AMOetn SBet

=

BHAF 2

Economic Research Institute

Yonsei University

MEAl MO AM=Z 50

50 Yonsei-ro, Seodaemun-gu, Seoul, Korea
TEL (+82-2) 21234065 FAX: (+82-2) 364-9149
E-mail: yeri4065@yonsei.ac.kr

https://yeri.yonsei.ac.kr

Resolving the Fiscal Price Puzzle:
General Equilibrium Effects and the

Composition of Government Spending

Sangyup Choi
Yonsei University

Kyung Woong Koh
Johns Hopkins University

February 2026
2026RWP-280

Economic Research Institute

Yonsei University


mailto:yeri4065@yonsei.ac.kr
https://yeri.yonsei.ac.kr/

Resolving the Fiscal Price Puzzle:
General Equilibrium Effects and the

Composition of Government Spending®

Sangyup Choi' Kyung Woong Koh*
Yonsei University Johns Hopkins University

February 24, 2026

Abstract

Does government spending raise prices? While standard models predict an inflation-
ary effect, empirical findings are mixed—a puzzle known as the “fiscal price puz-
zle.” We argue that this puzzle reflects differences in aggregation rather than a failure
of standard demand transmission. Using newly constructed U.S. MSA-level federal
procurement data from 1989-2023 and a shift-share IV strategy, we show that re-
gional fiscal shocks raise local consumer prices when aggregate forces are absorbed
through time fixed effects. When aggregate conditions are allowed to respond en-
dogenously, however, the same shocks generate attenuated or even negative price re-
sponses. To interpret these findings, we develop a two-region New Keynesian model
with centralized monetary policy. Local fiscal expansions increase regional prices but
induce union-wide monetary responses that dampen aggregate inflation. Extending
the model to consumption and investment sectors, we show that government con-
sumption shocks raise regional and sectoral prices more than investment shocks, yet
can produce smaller aggregate price effects due to stronger monetary feedback. Our
results highlight how general equilibrium mechanisms and spending composition

jointly shape fiscal inflation dynamics.
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1 Introduction

Does an increase in government spending raise prices? Standard macroeconomic models
predict that expansionary fiscal policy should lift price levels by stimulating aggregate
demand. Yet a large empirical literature reports mixed evidence: while some studies
find inflationary effects, others document muted, zero, or even negative price responses
to government spending shocks.! This discrepancy—recently termed the fiscal price puz-
zle by Jorgensen and Ravn (2022)—has drawn renewed attention following the unprece-
dented fiscal expansions during the COVID-19 pandemic, amid concerns that large-scale
stimulus may ultimately fuel inflation (Blanchard, 2021; Edelberg and Sheiner, 2021).
Understanding the price response to fiscal policy is therefore central to evaluating the
consequences of government spending.

A key challenge in interpreting the evidence is that there is no single “price response”
to fiscal policy. Estimates depend both on the price measure (e.g., CPI versus broader
deflators) and on the level of aggregation at which fiscal shocks are identified. In partic-
ular, regional fiscal expansions can raise consumer prices in treated locations, while cen-
tralized monetary responses may compress demand and dampen—or even reverse—the
union-wide price response. The fiscal price puzzle may therefore reflect an aggregation
mismatch, rather than a failure of intrinsic demand transmission.

Recent work emphasizes several mechanisms that may reconcile the conflicting find-
ings. Choi et al. (2022) show that the inflationary effects of government spending depend
critically on monetary policy and financial conditions: fiscal expansions are inflation-

ary in normal times but can become disinflationary at the zero lower bound or under

'For example, Edelberg et al. (1999), Caldara and Kamps (2008), Ben Zeev and Pappa (2017), Mumtaz
and Theodoridis (2020), Ferrara et al. (2021), and Fritsche et al. (2021) find inflationary effects, whereas
Fatds and Mihov (2001), Mountford and Uhlig (2009), Dupor and Li (2015), Ricco et al. (2016), d’Alessandro
et al. (2019), Miyamoto et al. (2019), Choi et al. (2022), Jorgensen and Ravn (2022), and Hall and Thapar
(2023) document disinflationary or deflationary responses. The fiscal price puzzle is also relevant to the
puzzling response of real exchange rates to fiscal policy shocks, widely studied in open-economy macroe-
conomics (Monacelli and Perotti, 2010; Ravn et al., 2012; Kim, 2015; Ferrara et al., 2021; Klein and Linne-
mann, forthcoming). See Choi et al. (2022) and Jorgensen and Ravn (2022) for comprehensive reviews.



tight credit conditions. Klein and Linnemann (2023) demonstrate that price effects differ
sharply between government consumption and investment, highlighting the importance
of spending composition. Cox et al. (2024) emphasize sectoral composition, showing that
spending concentrated in flexible-price sectors can be inflationary while shocks in sticky-
price sectors can be disinflationary. On the theoretical side, Zubairy (2014) introduce
deep habits in a medium-scale DSGE model to generate declining inflation following
fiscal expansions; Abo-Zaid and Kamara (2020) emphasize credit constraints as a force
dampening demand pressures; and Jergensen and Ravn (2022) incorporate variable tech-
nology utilization to generate disinflationary fiscal effects.

In this paper, we revisit the fiscal price puzzle through a simpler and more trans-
parent lens that emphasizes the interaction between spending composition and general
equilibrium monetary feedback. Using U.S. metropolitan statistical area (MSA)-level data
from 1989 to 2023, we study how localized fiscal impulses transmit to consumer prices and
how those local effects map into aggregate price dynamics once monetary policy responds
endogenously. To measure regional government purchases, we construct MSA-level gov-
ernment spending from contract-level federal military procurement data, and we further
classify procurement into government consumption and government investment using
product and service codes. Our price measure is the consumer price index (CPI), which
is naturally interpreted as a consumption-price object. We assemble a (weakly) balanced
panel of official BLS CPI levels for 21 large MSAs and combine these data with BEA re-
gional income accounts.

Our empirical strategy exploits cross-regional heterogeneity in exposure to aggregate
federal spending fluctuations. Specifically, we use shift-share (Bartik) instruments that
interact national procurement innovations with regions’ historical spending shares to
isolate plausibly exogenous variation in regional spending. We estimate dynamic price
responses using local projections in a panel instrumental-variables framework.

Our first main empirical finding is that regional government spending shocks raise lo-



cal consumer prices in specifications with MSA and year fixed effects. With year fixed ef-
fects absorbing union-wide forces—including endogenous monetary policy—identification
comes from within-year cross-sectional variation in fiscal exposure. The estimates there-
fore capture relative price movements: prices in more exposed MSAs rise relative to less
exposed MSAs in the same year. The effects are stronger for core than for headline CPI.?

We then re-estimate the same local projections without year fixed effects, allowing
aggregate conditions—including monetary policy—to adjust endogenously. Under this
specification, price responses are substantially attenuated and even negative. This con-
trast provides a simple diagnostic of the fiscal price puzzle: union-wide policy feedback
can offset local inflationary pressure, helping reconcile positive regional CPI responses
with the disinflationary effects often found in aggregate time-series studies.

Our second main empirical finding concerns spending composition. Decomposing
regional government purchases into consumption and investment components, we show
that government consumption shocks are substantially more inflationary than govern-
ment investment shocks in the relative regional (two-way fixed effects) specifications,
particularly for core CPI. This heterogeneity suggests that the inflationary consequences
of fiscal policy depend on the composition of spending and that failing to distinguish
consumption from investment can contribute to the lack of consensus in the existing lit-
erature.

To provide a structural interpretation of these findings, we develop a New Keynesian
DSGE model of a two-region monetary union, following Nakamura and Steinsson (2014).
In the model, a fiscal expansion in one region raises local prices but induces an endoge-
nous response of union-wide monetary policy that depresses demand and prices else-
where. Because individual regions account for a small share of the monetary union, the

aggregate price level can decline even when local prices rise. The model therefore ratio-

2We pay particular attention to core CPI because headline inflation is more exposed to large transitory
price movements in food and energy, which can obscure underlying inflationary pressures relevant for
monetary policy.



nalizes the key empirical distinction between relative regional price movements, which
largely purge the common monetary component, and aggregate price dynamics, which
are governed by monetary policy feedback.

