kE, Z Bkrﬁcf,\fﬂrk + AT, 4+ ’}/71'7{\7;_4 + o, + Y+ 6 (33)
k=0

where a subscript r denotes the region r and e€,; is a residual term which also captures
measurement, and expectational errors. As in HHNS the infinite sum of marginal costs is
truncated at k = K. I follow the standard approach in panel data regressions and include
region fixed effects a,. for each region r and time fixed effects +;. The time fixed effects cap-
ture all aggregate effects. In particular long-run inflation expectations are “differenced-out”
using time-fixed effects since they are independent of current conditions. Balassa-Samuelson
arguments would induce permanent differences in long-run inflation across regions reflecting
permanent regional growth differences. These constant growth differentials are captured by
the state fixed effects . I also use the growth rate of transfers AT} instead of AT} — gp 00
since the same arguments imply that fixed effects pick up gg .'® Including state and time
fixed effects also means that the coefficients x and ® are identified from variation of the
regressors across states which are not due to aggregate effects or permanent differences

within states.
Note that the benchmark specification captures the effect of future marginal costs on
current inflation consistent with the New Keynesian Phillips curve. As explained before,

the nominal demand channel does not allow for such a neat theoretical derivation of ex-

15Note that permanent inflation differences between two regions with identical productivity growth rates
are solely due to permanent inflation differences in the non-tradable sector. This would be inconsistent
with a steady state and would instead suggest divergence of the relative size of the non-tradable sectors in
the two regions.
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pectational effects without imposing strong assumptions. The coefficient ® on AT thus
also captures expectational effects such that the estimated coefficient is a combination
of contemporaneous and expectational effects. To be consistent with HHNS and other
previous studies, I use the beginning-of-period transfer growth rate over the last 4 quar-
ters, AT,y = log(T;—4) — log(T;_g) to explain the subsequent 4-quarter inflation rate,
log(P,) — log(P;_4). To alleviate potential concerns that transfer growth is just a proxy
for lagged inflation rates, I also include the lagged inflation rate w,{ﬂ%. The coefficient
captures the degree of inflation indexation in standard models (or some form of adaptive
expectations) while at the same time taking nominal demand effects into account.

HHNS provide a neat derivation for the different slopes of the regional and aggregate
New Keynesian Phillips curves. The demand augmentation of the Phillips curve does not
allow for a simple relationship between regional and aggregate coefficients of nominal de-
mand. One reason is that the inflation response depends on the size of the fiscal (transfer)
multiplier and there is no simple mapping from cross-sectional to aggregate numbers (Naka-
mura and Steinsson, 2014). Furthermore, there is not one multiplier but there are many
multipliers depending on the properties of the transfers, such as the characteristics of the

transfer recipients (Section 3.2.2) and the persistence of the transfers (Section 2.2).

4.2 Data

The empirical analysis relies on several data sources for state level inflation rates, transfer

receipts and labor market data.

4.2.1 State-Level Inflation Rates and Price Indices

I use US state-level price indices constructed by HHNS. They use micro-price data available
from the CPI Research Database, provided by the US Bureau of Labor Statistics (BLS)
for the period 1978-2018, to construct non-shelter state inflation rates.!® For each state
they calculate tradable and non-tradable inflation rates. The product categories used to
construct the non-tradable inflation rate are described in Appendix B.4 of HHNS and are
similar to the BLS service definition, including education, telephone, medical and recre-
ational services. For the details of the data construction see HHNS. The quarterly state

non-tradable inflation rate is the outcome variable in the empirical analysis. Choosing

6For a detailed description of the CPI Research Database see Nakamura and Steinsson (2008) and
Klenow and Kryvtsov (2008).
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non-tradable inflation also follows HHNS based on the argument that tradable goods are

priced nationally, rendering them less responsive to regional demand conditions.

4.2.2 Regional Transfers

To match the frequency of the inflation data I use the quarterly series of Personal Current
Transfer Receipts from the BEA (SQINC35) and not the annual version (SAINC35).17 My
measure of transfers is the sum of "State unemployment insurance compensation” and ”All
other personal current transfer receipts” as these contain the income maintenance programs
which best match the theoretical counterpart of (helicopter drop) transfers. The quarterly
dataset does not allow for a finer split of "All other personal current transfer receipts”, which
includes income maintenance benefits such as Supplemental Security Income (SSI) support,
Earned Income Tax Credit (EITC) and Supplemental Nutritional Assistance (SNAP). This
transfer category also includes the Alaska Permanent Fund benefits and transfers as part
of the American Recovery and Reinvestment Act of 2009 (ARRA). The appendix describes
the various transfers in more detail. My transfer measure does not include Social Security
benefits which are indexed to inflation rates and Medical benefits and Medicaid payments

as those are linked to actual medical expenses and thus do not resemble a helicopter drop.

4.2.3 Labor market data

I use the same labor market data as in HHNS, which are provided by the U.S. Bureau
of Labor Statistics (BLS). To construct marginal costs, I use state-level unemployment
rates from the Local Area Unemployment Statistics (LAUS).!® T also use state-industry
level employment data from the Quarterly Census of Employment and Wages (QCEW) to

construct the Bartik type instrument described in Section 4.3.%°

4.2.4 Visualizing the Relationship between Inflation and Transfers

The theoretical model claims a positive relationship between state-level non-tradable infla-
tion and the growth rate of nominal transfers. Before proceeding to the formal econometric
analysis, Figure 4 visualizes this relationship using the data just described. The scatterplot
in the left panel (a) shows a positive significant relationship using raw data. A similar

significant relationship is found in the right panel (b) using the residuals of regressions of

17 Available at https://www.bea.gov/data/income-saving/personal-income-by-state.
18 Available at https://www.bls.gov/lau/
19 Available at https://www.bls.gov/cew/
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Figure 4: Scatterplots: Non-Tradable Inflation and Nominal Transfers

Note - Binned scatterplot of state non-tradable inflation and the (2-year) growth rate of nominal transfers.
Panel (a) uses raw data and Panel (b) residualizes inflation and transfers against state and time effects.

inflation and transfer growth on state and time fixed effects. The findings in the Figure are
both consistent with the theoretical model. While on the hand encouraging, the results are
only suggestive. Both figures omit to control for marginal costs and do not use instrumental
variable to address the endogeneity of the regressors. In addition the left panel does not
control for long-run expectations as time effects are omitted. These issues are addressed in

the econometric analysis in Section 5.

4.3 Identifying Assumptions

The empirical analysis uses two instruments, a Bartik type instrument and past unemploy-
ment rates. This Section explains how the instrument are constructed and the identifying
assumptions which render them valid instruments.

The Bartik type instrument is constructed following HHNS to capture variations in
demand which in turn move marginal costs in the non-tradable sector. The tradable Bartik

type instrument in region r in period ¢,
Br,t = § zl,r X G—rlt,
l

where 7, is the time-average employment share of industry [ in the tradable sector in region
r and g_,;, is the Period ¢ three-year growth of industry r national employment leaving

out region 7. The idea building on Bartik (1991) is that an aggregate shock to a specific
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tradable sector has differential effects on states depending on the size Z;, of this tradable
sector in this state, implying differential effects on the demand for non-tradabale goods in
those states. This differential exposure of the state demand for non-tradable goods implies
the relevance of the instrument.

The identifying assumption requires the instrumental variable to be uncorrelated with
the error conditional on the time and regional fixed effects, the standard exogeneity as-
sumption in differences-in-differences designs. A shock which is both correlated over time
with the aggregate shifter g_,;; and with the shares z;, in the cross section is not corre-
lated with the change over time of the cross-sectional difference in marginal costs. Using
the example in HHNS, an increase in the oil price will differentially affect Texas and Illinois
(relevance assumption). Exogeneity then means no correlation with the change over time
in the cost-difference of restaurants in Texas and Illinois.

Nominal transfer growth AT} of a state could be endogenous after accounting for state
and time fixed effects since the change in transfer payments could depend on current eco-
nomic conditions which at the same time affect the inflation rate. This argument is some-
what weakened since I use lagged transfer growth which is less likely to respond to current
shocks. While it cannot be ruled out that some transfer increases might be an immediate
response to adverse shocks, a large fraction of transfers is triggered in response to past
economic conditions.

For unemployment insurance, past state unemployment rates (before 1981 in combina-
tion with national unemployment rates) trigger extended benefit payments under federal
law. Other transfers are largely income maintenance programs and are also triggered in
bad economic conditions for the low income population, i.e. if the unemployment rate is
elevated. This reasoning motivates using past unemployment rates, u;_j, as additional in-
struments. The institutional environment shows that past unemployment rates are partially
correlated with current changes in nominal transfers. This correlation has to be sufficiently
strong to avoid running into weak instruments issues. I will test this assumption in the
empirical analysis below and report the F-statistics which show that the instruments are
strong.

A second important condition for ug ¢ to be a valid instrument is that it is uncorrelated
with the error term €,;. To understand the economics behind this assumption, first assume
that the unemployment rate fully captures marginal costs. Then ugy,_j is uncorrelated
with the error term €,; within the theoretical model. Current and future marginal costs are

the determinants of inflation in the New Keynesian Phillips curve, implying that past un-
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employment rates are irrelevant to explain current inflation rates and are thus uncorrelated
with the error term ¢,;. That does not mean that the unconditional correlation between
past unemployment rates and current inflation is zero. Only the correlation conditional on
current and future unemployment /marginal costs is zero.