We then extend the model to incorporate two production sectors—consumption goods
and investment goods—building on Boehm (2020) and Koh (2025). This extension de-
livers a central implication: the inflationary ranking of fiscal instruments need not be
invariant to the level of aggregation. Government consumption shocks generate stronger
regional and sectoral inflationary pressures than investment shocks, which maps natu-
rally into our empirical CPI results because CPI is a consumption-price object. Precisely
because consumption shocks are more inflationary locally, however, they trigger more
aggressive monetary response under a Taylor rule, compressing union-wide demand and
weakening—and potentially reversing—the aggregate price response. In contrast, gov-
ernment investment shocks are less inflationary at the regional level and therefore elicit
weaker monetary policy responses, resulting in larger aggregate price effects.

This mechanism reconciles seemingly conflicting evidence in the literature. Regional
data suggest that government consumption is more inflationary in consumer prices, whereas
aggregate time-series studies—including Klein and Linnemann (2023)—find a larger role
for investment shocks in driving aggregate inflation. We show that this divergence can
arise naturally in a standard New Keynesian monetary union with centralized monetary
policy.

When policy follows a union-wide Taylor rule, instruments that generate stronger re-
gional price pressures also induce stronger monetary responses. As a result, spending
categories that are more inflationary locally need not be more inflationary in aggregate.
This interaction between spending composition and centralized policy helps explain the
coexistence of robust local demand transmission and the fiscal price puzzle, and high-
lights the importance of accounting for aggregation and spending type when evaluating

fiscal inflation effects.



The remainder of the paper is organized as follows. Section 2 presents the empirical
analysis, describing the identification strategy, data construction, and baseline results on
regional price responses to government spending shocks, including the decomposition
into consumption and investment components. Section 3 introduces a multi-region New
Keynesian DSGE model of a monetary union and outlines the calibration. Section 4 uses
the model to resolve the fiscal price puzzle by distinguishing relative regional price ef-
fects from aggregate general equilibrium outcomes and by analyzing the role of spending

composition in shaping aggregate inflation. Section 5 concludes.

2 Empirical Analysis

This section estimates the effects of regional government spending shocks on regional
price levels using panel instrumental variables local projections. We first quantify rela-
tive regional CPI responses using specifications with MSA and year fixed effects, and then
re-estimate the same equations without year fixed effects to assess the role of aggregate
general equilibrium feedback, especially monetary policy. We finally decompose spend-
ing into consumption and investment components to study heterogeneous price effects

(Klein and Linnemann, 2023).

2.1 Methodology

We estimate dynamic price responses using local projections in a panel setting. Let P;;
denote the price level in metropolitan statistical area (MSA) i at time t. We consider
cumulative changes in prices from ¢t —1 to t + h in response to cumulative changes in
regional government spending scaled by lagged local income. Using cumulative h-period

changes on both sides, we estimate:

Pzt+h Pztl

zt+] zt 1
S TWFEhZ +a;+ 0+ € pan (1)
i,t—1 zt 1



where G;; denotes regional government purchases of goods and services, Y;,_; is lagged
personal income, «a; are MSA fixed effects, and 9; are year fixed effects.

The inclusion of year fixed effects absorbs aggregate shocks common across regions—including
nationwide inflationary forces and endogenous monetary policy responses. Identifica-
tion therefore relies exclusively on within-year cross-sectional variation in fiscal expo-
sure. The coefficient 7y g captures how prices in more exposed regions move relative
to less exposed regions in the same year. In the terminology of the regional macro liter-
ature, this specification approximates the local (micro) price response to regional fiscal
shocks, net of aggregate forces common to all regions (Nakamura and Steinsson, 2014;
Chodorow-Reich, 2019). To the extent that cross-regional spillovers are small at the MSA
level, Brwrg provides a close approximation to the direct local effect (Chodorow-Reich,
2020).

Regional government spending may be endogenous to local economic conditions. To
address this concern, we follow established approaches in the fiscal multiplier litera-
ture (Ramey and Shapiro, 1998; Barro and Redlick, 2011; Nakamura and Steinsson, 2014;
Auerbach et al., 2020; Muratori et al., 2023) and use variation in federal military procure-
ment as a source of plausibly exogenous fiscal shocks. Specifically, for each horizon h we

construct a shift-share (Bartik) instrument:

h
Giyi— Gy G,
Zh t+] t-1 XS_Z', S_l' E( 1,t ) (2)

1,t Y.
i=0 i,t—1

The first term captures aggregate procurement innovations (the shift) scaled by lagged lo-
cal income, and the second term is the region’s pre-determined average share in national
procurement (the share).

To assess the role of aggregate general equilibrium forces, we re-estimate Equation (1)



omitting the year fixed effects:

Pz t+h — Pz =1 _ Gi Mt T Vi1 i,t—l
—— FEh + QG + €y (3)
1,t—1 zt 1

Without year fixed effects, aggregate variables are no longer absorbed and can respond
endogenously. This specification does not identify the aggregate effect of a nationwide
fiscal shock; it instead measures local responses to regional exposure when the union-
wide environment adjusts.

Both specifications allow for direct local effects and cross-regional spillovers. The key
distinction is that omitting year fixed effects additionally permits economy-wide feed-
back—most notably the endogenous monetary policy response—to operate. If monetary
policy tightens in response to higher union-wide inflation, frr may be attenuated rela-
tive to frwre and may even change sign. Comparing frwre and prg therefore isolates
the contribution of aggregate policy feedback to observed price responses.

We next examine heterogeneity in price responses by decomposing regional govern-
ment spending into consumption and investment components. Let Cg and Xg denote
regional government consumption and investment, respectively. We estimate:

h 8 h 8 g
Pzt+h Pztl Czt+] 1t1 th+] thl .
= TWPEhZ ﬁTWFEhz—+ai+bt+€i t+he (4)
Pztl it it '

We instrument each fiscal component using separate shift-share instruments:

hocf . —cf
Ch _ t+j -C
z" = Y_— x 3, (5)
— 1,t—1
j=0
h Xg _Xg
X,h _ t+j =X
zZ" = —Y~ X 57 (6)
— 1,t—1
7=0

These instruments exploit variation in regional exposure to national government con-



sumption and investment shocks, respectively.

As before, we also estimate specifications that omit year fixed effects:

Pz Liteh — i1 Pz t—1 z t+ 1 t

. ] 1, 1 +] 1t 1

ﬁPEh § ﬁFEh § Y, T A+ € tin (7)
zt 1 =1

Again, the coefficients B and 5y capture local responses evaluated under endogenous
aggregate conditions, combining direct local effects, cross-regional spillovers, and nation-

wide policy feedback.

2.2 Data

We construct an annual MSA-level panel covering the period 1989-2023. Detailed data
construction and validation procedures are provided in Appendix A. Here we briefly
summarize the main variables.

Annual MSA-level personal income data are obtained from the Bureau of Economic
Analysis (BEA) Regional Income Accounts. MSA-level consumer price indices are drawn
from the Bureau of Labor Statistics (BLS) and are available for 21 large MSAs; we use
annual average CPI levels and restrict the analysis to this balanced sample.

Regional government consumption (Cft) and investment (Xft) are constructed from
federal military procurement data. For 1989-2003, we use the Defense Contract Action
Data System (DCADS) from the National Archives, and for 2004-2023, we use data from
USASpending.gov. Procurement contracts are classified as consumption or investment
based on product and service codes. Total regional government spending is defined as

— 8 8
Gl,t = Cl,t + Xl’,t.

2.3 Empirical Results

Preliminary evidence from aggregate data. Before turning to the MSA-level analysis,

we examine whether the fiscal price puzzle arises in aggregate data using our military

9
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procurement measure. Following Dupor and Guerrero (2017), we estimate cumulative
impulse responses using two-stage least squares.
In the first stage, cumulative h-year changes in government spending are regressed on

their contemporaneous change, with all variables normalized by lagged national income:

h
Gij— Gy G,-G
Z”]—tlzghf—f—lJreHh. (8)
= Y Y

In the second stage, we regress cumulative changes in the national price level on the

predicted cumulative government spending:

h
Pyn—P Gryj = G
il (il _— 4+ X+ . 9
P B2sLs,k E Y Y X+ Vi 9)

=0

The coefficient of interest, f,5;5, measures the cumulative response of the national
consumer price level to national defense spending shocks.®> The control vector X; includes
oil prices, the ex post real interest rate—defined as the difference between the three-
month Treasury bill rate and year-on-year CPI inflation—and their one-year lags, as in
Dupor and Guerrero (2017).*

Table 1 reports the estimated cumulative responses of the national CPI and core CPI
for horizons h = 1 through h = 4. In both cases, the point estimates are negative, con-
sistent with the fiscal price puzzle documented in the aggregate time-series literature.
Importantly, these aggregate estimates incorporate economy-wide general equilibrium

adjustments, including endogenous monetary policy responses.