While this property holds in my model and also in related theoretical models under
certain conditions, more general models do not necessarily imply that the unemployment
rate G, fully captures the real marginal cost gap Tricgyt. There could be variables other
than unemployment moving marginal costs, marginal costs could differ from the marginal
cost gap if supply shocks are important and marginal costs in the non-tradable sector differ
from regional marginal costs.

To fix ideas, it seems useful to think of the benchmark regression (33) containing an
omitted variable mcy; ,, which is orthogonal to unemployment such that real marginal costs
can be decomposed as,

~ N
MCry = Ugs + MChr

The orthogonality condition needed for the validity of the instrument g,
E(ugsres) =0, t=1,2,...,T,

then require
E(upsmcy,) =0, t=1,2,...,T.

In words, the real marginal cost residual mcy, which by construction is orthogonal to
Period ¢ unemployment, ug, also has to be orthogonal to Period ¢ — k£ unemployment,
up—. This would be satisfied in the theoretical model. What this assumption rules out is
that a Period ¢ — k shock which moves Period ¢ — k unemployment but is orthogonal to the
Period t — k marginal cost residual is correlated with the Period ¢ marginal cost residual
mcyy, conditional on Period ¢ unemployment. The assumption in a nutshell: What is
orthogonal in Period ¢t — k is also orthogonal in Period ¢.

Being a valid instrumental variable means that ug,;  is redundant in (33) and thus
affects inflation only indirectly through AT,. Note that in a standard New Keynesian
Phillips curve this is satisfied if the economy is driven by demand shocks. The current
inflation rate then depends on the current and future unemployment rates but not on
past rates and the unemployment rate and the unemployment rate gap move one-for-one.

The findings in HHNS suggest this assumption to be valid for the sample period. The
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assumption here is that adding nominal transfers to the Phillips curve does not change
this property. Instead past unemployment rates matter for the current inflation rate only
since they move nominal transfers. Since the model is overidentified, the overidentifying
assumptions can and will be tested and are found to confirm the theoretical predictions.

The orthogonality assumption is also satisfied if €,.; contains a (cost-push) shock, which
moves the inflation rate but does move any real variables such as the unemployment rate
or real marginal costs. By definition such a shock is unrelated to past unemployment rates
and the orthogonality assumption is satisfied.?’

Using past unemployment as an instrument also alleviates potential concerns due to
endogenous mobility. Whereas higher transfers in a state might induce immigration into
this state, higher unemployment rates and thus lower wages and fewer jobs have the op-
posite effect. Therefore the migration response to an increase in transfers triggered by
an increase in the unemployment rate is ambiguous. Hagedorn et al. (2013) confirm this
hypothesis and find that mobility decisions are not significantly affected by the generosity
of unemployment insurance payments even at the county level. Furthermore, Hagedorn
et al. (2014) find that households do not switch the state where they shop in response to a

change in unemployment insurance benefits.

5 Empirical Results

5.1 Benchmark Results

The state-level non-tradable inflation rate is the change in prices for all non-tradable items
over the last 4 quarters. As in HHNS using four-quarter differences reduces the amount of
measurement error, avoids seasonality and renders the analysis more robust towards lags in
the price responses. The transfer data are also four-quarter changes to match the frequency
of the inflation data. This Section provides the estimates for the benchmark specification

derived in the previous Section:

K
wl = KE Y Bmic + @AT s+ w4+ on vt € (34)
k=0

20 A microfoundation of cost-push shocks is provided by Rubbo (2020). She shows that a multi-sector
model generates endogenous cost-push shocks which generate inflation without affecting aggregate real
output or unemployment and thus satisfy the orthogonality assumption of the instrumental variable.
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Implementing this specification requires specifying a value for the discount rate g and for
the Frisch labor supply elasticity ¢ to construct the marginal cost sum. I set 5 = 0.99 and
¢ = 1 as my benchmark values but also consider 5 = 0.95,0.9 and ¢ = 1/2,2 below.
Column 1 of Table 1 shows the result for the benchmark specification. A one percent-
age point increase in the annual growth rate of nominal transfers leads to a significant
0.12 percentage point increase in the annual inflation rate and to a 0.03 percentage point
increase in quarterly inflation. Since the empirical approach controls for long-run inflation
expectations following HHNS, this estimate does not take into account the effect of changes
in nominal fiscal policy on long-run expectations. As explained in the previous Section, the
estimated effect though takes into account equilibrium effects and short-run expectations

as far as these are operating in the data.
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Table 1: Nominal Demand Phillips Curve Estimates

Benchmark Additional No Lagged No Marginal No Nominal
Lags Inflation Costs Demand

(1) (2) (3) (4) (5)