Main results using MSA-level data. We next examine whether the negative aggregate

response reflects the intrinsic effect of fiscal expansions on prices or instead the influence

3Throughout the paper, the coefficient denotes the percentage change in the price level in response to a
one-percent increase in government spending relative to income.

“Dupor and Guerrero (2017) construct cumulative changes in national income and defense spending
over h years. The specification here parallels the regional fiscal multiplier and price-level regressions used
below.

10



Table 1: National price responses to government spending shocks

h=1 h=2 h=3 h=4
(A) National CPI: 2SLS (B2srs,1)

G -1.143*  -0.500  -0.301  0.437
(0.494)  (0.309)  (0.291) (0.434)
KP P-stat 99.328  95.647  55.262  45.279

(B) National Core CPI: 2SLS (Bs15.1)

G “1.313 -2.102%% -2.196**  -0.643
(1.213)  (1.043)  (1.024) (1.212)
KP F-stat  66.806  95.647  55.262 43.775

Obs 33 32 31 30

Note: Each column reports estimates of B0, from regressions of cumulative changes in the national CPI
(Panel A) or national core CPI (Panel B) on cumulative national government spending shocks at horizon
h. The data are annual and span 1989-2024. The coefficient denotes the percentage change in the price
level in response to a one-percent increase in government spending relative to income. Standard errors
are reported in parentheses. *, **, and *** denote statistical significance at the 10, 5, and 1 percent levels,
respectively. The Kleibergen—Paap Wald F-statistic is reported to assess weak identification.

of aggregate general equilibrium forces. Table 2 reports impulse responses of MSA-level
consumer prices to regional government spending shocks for horizons 4 = 0 through
h=4.

The table contains four panels. Panels (A) and (C) report results for headline CPI and
core CPI, respectively, from specifications that include both MSA and year fixed effects.
Panels (B) and (D) report the corresponding estimates from specifications that omit year
fixed effects.

Panels (A) and (C) show that regional government spending shocks raise local prices
when estimated with two-way fixed effects. The responses are positive and statistically
significant at medium horizons for both headline and core CPI, with larger effects for core
CPL

In contrast, Panels (B) and (D), which omit year fixed effects, yield substantially smaller
responses that are often negative. As discussed in Section 2.1, this specification allows

aggregate policy feedback to operate; the attenuation and sign reversals are consistent

11



Table 2: MSA-level price responses to government spending shocks

h=0 h=1 h=2 h=3 h=4
(A) MSA CPI: Two-Way Fixed Effects (BryrE )
G 0.085 0.081 0.108***  0.114* 0.039
(0.132) (0.077) (0.037)  (0.064)  (0.052)
KP F-stat 23.144 15.218 8.010 4.218 3.421
(B) MSA CPI: Region Fixed Effects Only (Brg ;)
G -0.031  -0.192 -0.272 -0.259%  -0.234**
(0.259) (0.202)  (0.168)  (0.128)  (0.105)
KP F-stat 72.001 44.215 18.399 9.062 6.906
(C) MSA Core CPI: Two-Way Fixed Effects (BryrE )
G 0.215* 0.124* 0.158*** 0.160**  0.124**
(0.126) (0.064)  (0.050)  (0.065)  (0.049)
KP F-stat 23.144 15.218 8.010 4.218 3.421
(D) MSA Core CPI: Region Fixed Effects Only (Brg ;)
G -0.141  -0.164 -0.286 -0.196 -0.150
(0.258) (0.215) (0.192)  (0.161)  (0.152)
KP F-stat 72.001 44.215 18.399 9.062 6.906

Obs 630 609 588 567 546

Note: Each column stands for estimates of Sty rg,, (TWFE estimator) and Srg j, (without time fixed effects)
across horizons. The balanced panel consists of observations of 21 MSAs from 1989 to 2023. The coeffi-
cient denotes the percentage change in the price level in response to a one-percent increase in government
spending relative to income. All regressions are panel 2SLS regressions, with Driscoll-Kraay standard er-
rors (3 lags). Standard errors are in parentheses. *, **, and *** represent the 10%, 5%, and 1% significance
levels, respectively. We include Kleibergen-Paap Wald F-statistics for weak identification tests.

with union-wide monetary responses offsetting local inflationary pressure.
Taken together, the results indicate positive relative regional price effects but muted
or negative responses once aggregate policy feedback is allowed to operate—providing a

straightforward interpretation of the fiscal price puzzle in aggregate data.

Consumption versus investment shocks. Table 3 reports analogous estimates that dis-
tinguish between regional government consumption (C¢€) and investment (X$) shocks.
Panels (A) and (C) present results for headline CPI, and Panels (B) and (D) report results
for core CPL.

Across both price measures, government consumption shocks generate larger and
more precisely estimated inflationary responses than government investment shocks in
the two-way fixed effects specifications. The difference is particularly pronounced for

core CPI, suggesting that government consumption—more concentrated in non-tradable

12



Table 3: MSA-level price responses to government consumption and investment shocks

h=0  h=1 h=2 h=3 h=4
(A) MSA CPI: Two-Way Fixed Effects (85, rz BTiwres)
c2 0228  0.230  0.241%  0.213%*  0.229%
(0.249)  (0.167)  (0.125)  (0.083)  (0.075)
X8 0.029  0.031  -0.004 0016  -0.073
(0.138)  (0.072)  (0.056)  (0.073)  (0.065)
Test BEvren =Brwres 0537 0364 0.155 0.171 0.025
LM Stat 116.800 55.021  78.210 42512  25.933
LM Stat CV 14.230  17.505  17.156  17.138  17.061
(B) MSA CPI: Region Fixed Effects Only (ﬁgE,h’ ﬁl)fth)
o 0.142 0379 0371 0.282  0.235
(0.750)  (0.436)  (0.307)  (0.286)  (0.249)
X8 -0.206  -0.280* -0.462*** -0.329**  -0.256
(0.279)  (0.159)  (0.137)  (0.128)  (0.164)
Test By, = Pr s 0.694  0.143  0.006 0.074  0.168
LM Stat 75.187  30.566  27.917  18.864  15.817
LM Stat CV 14.240 17.290  18.489  18.156  18.021
(C) MSA Core CPI: Two-Way Fixed Effects (ﬁ%WFE,h' ﬁ}T(WFE’h)
o 0.085  0.122  0.188  0.225%% 0.270%*
(0.234) (0.144)  (0.114)  (0.086)  (0.086)
X8 0.274*  0.138  0.097 0.079  0.007
(0.151)  (0.092)  (0.077)  (0.094)  (0.081)
Test BSyypp s = Brwess  0-563  0.942  0.606 0.383  0.091
LM Stat 116.800 55.021  78.210  42.512  25.933
LM Stat CV 14.227 17.501 17156  17.131  17.055
(D) MSA Core CPI: Region Fixed Effects Only (Bf; ;. Br.,)
c8 -0.329  0.018  0.083 0.067  0.036
(0.608)  (0.416)  (0.249)  (0.235)  (0.224)
X8 0.096  -0.194  -0.337  -0.316*  -0.272*
(0.354)  (0.252)  (0.210)  (0.160)  (0.157)
Test Brr = Prps 0.611 0704  0.251 0.240 0.357
LM Stat 75.187  30.566  27.917  18.864  15.817
LM Stat CV 14.245 17294 18517  18.180  18.053
Obs 630 609 588 567 546

Note: Each column stands for estimates of ﬁ%WPE,h and ﬁ%WFE,h and [J’gE’h and ﬁI)S(E,h across horizons. The
balanced panel consists of observations of 21 MSAs from 1989 to 2023. The coefficient denotes the per-
centage change in the price level in response to a one-percent increase in government spending relative to
income. All regressions are panel 2SLS regressions, with Driscoll-Kraay standard errors (3 lags). Standard
errors are in parentheses. *, **, and *** represent the 10%, 5%, and 1% significance levels, respectively. We
include the weak IV test statistics of Lewis and Mertens (2022) (“LM Stat”), as well as the critical values
(“LM Stat CV”) at a confidence level of 95% and Nagar’s relative bias threshold of 30%.

service sectors—exerts stronger local demand pressure on prices.
As in Table 2, omitting year fixed effects leads to attenuation or sign reversals in the

estimated coefficients. This pattern reinforces the interpretation that aggregate policy

13



feedback plays a central role in shaping national price outcomes. Distinguishing be-
tween consumption and investment is therefore important for understanding both the

magnitude and the transmission of fiscal shocks.

Income responses. We provide complementary evidence in Table 4, which reports the
effects of regional government spending shocks on MSA-level personal income growth.
The dependent variable is the h-period forward growth rate in personal income, (Y ;.5 —
Yi¢-1)/Yi -1, estimated over the same sample of 21 MSAs from 1989 to 2023.

Panel (A) shows that aggregate regional government spending shocks increase local
income when estimated with two-way fixed effects. Panel (C) further indicates that both
government consumption and investment shocks generate positive income responses at
the regional level, although the effect is primarily driven by government consumption.
These findings are consistent with regional fiscal expansions operating as local demand
shocks that raise both prices and incomes in exposed areas.

When year fixed effects are omitted, however, income multipliers are markedly smaller
and can turn negative—especially for investment—consistent with aggregate endogenous
adjustments offsetting local expansionary effects.

Overall, the empirical evidence points to two key elements underlying the fiscal price
puzzle: (i) aggregate general equilibrium adjustments, especially centralized monetary
policy responses, and (ii) the composition of government spending. While two-way fixed
effects specifications isolate local relative price effects, they do not by themselves quan-
tify the aggregate policy feedback that emerges in national data. To characterize these
mechanisms explicitly and provide a structural interpretation of the empirical findings,

we next develop a multi-region New Keynesian DSGE model.
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Table 4: MSA-level personal income responses to government spending shocks

h=0 h=1 h=2 h=3 h=4
(A) MSA Personal Income: Two-Way Fixed Effects (Srwrg ;)

G 0.108 0.077 0.254 0.358** 0.229
(0.192)  (0.224) (0.163)  (0.174)  (0.135)

KP F-stat 23.144 15.218 8.010 4.218 3.421

(B) MSA Personal Income: Region Fixed Effects Only (Brr )

G 0.684 -0.093 -0.309 -0.852%%  -0.693**
(0.498)  (0.397) (0.326)  (0.350)  (0.295)

KP F-stat 72.001 44.215 18.399 9.062 6.906

(C) MSA Personal Income: Two-Way Fixed Effects (ﬂ%WFE,h' ﬂ%wpah)

Ccs 0.134 0.536  0.837*** 0.835%** (.734***
(0.527) (0.424) (0.244)  (0.188)  (0.142)

X8 0.300** 0.034 0.003 -0.015 -0.115

(0.137)  (0.100)  (0.093)  (0.103)  (0.098)
Test Bvwren = Brwees 0788 0276 0.010 0.001 0.000

LM Stat 118.330 53.290 52.409 34.487 28.833
LM Stat CV 14.187 16.928 17.457 17.129 17.061
(D) MSA Personal Income: Region Fixed Effects Only (ﬁFCE’h, [)’?E’h)
ce? 0.812  0.120  -0.660  -0.226  -0.146

(1.203)  (0.862) (0.714)  (0.577)  (0.479)
X8 0.673 -0.081 -0.112 -0.899*%  -0.723*

(0.628)  (0.422) (0.369)  (0.421)  (0.386)
Test By, = Be 0.929  0.842 0533 0352 0.406
LM Stat 75.187  30.566 27.917 18.864 15.817
LM Stat CV 14.240 17.292 18.508 18.153 17.989
Obs 630 609 588 567 546

Note: Each column stands for estimates of Srwrgp, ﬁ%WFE,h' and ﬁ%(WFE,h and Brg p, ﬂlgE,h' and ﬂli(E,h (with-
out time fixed effects) across horizons. The balanced panel consists of observations of 21 MSAs from 1989
to 2023. All regressions are panel 2SLS regressions, with Driscoll-Kraay standard errors (3 lags). Standard
errors are in parentheses. *, **, and *** represent the 10%, 5%, and 1% significance levels, respectively.
For regressions with only government spending shocks (G), we include Kleibergen-Paap Wald F-statistics
for weak identification tests and Wald tests for equality of coefficients. For regressions with government
consumption (C8) and investment (X$) shocks, we include the weak IV test statistics of Lewis and Mertens
(2022) (“LM Stat”), as well as the critical values (“LM Stat CV”) at a confidence level of 95% and Nagar’s
relative bias threshold of 30%.

3 Model

As in Nakamura and Steinsson (2014), we construct an otherwise standard New Keyne-
sian DSGE model of a J-region monetary union, where | > 2. Each region represents a
distinct geographic area, sharing a common currency and centralized monetary author-

ity that sets policy according to a Taylor rule. The model captures both partial and gen-
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eral equilibrium effects of localized fiscal shocks, allowing us to trace their transmission

through relative prices and output in both regions and at the aggregate level.

3.1 General Framework

We describe the linearized New Keynesian model of the multi-region monetary union.

Given the number of regions | > 2, the monetary union J is defined as a set of regions

CES preferences. A representative household of each region j € 7 demands a CES ag-
gregator of consumption goods produced from each region i € J of the monetary union.
We denote the flow of goods produced in region i and consumed in region j in period ¢
as C]l:’t.

The steady-state consumption shares of households in region j of goods produced in

region i are denoted as )(;'- €(0,1), with
Y - 1vies
ieJ

Also, each region has output shares w; € (0,1), with

ijzl

j€J

With this, region-j household consumption C; ; can be defined as

= |l )| 10

ieJ

where v > 1 is the elasticity of substitution between consumption goods from different

i

regions. The demand of consumption good C i

relative to the region-j CES aggregator
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Cj 1, is given by the relative ratio of their corresponding price levels P]Zt and P; :

P
i _ . |t
Cj:t - C]’t[Pj,t] (11)

The regional Consumer Price Index P; ; is aggregated as follows:

1
v
Py = Vje(H,F), (12)

) K

ie{H,F}

Households. The region-j representative household solves the following optimization

problem:

- 1+
e cl-e N,
max [E, Zﬁt ML
CioNjy = -0 1+79y
s.t. Bj,t+1 + ljj’th’t + ’T]"t = Wj,th,t + B],t(l + Zt) + Hj,tl (13)

where all variables with subscripts j stand for region-j variables: B; ; is one-period risk-
free bonds held by the household at the beginning of period t, N;; is labor supply, P;;
is the price level, T;; is lump-sum taxes, W;; is the (nominal) wage level, and II;; is
firm profits. i; is the nominal interest rate from the common (aggregate) monetary policy
across all regions in the monetary union.

The first-order conditions yield the labor supply condition and the Euler equation:

-0

R
Nj, = W]'t_P],'t (14)
c¢ C:¢

It Jt+l .

it _ g (1+i,) (15)
] oy f]
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Firms. Each region-j intermediate-goods firm z € [0,1] also demands labor N; (z) and

produces output specified by a Cobb-Douglas production function:
Yj4(2) = Njy(2)' (16)

Price setting follows Calvo pricing. Log-linearizing the optimal pricing condition

yields the New Keynesian Phillips curve:

Tt = PETT 11 + K MC) 4, (17)

where x = w.

As in standard multi-region models, we impose the law of one price: all goods pro-

duced in region j sell for the same price across destinations:

i pl | .. . .
Pl.,t_Pj’t or 71 =75 , Vi,je J,Vi#] (18)
Market clearing and aggregation. Region-j output Y, is expended in one of three
ways: as its own consumption C]].’t, as consumption goods for the other region (i = j)

Cit, and as region-j government spending;:

Y=Y ClL+Gj (19)

ieJ
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Regional variables are aggregated into aggregate variables as such:

Yi=) Y, (20)

jeg
Gt = ZG]"t (21)
jeg
T = Z(I)]’T(]”t (22)
jeJ

Monetary Policy. Monetary policy is centralized at the union level. The common nom-

inal interest rate satisfies

It = QuT + Gy1, (23)

where 7; and y; denote union-wide inflation and output in log deviations from steady
state.