Nom. Transfers 0.115 0.145 0.130 0.052
(0.037) (0.017) (0.042) (0.012)
>~ Marginal Cost 0.049 0.067 0.052 0.021
(0.020) (0.015) (0.025) (0.171)
Lagged Inflation 0.081 0.058 0.086 0.080
(0.111) (0.268) (0.106) (0.107)
Lagged Nom. Transfers 0.115
(0.036)

Specification Tests

Underidentification test 0.019 0.007 0.028 0.011 0.00111
Weak Identification (F-Test) 47.851 21.801 46.776 87.818 156.5
Overidentification test 0.287 0.912 0.282 0.211 0.0302

Note - The inflation rate (annual), the growth rate of nominal transfers (annual) and the unemployment
rate are all measured in percentage points. All regressions usr 4 lags of unemployment and the Bartik-type
variable B, ;_4 as instruments. Column (1),(3)-(5) use (¢r¢—5,...ur(—s) for unemployment and column (2)
uses (Ur 5, Urt—6, Urt—9, Urt—10) tO capture lagged transfers. All regressions include state and time fixed
effects. P-values in (parentheses) are clustered at the state level.

Column (1) - Benchmark,

Column (2) - Added Regressor: Lagged Transfers,
Column (3) - Omitted Regressor: Lagged inflation,
Column (4) - Omitted Regressor: Marginal Costs,
Column (5) - Omitted Regressor: Nominal Demand.

To understand the coefficient for marginal costs and how it relates to the findings in
HHNS, we have to divide the x = 0.049 of Table 1 by 4 to obtain the effect on quarterly
inflation, which is reported to be 0.0062 in HHNS. Taking into account the effect of nominal
transfers on inflation thus steepens the Phillips curve by a factor of 2 (0.049/4 = 0.0123
vs. 0.0062). To relate this finding to the Phillips curve literature which relates the unem-
ployment rate to inflation, I first regress Zszo Bknici\ft 4 on u,, including state and time

fixed effects which yields a coefficient of £ = —9.5. Rewriting equation (34) to assess the
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relationship between the unemployment rate and inflation,
Ty = K€ugy + +OAT g+ v,y + ..

Multiplying the two coefficients yields a coefficient for unemployment of k¢ = 0—.049%9.5 =
—0.466 for annual non-shelter inflation, significantly larger than —0.153, the corresponding
number reported in HHNS. Combining k£ = —0.466 with the higher estimate in HHNS for
annual shelter inflation of —0.0972, yields a slope of —0.658, again significantly higher than
—0.34 reported in HHNS.?!

The coefficient on the lagged inflation rate is quite small and even insignificant, sug-
gesting that indexation is not an important factor in explaining inflation. In contrast to
the literature using aggregate data (e.g. Gali et al., 2005) which assigns a minor role to
indexation but still finds a significant coeffcient of about a third, much higher than the
0.0814 estimate using regional data. The benchmark specification thus shows not only that
indexation is largely irrelevant but also that the estimated significant effect of nominal
demand is not capturing the effect of lagged inflation.

All specification tests pass. The underidentification tests rejects the null that the model
is not identified. The F-test shows no sign of weak identification as it clearly exceeds
the standard threshold of 10. Finally the overidentification test cannot reject the null
hypothesis that the instruments are valid and uncorrelated with the error term. The
assumed exclusion restriction that past unemployment rate has no effect on inflation after
taking into account the marginal cost sum and nominal demand is confirmed in the data.
The same conclusion is reached if the regression residual is regressed on the instruments. All
lagged unemployment rates are found to be jointly insignificant as the exclusion restriction
requires.

The theoretical model also implies that additional lags of transfers could have explana-
tory power for inflation.?? Column (2) of Table 1 shows the results of adding an additional
lag. Not only is the coefficient on the additional regressor significant and positive but the
coefficients on the other regressors, transfers AT, , 4, and marginal costs Zszo Brmicl

also increase in magnitude.?® Repeating the same calculation as above for the slope of the

21This number is calculated as —0.658 = —(0.58 * 0.049 + 0.42  0.0972) * 9.5, where 0.42 and 0.58 are
the shelter and non-shelter expenditure weights reported in HHNS.

22The theoretical model predictions for non-linear effects are less strong and so are the empirical results.
Adding a squared transfer term to the benchmark regression yields a positive but insignificant coefficient.

23Adding a further lag again delivers significant and sizeable coefficients for all regressors but the F-
statistic drops to 12.5 close to the threshold of 10 and the underidentification test yields a quite high
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Phillips curve yields a coefficient on unemployment of —0.757 and k& = —0.64.