We also consider monetary policy under a constant real rate rule, as computed by
Nakamura and Steinsson (2014), which includes a third term g; for the log deviation of

aggregate government spending from its steady state.

It = PrTt+ Pyyi + P8 (24)

Fiscal policy. Regional government purchases G;; are financed by regional lump-sum
taxes T]-,t:5

G:

i =Tj

% (25)

>The size of fiscal multipliers may depend on the way government spending is financed (see, among
others, Zubairy, 2014; Leeper et al., 2017; Gali, 2020; Priftis and Zimic, 2021). In this paper, we abstract
from alternative financing schemes and focus on isolating the role of partial- versus general-equilibrium
mechanisms in shaping the price response to government spending.
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Table 5: Calibration of parameters

Parameter Value Description
B 0.995 Discount factor
o 1 Inverse of intertemporal elasticity of substitution
Y 1 Inverse of Frisch elasticity of labor supply
a 1/3 Cobb-Douglas production parameter (1 - labor share of income)
0 3/4 Calvo pricing parameter
v 2 Elasticity of substitution of goods across regions
Oq 0.933 Persistence of regional government spending shock
Sg 0.2 Steady-state output share of government spending
Se 1—s, Steady-state output share of consumption
wy 0.02 Steady-state union share of Home region
wWE 1-wy Steady-state union share of Foreign region
)(g 0.7 Home share of Home consumption (Home bias)
)(g 1- )(g Foreign share of Home consumption
xH wy x5/ we Home share of Foreign consumption
Xk 1-xH Foreign share of Foreign consumption

Note: This table describes the calibration of parameters for the two-region monetary union model with
government spending. Parameters are quarterly.

and follow a first-order autoregressive (AR(1)) process with persistence p, € (0,1) and
regional government purchase shocks e}g’t:

G]"t = (1 - pg)G] + ngj,t—l + €}g't.

3.2 Calibration

We calibrate the model at a quarterly frequency and focus on a two-region monetary
union (/ = 2), consisting of a Home region and a Foreign region. The calibration is de-
signed to reflect key features of the U.S. economy while remaining close to standard val-
ues used in the New Keynesian and regional fiscal multiplier literatures, in particular

Nakamura and Steinsson (2014). Table 5 summarizes calibrated parameters.

Regional structure. The Home region is assumed to account for 2 percent of aggre-

gate union output (wy = 0.02), with the Foreign region comprising the remaining 98
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percent. This choice mirrors the relative size of a representative U.S. state within the na-
tional economy, following Nakamura and Steinsson (2014).° Modeling the Home region
as small ensures that regional fiscal expansions have limited direct effects on union-wide
aggregates, a feature that is central to our analysis of partial- versus general-equilibrium

price responses.

Preferences and technology. The discount factor is set to f = 0.995, implying an annual
real interest rate of approximately 2 percent. The coefficient of relative risk aversion is
set to 0 = 1, while the inverse Frisch elasticity of labor supply is ¢ = 1. Production in each
region follows a Cobb-Douglas technology with a labor share of 2/3. Prices are subject
to Calvo-style nominal rigidities, with firms adjusting prices with probability 1 — 6 each
quarter. We set 6 = 3/4, which implies an average price duration of four quarters and is

in line with empirical evidence on price stickiness.

Trade structure and home bias. Households in each region consume a CES aggregate
of goods produced in the Home and Foreign regions. The elasticity of substitution across
regional goods is set to v = 2, a commonly used value in multi-region and open-economy
New Keynesian models. We introduce home bias in consumption to reflect limited trade
integration across regions. Specifically, households in the Home region allocate 70 per-
cent of their consumption expenditure to Home-produced goods (x} = 0.7), with the re-
mainder spent on Foreign goods. The corresponding consumption shares for the Foreign
region are determined by market-clearing conditions and the relative size of each region,

ensuring consistency between expenditure shares and production shares in steady state.

Fiscal policy. Government spending is modeled as exogenous purchases of goods and

services that are financed by lump-sum taxes at the regional level. The steady-state share

% Although our empirical analysis uses MSA-level CPI data due to limited availability of consistent state-
level price indices, we calibrate the model to the state-level framework of Nakamura and Steinsson (2014)
to facilitate comparison.
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of government spending in output is set to s, = 0.2, implying a consumption share of
Sc = 1 —s,. This value is consistent with postwar averages for government purchases in
the United States. Regional government spending follows an AR(1) process with per-
sistence parameter p, = 0.933, corresponding to a highly persistent but stationary fiscal
shock. This value matches the estimated persistence of aggregate military procurement

spending shocks reported in Nakamura and Steinsson (2014).

Monetary policy. Monetary policy is conducted at the union-wide level and follows
a Taylor-type interest rate rule. In the baseline specification, the nominal interest rate
responds to aggregate inflation with coefficient ¢,, = 1.5 and to aggregate output with
coefficient ¢, = 0.125. These values satisfy the Taylor principle and are standard in the

New Keynesian literature.

Table 6: Calibration of monetary policy parameters

Monetary Policy P Py Pq
Taylor rule, baseline 1.5 0.125 0

-1
Constant real rate rule 1.5 0 ~(¢r —py) ( l—Zpg )((1_0(;&(1;1&)1/ )
Taylor rule, lower ¢, 1.1 0.125 0
Taylor rule, lower ¢, 1.5 0 0

Note: This table describes the calibration of monetary policy parameters under alternative monetary policy
rules.

To assess the role of endogenous monetary policy responses, we also consider several
alternative policy regimes. First, we analyze a constant real interest rate rule, following
Nakamura and Steinsson (2014), under which the nominal rate is adjusted to offset move-
ments in expected inflation induced by government spending shocks. This specification
effectively shuts down the monetary policy channel and isolates the pure fiscal transmis-
sion mechanism. Second, we consider counterfactual Taylor rules with a weaker response
to inflation (¢, = 1.1) or no response to output (¢, = 0), which allow us to examine how

the strength of monetary policy feedback affects regional and aggregate price dynamics
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(see Table 6).

4 Resolving the Fiscal Price Puzzle

4.1 Role of General Equilibrium Effects

We use the model to clarify how regional fiscal expansions can generate positive local
inflation while producing muted or negative aggregate price responses once monetary
policy reacts. The key distinction mirrors our empirical analysis: relative regional price
movements isolate local demand effects, whereas aggregate price dynamics incorporate
economy-wide general equilibrium feedback.

We consider a two-region monetary union with Home (H) and Foreign (F). Let

Ye

:1—Q)H,

w —H WE =
H > F =
Y}

denote steady-state income shares, where Y = Y + Yz. We set wy = 0.02, consistent with
the size of a representative U.S. state.

Throughout this section, fiscal shocks are normalized by regional income, consistent
with the empirical specification. A Home government spending shock of “1%” refers to

an increase in Gy ; equal to 1 percent of Home output, i.e.,

AGp

=0.01.
Yt

As in Nakamura and Steinsson (2014), all reported price and output responses are two-
year cumulative percent changes. We simulate the model for 250 periods and repeat the

experiment 10,000 times; the reported coefficients are averages across simulations.
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Regional and aggregate objects. Let Ap, ; denote the two-year cumulative percent change

in the regional price level,
Ap _ Pi,t+2 - Pi,t
P peliacii.g
1 Py
and let Ag; ; denote the two-year cumulative percentage change in regional government

spending, normalized by regional output,

Ao = Gitr1=Gir | Girra=Gir _ AGiy
S = Yi Yi - Y

Following a Home fiscal shock, we define ff and £ as follows:

App = ﬁIZIAgH,t’ (27)

Apr = ﬁ[I?{AgH,t- (28)

The responses to a Foreign fiscal shock are defined analogously.
The model counterpart to the empirical two-way fixed effects estimator (Srwrg) is the

differential regional response:
H _ pH H
ﬁreg = ﬁH - ﬁF :

This object captures the relative inflationary effect across regions. Because monetary pol-

icy is common to both regions, its effects largely cancel in the relative price difference

H

App+ — Appy, rendering Breg

largely insensitive to the monetary policy rule. This invari-
ance mirrors our empirical identification strategy: following Chodorow-Reich (2019) and
Chodorow-Reich (2020), the within-union relative price response corresponds to the lo-
cal treatment effect in our panel regressions with two-way fixed effects and it is therefore

comparable to the estimates in Panels (A) and (C) of Table 2.

Aggregate prices are defined as the income-weighted average:

ags

Ap;®® = wgApp, + WpApF ;.
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Thus, the aggregate response to a Home-specific shock is

H H H
ﬁagg = whPy + WrPF -

To relate aggregate fiscal impulses to regional shocks, note that

AG;  AGp,;+AGE,
Y, Y,
_ Yu,: AGp, N Y AGE,
Yo Yu, Y YE,
AGy AGg,

= Wy + Wwp B (29)
Yt YE ¢
where the final expression uses steady-state income shares, and thus
Agt ~ Wy AgH + + WrAGE . (30)

A union-wide fiscal expansion is defined as a simultaneous 1 percent increase in gov-

ernment spending in both regions relative to their own output:
Gh,+1 = GH,t _ Gpiv1 = Gry

Y s Y

Under this symmetric shock, (G;,1—G;)/Y; = 0.01, so the aggregate price response satisfies

Ap?gg = ﬁaggAgt’

Finally, consistent with the column definitions in Table 7, the aggregate responses can be

summarized as

H F
Pagg = WHPagg + WFPages

where BH _ denotes the union-wide price response to a Home-only shock, 8% denotes the
agg p p y agg

response to a Foreign-only shock, and denotes the response to a symmetric union-
p g y agg p y

25



Table 7: Model-simulated price responses to a government spending shock

Monetary Policy Rule B BY Bl tee  DBhge  Bagg
Taylor rule (¢, = 1.5, ({)y =0.125) 0.142 0.105 0.036 0.106 -0.117 -0.118
Constant real rate rule 0.165 0.129 0.036 1.626 1.662 1.661

Taylor rule (¢, =1.1, ¢, =0.125) 0.324 0.288 0.036 0.289 -0.321 -0.321
Taylor rule (¢, = 1.5, ¢, = 0.0) 0.149 0.113 0.036 0.113 -0.054 -0.053

Note: This table presents model-simulated two-year price responses to a cumulative government spending
shock equivalent to 1% of output at the base year, under alternative monetary policy rules.

wide fiscal expansion.

Monetary policy regimes. Table 7 reports model-simulated two-year price responses
under alternative monetary policy rules. The table presents (i) regional price responses
to a Home-specific fiscal shock equal to 1 percent of Home output, (ii) the corresponding
union-wide price response to that Home shock, (iii) the union-wide price response to
a Foreign-specific shock of equal size relative to Foreign output, and (iv) the aggregate
response to a symmetric union-wide fiscal expansion in which government spending rises
by 1 percent of output in both regions simultaneously.

The baseline specification follows a standard Taylor rule with ¢, = 1.5 and ¢, = 0.125.
We also consider a constant real interest rate regime that shuts down systematic monetary
responses to aggregate conditions, following Nakamura and Steinsson (2014). Finally, we
explore alternative Taylor rule calibrations with weaker inflation feedback (¢, = 1.1) and
no output feedback (¢, = 0).

Across all specifications, the differential regional response ﬁfgg remains essentially
unchanged at about 0.036 percent. This invariance reflects the fact that relative regional
price movements are largely insulated from common monetary policy responses, consis-
tent with the identification argument in McLeay and Tenreyro (2020). Empirically, this
logic helps reconcile why regional price responses are positive even when aggregate evi-
dence points toward disinflationary effects: the regional object isolates the local demand

channel that operates within treated locations.
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In contrast, aggregate price responses vary substantially across regimes. Under the
baseline Taylor rule, the union-wide aggregate response is negative (f,,, = —0.118), de-
spite positive regional responses to a Home-specific shock. When monetary policy does
not respond to aggregate conditions, the aggregate price response rises sharply (Bue0 =
1.661). These results demonstrate that the fiscal price puzzle arises from aggregate pol-
icy feedback rather than from the absence of local demand effects. By contrast to the
relative object ﬁgg, aggregate inflation directly reflects the monetary response to union-
wide conditions, making f,.. highly sensitive to the policy parameters (¢, ¢y).

The mechanism is standard in New Keynesian models. When monetary policy re-
sponds to higher inflation, the real interest rate rises, compressing private demand through
intertemporal substitution and attenuating the aggregate price response. In the absence
of monetary responses, this contractionary channel is muted, leading to larger output
and inflation effects, consistent with Woodford (2011), Nakamura and Steinsson (2014),

and Miyamoto et al. (2018).

Output responses. Table 8 presents corresponding output responses. The regional mul-
tiplier ﬁgg remains stable across policy regimes, while aggregate multipliers vary sub-
stantially. Under the constant real rate rule, the aggregate multiplier rises to 1.128, com-
pared with 0.406 under the baseline Taylor rule. These results are consistent with Naka-
mura and Steinsson (2014) and reinforce the central role of monetary policy in shaping
aggregate fiscal effects. They also connect to our empirical evidence on regional income

responses: Panels (A) and (B) of Table 4 exhibit the same qualitative pattern as the model.

4.2 Composition of Government Spending

We now extend the analysis to examine how the composition of government spend-
ing—consumption versus investment—interacts with general equilibrium forces to shape

inflation dynamics. This extension builds on the two-sector New Keynesian framework
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Table 8: Model-simulated output responses to a government spending shock

Monetary Policy Rule Bg 5;1 ﬁgg fggg ﬁfgg Bagg
Taylor rule (¢, = 1.5, qby =0.125) 0.512 0.040 0.469 0.050 0.397 0.406
Constant real rate rule 0.526 0.054 0.469 0.064 1.105 1.128

Taylor rule (¢, =1.1, ¢, =0.125) 0.585 0.114 0.469 0.123 0.314 0.323
Taylor rule (¢, = 1.5, ¢, = 0.0) 0.515 0.044 0.469 0.053 0.423 0.433

Note: This table presents model-simulated two-year cumulative output level responses to a cumulative
government spending shock equivalent to 1% of output at the base year, under alternative monetary policy
rules.

of Boehm (2020) and the two-region two-sector monetary union structure of Koh (2025).
Further details on the two-region two-sector monetary union model are illustrated in
Appendix C.

The key insight is that the inflationary ranking of fiscal instruments need not be in-
variant to the level of aggregation. An instrument that generates stronger regional in-
flationary pressures may produce weaker aggregate price increases once monetary policy
responds endogenously. This interaction between spending composition and centralized
monetary policy provides a unified explanation for seemingly conflicting evidence in the
literature, including the finding in Klein and Linnemann (2023) that government invest-

ment shocks can be more inflationary in the aggregate.

Economic mechanism. The model features two production sectors: consumption goods
and investment goods. Government consumption directly increases demand for con-
sumption goods, which are relatively non-durable and less easily postponed. Households
respond to higher consumption-good prices primarily by supplying more labor rather
than cutting consumption sharply. As a result, government consumption shocks generate
strong local output and price responses.

In contrast, government investment raises demand for investment goods that yield
longer-lived returns. Private agents can more easily postpone investment, leading to

stronger crowding out of private capital formation. Consequently, government invest-
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ment shocks produce smaller short-run output and inflation responses at the regional
level.

When embedded in a monetary union with a centralized Taylor rule, these sectoral
differences acquire aggregate implications. Because government consumption shocks
generate stronger local inflationary pressures, they induce a more aggressive monetary
response. The resulting increase in the real interest rate compresses aggregate demand
sufficiently to dampen union-wide inflation. By contrast, government investment shocks
are less inflationary locally and therefore elicit weaker monetary policy responses, lead-
ing to comparatively larger aggregate price effects.

This mechanism is directly relevant for interpreting our empirical decomposition of
local CPI responses into government consumption and government investment compo-
nents (Table 3): since CPI is a consumption price index, it should primarily load on the
consumption-goods sector and therefore respond more strongly to government consump-

tion shocks.

Differential output responses. Table 9 reports model-simulated two-year cumulative
output responses to government consumption and investment shocks, each equal to 1
percent of regional output in the base year.

Under the baseline Taylor rule, the regional multiplier is substantially larger for con-
sumption than for investment: ﬁf’elg =0.500 versus ﬁfé? = 0.245. The same ranking holds

for aggregate output: Bg,, = 0.352 compared with 7., = 0.177. Thus, consumption

shocks are more expansionary both regionally and in the aggregate.

Differential price responses. Table 10 reports corresponding two-year cumulative changes
in price levels (which we refer to as cumulative inflation for brevity). A union-wide (sym-
metric) shock is defined as a simultaneous one-percent increase in government spending

in both regions relative to their own output.