To get an idea of the magnitude of the estimated coefficient for nominal transfer, note
that Figure 1 in the Introduction use these estimates and applies them to the correspond-
ing aggregate US data. The two Figures show that the nominal transfers are a promising
candidate to account for inflation both in terms of magnitude and in the timing as transfer
increases lead inflation increases. Of course it is important to reiterate that this experi-
ment’s sole purpose is conveying an idea of the economic magnitude of the estimates and
their potential to account for US inflation. At this stage the experiment of Figure 1 is
not even close to a proper aggregation exercise since the relationship between the regional
and aggregate effects is much more complicated for fiscal policy than for the standard New

Keynesian Phillips curve.

5.2 Understanding Nominal Demand, Inflation and Marginal Costs

To understand the contribution of the three regressors - nominal demand, marginal costs
and lagged inflation - columns (3)-(5) of Table 1 each leave out one of the three regressors.
Column (3) shows that dropping the lagged inflation rate 7¥, has only minor effects on
the other estimates, confirming the finding that indexation is not an important driver of
inflation.

Columns (4) and (5) leave out one of the two determinants of inflation, nominal demand
and marginal costs respectively. The theoretical model predicts that these experiments
induce an omitted variable bias and the estimation confirms this theoretical result. To
understand the sign of the bias one has to take into account that transfers are high when
the unemployment rate and thus marginal costs are low, implying a negative correlation
between AT and MC. Combining this negative correlation with the positive coefficients
in column (1) explains why the coefficients fall. An increase in transfers which has a
sizeable positive effect shown in column (1), now also picks up the effect of marginal costs.
The bias is negative since marginal costs have a positive sign (column 1) and the policy
induced correlation between transfers and marginal costs is negative. Analogously, dropping
transfers from the regression implies that marginal costs pick up the effect of transfers.
The bias is negative since transfers have a positive sign (column 1) and the policy induced
correlation between transfers and marginal costs is negative, implying a smaller positive and

now even insignificant coefficient in column (5). The marginal costs coefficient in column

p-value of 9.3%.
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(5) is similar but not identical to HHNS since marginal costs here include the relative price
of non-tradables and a larger set of instruments is used. In terms of the co-movement
of unemployment and inflation a policy induced increase in nominal demand looks like a
supply shock although being a demand increase. Or like a cost-push shock in a model with
a New Keynesian Phillips curve.

Note also, that the overidentification test confirms the exclusion restriction as long as
transfers are included in the regression in columns (1)-(4), but fails in column (5), consistent
with the identification assumptions that transfers are a sufficient statistic but marginal costs

are not.

5.3 Alternative Measures of Marginal Cost

Table 2 considers alternative assumptions to construct the sum of marginal costs. Column
(1) and (2) assume different discount rates, 5 = 0.95 and 8 = 0.99, and show that a
lower discount rate leads to larger coefficients for marginal costs, mechanically implying
somewhat smaller coefficients for transfers.

Column (3) and (4) use different Frisch elasticities of labor supply, 0.5 and 2, to construct
marginal costs in the non-tradable sector. Using a Frisch labor supply elasticity of 0.5 cuts
the estimated coefficient by half to —0.025. The estimate of the marginal cost sum on
the unemployment rate however roughly doubles to 18.976 such that the product is almost
unaffected. Similarly the coefficient on marginal costs doubles using a Frisch elasticity of
0.5 but the regression coefficient falls by half to 4.767. The proportional scaling of the
coefficients and the invariance of the estimate for the nominal transfers show that the
magnitude of the Frisch elasticity is irrelevant for the effects of fiscal policy.

Overall, these robustness analyses confirm the benchmark findings that nominal trans-

fers are a sizeable and significant driver of inflation.
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Table 2: Different Marginal Cost Measures

Marginal Costs Marginal Costs Marginal Costs Marginal Costs

B =0.95 B8 =09 p=1/2 o =2

(1) (2) (3) (4)
Nom. Transfers 0.108 0.098 0.115 0.115
(0.023) (0.013) (0.037) (0.037)
>~ Marginal Cost -0.060 -0.074 -0.024 -0.097
(0.010) (0.005) (0.020) (0.020)

Specification Tests

Underidentification test 0.009 0.006 0.019 0.019
Weak Identification (F-Test) 57.070 66.903 47.834 47.877
Overidentification test 0.309 0.317 0.287 0.288

Note - All Regressions include state and time fixed effects and use the benchmark instruments. P-values in
(parentheses) are clustered at the state level.

Column (1) - Marginal Cost: Discount rate 8 = 0.95,

Column (2) - Marginal Cost: Discount rate § = 0.9,

Column (3) - Marginal Cost: Labor Supply Elas ¢ = 1/2.

Column (4) - Marginal Cost: Labor Supply Elas ¢ = 2.

5.4 Nominal vs. Real Transfers

The theoretical analysis emphasized that nominal and not real transfer growth is a de-
terminant of inflation. The results reported in Tables 1 and 2 confirmed the first part of
this prediction for nominal transfers. To establish the second part, column (1) of Table
3 replaces nominal with real transfer growth, T fﬁl4 =T, -4 — w44 for regional inflation

Tr1—4, in the benchmark regression,?*

K
7rfft = kE, Z ﬁknic%% + (IJT@GIAT7:§314 + 'yﬂfn\;_zl + o + v+ € (35)

k=0
The estimated coefficient for real transfer growth is negative and has thus the wrong sign

and is highly insignificant. All three specification tests fail. First, the null of no identifica-
tion cannot be rejected. Second, the F-test yields a number below the threshold of 10 and

24Note that the real transfer growth rate uses the total regional inflation rate since this is the correct
deflator in each region.
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thus cannot rule out weak identification. Third, the null that the instruments are valid is
rejected.

Column (2) of Table 3 addresses the potential concern that nominal transfers are just a
proxy for real marginal costs not captured through unemployment. The estimated coeffi-
cient for AT would then not be positive for the theoretical reasons explained in Section 3.2
but simply because marginal costs increase and inflation increases through the standard
Phillips curve channel. If this was correct them the real value of transfers should be the
correct regressor. First, the Phillips curve relates real marginal costs and inflation, im-
plying that real variables and not their nominal counterparts are the correct explanatory
variables. Thus according to this theory real and not nominal transfers should be included.
Second, the Phillips curve explains inflation through the current and future levels of real
marginal costs and not through past growth rates. Thus the theory would require that
the current level of real transfers and not past growth rates should be included. Note that
column (1) already rejected the idea of including the past growth rate of real transfers.
Column (2) therefore substitutes the real value of transfers for the nominal growth rate in
the benchmark regression. The negative and highly insignificant coefficient shows that the
level of transfers does not matter and that instead the nominal growth rate is the relevant

determinant of inflation and does not proxy for real marginal costs.
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Table 3: REAL Demand Phillips Curve Estimates

Real Transfer Growth Real Transfer Level

(1) (2)

Real Transfer Growth 0.164
(0.938)
Real Transfer Level -39.075
(0.454)
>~ Marginal Cost -0.023 0.180
(0.292) (0.508)

Specification Tests

Underidentification test 0.165 0.044
Weak Identification (F-Test) 7.474 0.547
Overidentification test 0.016 0.764

Note - All Regressions include state and time fixed effects and use the benchmark instruments. P-values
in (parentheses) are clustered at the state level. Real transfers are adjusted for state-specific (quarterly)
seasonality and aggregate time effects. This adjustment has no bearing on the conclusions drawn from this
table.

Column (1) - Benchmark with Real Demand Growth [instead of Nominal Demand Growth],

Column (2) - Benchmark with Real Demand (Level) [instead of Nominal Demand Growth],
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6 Concluding Remarks

This paper derives a nominal demand augmented Phillips curve (NDPC) which explains in-
flation through real marginal cost (gaps) and expected inflation, the New Keynesian Phillips
curve explanatory variables, and a new variable, nominal demand growth. I estimate the
NDPC in the cross-section of U.S. states and corroborate the theoretical predictions. Both
real marginal costs and nominal demand growth are significant determinants of inflation.
Removing either real marginal costs or nominal demand from the estimated NDPC leads
to a downward biased estimate of the coefficient of the remaining variable. Adding nominal
demand to the Phillips curve leads to a larger coefficient on real marginal costs, a steeper
Phillips curve. Removing real marginal costs from the NDPC leads to a smaller coefficient
on nominal demand.

The NDPC can explain temporary and permanent high inflation rates during historical
U.S. episodes or across countries through high nominal demand growth without necessarily
linking inflation to the size of the marginal cost gap or the unemployment rate. Taking
into account that nominal fiscal policy is a driver of nominal demand, assigns a new role
to fiscal policy in determining inflation. A fiscal stimulus leads to higher nominal demand
which through the NDPC materializes in higher inflation rates. In particular, inflation can
rise due to expansionary fiscal policy without large movements in the unemployment rate.

The paper thus offers a possible rationalization of the March 16 2022 Fed projections,
which forecast unemployment rates of about 3.5% for the next few years and at the same
time declining inflation rates: Viewed through the lens of my theory some of the 2021/22
inflation increase was caused by the checks sent out by the Treasury in response to the
Covid pandemic. Once the effects of this stimulus on nominal demand are fading inflation
starts falling. More generally, the NDPC suggests rethinking fiscal and monetary policy.
If the inflation is elevated not because the economy is overheating and unemployment is
too low but because of expansionary fiscal policy, is increasing the nominal interest rate to
cool down the economy, i.e. increase the unemployment rate, the best policy? The results

in this paper suggest that maybe not.
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APPENDIX

A Theoretical Appendix

A.1 Nominal Demand Phillips Curve: Inflation Dynamics

Log-linearizing equation (5),
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5 is the relative Period ¢—1 price of firm ¢ and A( ) = A(pi—1(2), Py, Dy)—
Api_1(7), P_1, Dt—l) is the change in the adjustment probability, which depends on the

where py_1 (i) =

change in the aggregate price level and in nominal demand.