At the regional level, consumption shocks are considerably more inflationary than
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Table 9: Model-simulated output responses to government consumption and investment
shocks

Panel (A): Government Consumption Shock

Monetary Policy Rule oH oH o pud By B Bagg
Taylor rule ((j),Z =1.5, cj)y =0.125) 0.510 0.012 0.500 0.022 0.345 0.352
Constant real rate rule 0.515 0.015 0.500 0.025 0.369 0.377
Panel (B): Government Investment Shock

Monetary Policy Rule ;{’H ;’H ﬁfé? ﬁii'gg ﬁ;‘:gpg ngg
Taylor rule (¢, = 1.5, (l)y =0.125) 0.223 -0.022 0.245 -0.017 0.175 0.177
Constant real rate rule 0.229 -0.029 0.247 -0.024 0.193 0.197

Note: This table presents model-simulated two-year cumulative output responses to cumulative govern-
ment consumption and cumulative investment shocks, each equivalent to 1% of output in the base year,
under alternative monetary policy rules.

investment shocks: [j’fé? = 0.309 versus /)’fé? = 0.088. This ranking mirrors the output
results and aligns with our empirical evidence using MSA-level CPI data. In particular,
the qualitative pattern in Table 3—Ilarger CPI responses to government consumption than
to government investment—maps naturally into the consumption-goods component of
the model.

However, the ranking changes at the aggregate level. Under the baseline Taylor rule,
the union-wide inflation response to a symmetric consumption shock is negative (B, =
—0.042), whereas the corresponding response to an investment shock is positive (8z,, =
0.014). Thus, although government consumption is more inflationary in relative regional
prices, it produces weaker—and even negative—aggregate inflation once monetary policy
reacts.

This reversal arises because consumption shocks generate stronger local price pres-
sures, which trigger more aggressive monetary responses. More broadly, this mechanism
provides a parsimonious resolution to the empirical finding in Klein and Linnemann
(2023) that government investment shocks can be more inflationary in the aggregate:

even when consumption shocks dominate in local demand and local CPI inflation, cen-
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Table 10: Model-simulated price responses to government consumption and investment
shocks

Panel (A): Government Consumption Shock

. ,H ,H ;H IH IF

Monetary Policy Rule i s Breg  Bdge  Bagg  Blhge
Taylor rule (({)TZ =1.5, (Py =0.125) 0.319 0.010 0.309 0.017 -0.042 -0.042
Constant real rate rule 0.322 0.014 0.309 0.021 0.032 0.033
Panel (B): Government Investment Shock

Monetary Policy Rule ;CI’H ;’H 5?@? ﬁﬁ'gg ﬁZ’gI; -
Taylor rule (¢, = 1.5, ¢y = 0.125) 0.065 -0.026 0.088 -0.024 0.014 0.014
Constant real rate rule 0.077 -0.015 0.088 -0.014 -0.005 -0.006

Note: This table presents model-simulated two-year cumulative price responses to cumulative government
consumption and investment shocks, each equivalent to 1% of output in the base year, under alternative
monetary policy rules.

tralized monetary policy can flip the ranking at the union level.

Sectoral price decomposition. To clarify the transmission mechanism, Table 11 reports
sectoral price responses. Consistent with this mapping, consumption-goods prices re-
spond strongly to government consumption shocks, whereas investment-goods prices re-
spond disproportionately to government investment shocks. These sectoral patterns also
help rationalize why union-wide inflation can be weaker under consumption shocks: the
tighter monetary response induced by broad consumption-goods inflation spills over into
a pronounced disinflation in investment-goods prices, especially when shocks originate
in the large Foreign region.

Taken together, these results reveal a central contribution of the paper: the inflation-
ary effects of fiscal policy depend jointly on spending composition and general equilib-
rium interactions. In both data and theory, regional fiscal expansions raise local prices
and output, consistent with a positive local demand channel, yet aggregate price dynam-
ics are governed by centralized monetary policy responses that can overturn the local
ranking of fiscal instruments.

Instruments that are more inflationary in regional relative prices need not be more
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Table 11: Model-simulated price responses of consumption and investment goods to gov-
ernment consumption and investment shocks

Panel (A): Consumption-Goods Price Level Response to Government Consumption Shock

Monetary Policy Rule ot ot ﬁreg /Bagg 5agg Bagg
Taylor rule ((j),Z =1.5, (Py =0.125) 0.334 0.008 0.326 0.015 -0.006 -0.006
Constant real rate rule 0.338 0.013 0.326 0.019 0.066 0.067
Panel (B): Consumption-Goods Price Level Response to Government Investment Shock
Monetary Policy Rule ;‘I’H ;’H Breg ﬁagg ﬁagg -
Taylor rule (¢, = 1.5, ¢y = 0.125) 0.024 -0.019 0.042 -0.018 -0.032 -0.033
Constant real rate rule 0.037 -0.011 0.044 -0.010 -0.050 -0.051
Panel (C): Investment-Goods Price Level Response to Government Consumption Shock
Monetary Policy Rule ﬁH ;’H ﬁreg ,Bagg ﬁagg Bagg
Taylor rule ((j)n =1.5, 4)31 =0.125) 0.259 0.018 0.241 0.023 -0.186 ~-0.189
Constant real rate rule 0.262 0.021 0.241 0.026 -0.104 -0.106

Panel (D): Investment-Goods Price Level Response to Government Investment Shock

x,H x,H

Monetary Policy Rule H j Breg ﬁagg ﬁagg ;‘gg
Taylor rule (q)7T =1.5, qby =0.125) 0.225 -0.052 0.270 -0.046 0.201 0.204
Constant real rate rule 0.239 -0.034 0.268 -0.028 0.174 0.177

Note: This table presents model-simulated two-year cumulative price responses of consumption and in-
vestment goods to cumulative government consumption and investment shocks, each equivalent to 1% of
output in the base year, under alternative monetary policy rules.

inflationary in aggregate. Once centralized monetary policy is taken into account, the
ranking of fiscal instruments can reverse across levels of aggregation, providing a parsi-
monious resolution to the fiscal price puzzle and a coherent interpretation of the aggre-

gate patterns emphasized by Klein and Linnemann (2023).

5 Conclusion

This paper provides a transparent resolution of the fiscal price puzzle—the lack of con-
sensus regarding the inflationary effects of government spending shocks. We argue that

the puzzle reflects differences in aggregation rather than a failure of intrinsic demand

32



transmission. Regional fiscal expansions raise local consumer prices and incomes when
identified from cross-sectional variation, consistent with standard New Keynesian de-
mand mechanisms. However, when aggregate conditions are allowed to respond endoge-
nously, the same shocks can generate attenuated or even negative price responses due to
union-wide monetary responses. By combining new regional evidence with a two-region
New Keynesian model, we show how partial- and general-equilibrium forces jointly de-
termine observed price dynamics.

We further document and rationalize heterogeneity across spending types. Govern-
ment consumption shocks are more expansionary and more inflationary in regional con-
sumer prices—particularly in consumption-goods sectors—than investment shocks. Yet
precisely because they generate stronger local inflationary pressures, they induce more
aggressive monetary responses and can produce smaller aggregate price effects. The in-
flationary ranking of fiscal instruments is therefore not invariant to the level of aggrega-
tion.

Taken together, our results highlight the importance of accounting for both general
equilibrium monetary feedback and the composition of government spending when eval-
uating the inflationary consequences of fiscal policy. Future empirical work should care-
fully distinguish between relative regional price effects and aggregate price dynamics, as

well as between consumption and investment components of government spending.
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Appendix

A Data Description

This appendix section describes the annual MSA-level panel dataset used in the empirical
analysis in detail.

We construct annual frequency, MSA-level federal military government procurements
based on the methodology in Auerbach et al. (2020), Muratori et al. (2023), and Koh
(2025).

1. We collect transaction-level data of U.S. federal government purchases for Fiscal
Years 1989 to 2024. For the years 2004 to 2024, we use federal military procurement
data from www.USASpending.gov by filtering only procurements assigned by the
Department of Defense. For the years 1989 to 2003, we use the National Archives’

electronic database of DD-350 military procurement forms.

2. For each calendar year t and each state i, we sum up “federal action obligation”
amounts that the U.S. federal government had procured in regional government
consumption (C;-gt) or regional government investment (X;gt) based on the action

date and place of performance of the contract.