I now show that f\(@) is increasing in D; — D;_; and decreasing in P, — P, if p;_1(i) < 1
and decreasing in D; — D, 1 and increasing in P, — P,y if p;_1(¢) > 1. This implies that
¢ is increasing in D; — D;_; and decreasing in P, — P,_; since
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and the integrands in both ingtegrals are positive. Similarly for price changes
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the integrands in both integrals are negative.
A(i) and Dy — Dy_y:

Real profits of a firm setting price p are
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This firm adjusts the price from p to the optimal price p* if
rreal(p, PY) < T (p*, P,Y) — €,
so that the probability of adjusting before knowing the realization of & equals
A= T(rr@al(p*’ PY) — T (p, P, Y)),

implying that this probability increases iff I (p*, P,Y) — I'"*®(p, P, Y) increases.

The derivative wrt. real demand Y:
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which shows for p < p* that
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Y > 0.
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if [;l» + e“c% — 1] > 0 or equivalently €,,c(v)y > 1 — 1.

Since real demand Y = % and thus g—g = 1% > 0, we have shown that
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in response to an increase in nominal demand D given the aggregate price level P;_;.
A(i) and P, — P,_;:
Next, I consider the response of ¢; to an increase in the aggregate price level from P,

to P,. Again the response of I (p* P;Y) — I'"(p, P,Y) to a change in P needs to be
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For p > p*:
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The selection term ¢, is a function of D; and P,. The previous analysis shows that it

A-6



depends postively on D; — D;_; and negatively on P, — P,_1,

¢+(Dy — Dy1, Py — Py q).
(+) (—)

A change in demand D; — D;_; has a direct positive effect and an indirect effect through
inflation. To sign the total effect note first that =, > 0. Suppose in contrast that m, < 0.
This is a contradiction since both mc; > 0 and A¢; > 0.

Now suppose that A¢; < 0. Since m; > 0 we must have nic; > 0 and thus Yt > 0.
Furthermore since €+, p‘Y fized = 1 the previous derivations show that for ¢ written as a
function of Y and P that

(Ve = Yi1, P — Pra),
(+) (+)

so that ¢; increases, a contradiction.

Infinite Horizon

The aggregate price dynamics is described for k € Ny by
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and . .
11— 1015—1(1)1_6

1. <0 pura(i) >pi, =P & At+k(i) <0

showing that the reason is exactly that A is evaluated at Period ¢ — 1 values as above and
the only Period t + k — 1 variable is then py j_1(7).
To determine the properties of ®; we can apply the same arguments as above since we

can basically substitute the value function V"¢* for I'"**  where V" satisfies
Vrel(py, Py, Dy) = 7 (py, By, D) + BEV™ (py, Pry, Diga). (A3)

and

Vreal(Pt—la Py, Dy) = maX{Vmal@L Py, Dy) =&, Vreal<pt—1, P, Dy)}. (A4)
A firm adjusts the price from p to the optimal price p* if

VIl PY) < VIl PY) — €,
so that the probability of adjusting before knowing the realization of & equals
Ap, P, D) = T (V™!(p*", P, D) = V" (p, P, D))

implying that this probability increases iff V" (p*, P, D) — V" (p, P, D) increases. Since
I consider a perfect foresight MIT shocks I drop the expectation operator. The shock is

A-8



permanent so that D' = D:

+ -
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D D
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I now show that the P and D derivative of V7 (p* P, D) — V" (p, P, D) have the same
sign as the P and D derivatives of I (p*, P, %) — Ireal(p, P, B,

Nl
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oD
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Y P’

showing that the two derivatives have the same sign since the term in the big square
brackets is positive.

Similarly,

a[vreal(p*’ P,D) _ ‘/real(ﬁ7 P,D)]

oPr
o orre(pt PY) — I (p, P,Y)
- oP
. 2V PD) ~ VG, P, D) O
- P oP
real (. * real (7 :
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so that

a[vreal(p*7p’ D) _ Vreal(ﬁ’ P, D)]
oP

(1— T<Vreal<p*7 P.D)— Vreal(ﬁ7 P, D)))]

OP'
oP

+ ﬁ[‘?real(p*’ P, D) . vTeal(ﬁ7 F)7 D)]T/(Vreal(p*7 P7 D) - Vreal(ﬁ7 Pv D))
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oP ’
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o
%)

where recursiveness of the firm problem implies that Period ¢ and ¢ + 1 price response
have the same sign when evaluated at Period ¢ — 1 values, %—1; > 0, showing that the two
derivatives have the same sign since the term in the big square brackets is positive.

We thus obtain that @, is increasing in (D; — D;_1) and decreasing in (P, — P;,_1) so
that in linear form

Aq)t = apm + OéD(Dt - Dt—l)

for ap < 0 and ap > 0. Note that Dy = Dy 1 = Dy1o = ... so no future demand shocks
are expected and future price level adjustments are already incorporated in the analysis.

Inflation thus satisfies

m(l—A)=(A2)E, Z Bkmct-i-k + apm + ap(Dy — Dy—q)

k=0
Setting ( = 1_/;{_50”3 yields
Ty = CEt Z ﬁkWiCH_k + ?éD(Dt - Dt—l) . (A5)
=0 . Extensive Demand Margin
Calvo

A.2 Derivation: Regional Nominal Demand Augmented Phillips
Curve

The analogous derivations for a firm in the non-tradable sector yield the non-tradbale

N

inflation rate 7, = Pj, — P}, , as a function of real marginal costs nic" and nominal
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demand growth DY — DY | in the non-tradable sector

T = (B Bmicy, + OH(DY = DY)+ ) (DY~ DY) (AG)
k=0 k=1

Using that home marginal cost micy; = W;Lt — ]5H,t and log-linearization of the wage setting

equation (16)
WH,t - pH,t = SONH,t

and that for unemployment

Ugs = _NH,t
yields
~ N A - SN
mc, = mcpy+ Py — PHJ

% > A SN
= WH,t_PH,t‘FPH,t_P}Lt
_ o N
= ©Np;— Pry

_ N AN
= —YUugt — PHy-
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B Data Appendix

Table 4: BEA Transfer Data

Data Description

Share in 2020 Transfers Receipts

State unemployment insurance compensation

All other personal current transfer receipts

Income maintenance benefits
Supplemental Security Income (SSI) support
Earned Income Tax Credit (EITC)
Supplemental Nutritional Assistance (SNAP)
Other Income Maintenance benefits
Veterans’ benefits
Veterans’ pension and disability benefits
Veterans’ readjustment benefits
Veterans’ life insurance benefits
Education and training assistance

Other transfer receipts of individuals from governments
Alaska Permanent Fund benefits
American Recovery and Reinvestment Act of 2009 (ARRA)

Current Transfer Receipts of Nonprofit Institutions

Receipts from the Federal government

Receipts from state and local governments

Receipts from businesses
Current Transfer Receipts of Individuals from Businesses
Unemployment insurance compensation excluding

state unemployment insurance compensation

Other medical care benefits (excl. Medicaid and Medicare)
Military medical insurance benefits

Retirement and disability insurance benefits excluding
Social Security benefits

12.7 percent

7.1 percent

3.4 percent

1.7 percent
8.8 percent

3.7 percent

0.8 percent
0.02 percent

0.3 percent
0.4 percent
0.8 percent

Note - Transfer data in the empirical analysis is the sum of “State unemployment insurance compensation”
and “All other personal current transfer receipts”, which in turn is the sum of the various programs listed in
the Table. Transfers do not include Social Security benefits, Medicare benefits and Medicaid. The detailed
documentation available at https://www.bea.gov/system/files/methodologies/SPI-Methodology.pdf
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C Empirical Appendix

Table 5: Nominal Demand Phillips Curve Estimates: State and Time Clustering

Benchmark Additional

No Lagged No Marginal

No Nominal

Lags Inflation Costs Demand
(1) (2) (3) (4) (5)
Nom. Transfers 0.115 0.145 0.130 0.052
(0.049) (0.019) (0.055) (0.020)
>~ Marginal Cost -0.049 -0.067 -0.052 -0.021
(0.022) (0.016) (0.027) (0.167)
Lagged Inflation 0.081 0.058 0.086 0.080
(0.148) (0.326) (0.116) (0.149)
Lagged Nom. Transfers 0.115
(0.047)
Specification Tests
Underidentification test 0.064 0.022 0.081 0.053 0.018
Weak Identification (F-Test) 47.851 21.801 46.776 87.818 156.5
Overidentification test 0.782 0.918 0.772 0.275 0.041

Note - The inflation rate (annual), the growth rate of nominal transfers (annual) and the unemployment
rate are all measured in percentage points. All Regressions include state and time fixed effects. P-values in

(parentheses) are clustered at the state and time level.

Column (1) - Benchmark,

Column (2) - Added Regressor: Lagged Transfers,
Column (3) - Omitted Regressor: Lagged inflation,
Column (4) - Omitted Regressor: Marginal Costs,
Column (5) - Omitted Regressor: Nominal Demand.
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