3. Following the methodology in Koh (2025), we also classify each transaction into ei-
ther government consumption or government investment based on each contract’s
Product Service Code (PSC). The PSC indicates the type of goods purchased by
the government. Each 4-digit PSC code indicates a category of research and de-
velopment (R&D), services, or goods. We identify government consumption and
investment given the first letter or first two digits.” As in Koh (2025), we generally

categorize non-durable goods, durable goods, and services spending as government

’See the PSC Manual by the General Services Administration for more information.
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https://www.acquisition.gov/psc-manual

consumption, and structures, equipment, vehicles, and R&D spending as govern-

ment investment.

The sample covers all 21 MSAs over the calendar years 1989-2024. All nominal vari-

ables, including government spending and personal income, are converted to real terms

using the national Consumer Price Index (CPI) from the Bureau of Labor Statistics. Table

A.1 reports summary statistics for government consumption and investment, along with

their subcategories. Table A.2 presents summary statistics for the MSA-level variables

used in the estimation.

Table A.1: Summary statistics for government purchases

Category Mean St. Dev. Min Max
Government Purchases 170.94 35.16 88.95 236.65
Government Consumption 67.49 19.94 43.78 113.43
Government Investment 103.45 27.89 36.63 180.03

Note: This table reports summary statistics for government purchases across 21 metropolitan statistical ar-
eas (MSAs) over the period 1989-2024. All variables are measured in billions of real U.S. dollars, expressed

in constant 2017 dollars.

Table A.2: Summary statistics for MSA-level data

Mean St. Dev. Min Max
MSA Personal Income ($B) 298.36  243.52 61.42 1,505.44
MSA Population (Million Persons) 5.60 4.00 1.66 20.07
MSA G / MSA Personal Income (%) 2.06 2.22  0.05 12.61
MSA C& / MSA Personal Income (%) 1.30 1.61  0.00 10.42
MSA X8 / MSA Personal Income (%) 0.76 1.23  0.03 10.09
MSA share of G; (%) 2.80 3.08 0.12 20.39
MSA share of C? (%) 3.01 4.25  0.00 31.45
MSA share of X5 (%) 2.46 313 0.10  23.03

Note: This table reports summary statistics for MSA-level data across 21 metropolitan statistical areas

(MSAs) over the period 1989-2024.
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B Linearized New Keynesian Model of Monetary Union

The linearized model is as follows:

(C;’,t - C;' 1) = (¢ —Cji1) — V(T(;,t - T(;,t—l) Vi,jeJ

ft—ZXJ ]tv]eJ
ieJ

—0¢j = —0BCj 1 + (i —Eimj ) Vi €T
4’”j,t =Wjt—=0Cjt—Pjt
7t = BETt 1 +kmc Vi €T
MCj s = W)t — P+ VieJd
yip=1-am VjeJ

Vit =5¢8je+ (1 szthZJEJli]
ieJ

I T .
ni’t_nj’t\v’z,]ej,\v’z:t]

Vi = ijyj,t

jeg

8= ijgj,t
jeT

TZt = Z(Ujﬂjyt
jeT

It = QuTl+ Gyyi + Po g

8jr=Pggj1+€5, VjeT

(B.1)

(B.2)

(B.3)
(B.4)
(B.5)
(B.6)
(B.7)

(B.8)

(B.9)

(B.10)

(B.11)

(B.12)

(B.13)

(B.14)

The linearized model of the J-region monetary union has 2]%+8]+4 equations for 2J?+8] +

-
4 endogenous variables, with | exogenous regional government spending shocks { € t}]
=
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C Two-Sector Two-Region Monetary Union Model

This appendix section describes the model of a two-sector, two-region monetary union

used in Section 5.

C.1 Households

There are two regions, Home (H) and Foreign (F), with GDP weights wy and wr = 1-wy,
respectively. Each region has two sectors: a consumption-goods sector denoted as c, and
an investment-goods sector denoted as x. Each region j € {H,F} has a representative

household, whose lifetime utility is as follows:

hh1 1+1

N 1
g jot
Ui = IEoZﬁ +T(CS)) = T (C.1)
. k,
s.t. Bj,t+P].ftc].’f’;+P]?jt(X]ﬁt+X]’{t):Bj,t_1(1+zt_1)+n Tj, + Z WiNS +wi ) ) RYKS,
sefc,x} sefc,x} je{H,F}
(C.2)

where Chh is region j’s household private consumption, C}g , is government consumption,

N].S’t and K;’t are the household’s labor supply and capital stock specific to region i €

{H, F} and sector s € {c, x}. Wﬁ , and Rff are the corresponding wage level and return on
capital. T;; is regional lump-sum taxes. X]?)t and X]’ft are, respectively, investment flows
into the consumption-sector and investment-sector capital stocks. The utility for regional
government consumption Cﬁt is simply given as I'(-), and is immaterial to the household’s
optimization problem as the household does not decide on it.

The region-j household’s total labor supply, N; ;, is given as a CES aggregate of sectoral

labor supplies:

N

], (C.3)

77
t = N]C,t +Nx n
Here, 71 is the elasticity of substitution between labor supply in the consumption-
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goods sector N]-C,t and that in the investment-goods sector N]?ft. p € [0,1] specifies the
degree to which labor is mobile across the consumption-goods and investment-goods sec-
tors. If y = 0, labor supply is fully mobile across sectors, and is perfectly immobile if

p=12

C.1.1 Trade across Regions

Home consumption Cp ; has three components: Home expenditures of Home-produced
consumption goods Cg ., Home expenditures of Foreign-produced consumption goods
Cfl’t, and government consumption in the Home region, Clg_l’t. This similarly holds for
Foreign consumption Cr;. Cp; is a CES aggregator of Home household consumption

Cﬁ”t and Cl‘g_}’t, and the same is true for Cr; of C?}; and Clg:,t:

3
§Lemn T gteg [T
Cr=|(1-wc):Cfy © +awcCy, * , (C.4)
E-1 1 -1 5571
1 ~hh~g T8 |7
Cri= l(l —wd)ECH T 4wl CE, ) (C.5)

where £ is the elasticity of substitution of goods within the same region.
Cﬁ]ft itself is a CES aggregation of Cg’t and Cﬁyt, and similarly for Foreign household

consumption C?ht:

CHt_[( ) Chit (XEF)VCIZtV”]V_, (C.6)
S [ s Al [ 7

where )(EH € (0,1) is the degree of home bias in consumption goods in the Home region,
and )(C’F is the corresponding parameter in the Foreign region. We further define )(ff =
1- E{H and )( =1- )(IC;F. v is the elasticity of substitution among goods produced

in different regions (i.e. in the case of the H household, Cg’t and Cg’t). Importantly,

$Note that if 4 =0, Nj, = =N/, +N},.
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we denote C]l: ; as the flow of consumption goods produced in region i and consumed in
region j, with corresponding price level p]CtZ Then, aggregate consumption C; is the sum

of Home (Cp ;) and Foreign (Cg ;) consumption goods:

Ci=Chi+Cry (C.8)
with C" = CI, + Cp!, (C.9)
and Cf =C§,+C¢,, (C.10)

where C? is aggregate government consumption and C/" is aggregate household (private)
consumption.

In the steady state, consumption is defined by these first-order conditions:

i\~
i i) it hh o\ .
Ci,= X]”[K] Ci'{ Vi€ (H,F}je(H,F), (C.11)
- 1
1-v
with P/, = XYV Ve H F), (C.12)
| ie{H,F}
- 1
and Pf = wHPIEI,tllfV + wFPf,tllv] - (C.13)

where cht is the region-j price index for consumption goods (i.e., Consumer Price Index),
and Pf is the union-wide price index for consumption goods.
Finally, we assume the Law of One Price, or that prices of varieties of consumption

goods produced in the same region are the same:

JH _ poH
I (C.14)

Py =P (C.15)

I also assume that the Home household chooses the level of investment goods. Home

investment Xy ; has three components: Home expenditures of investment goods in the
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consumption-goods sector Xj, ,, Home expenditures of investment goods in the investment-
goods sector X7; ;»and Home government investment Xlg_l .» which have steady-state shares

@S, @}, and w§ of Xy ; respectively (such that w$ + w¥ + wf = 1):

<=

X = [(@9)7 (X5, + (@) (X5)T + ()7 (X5) 5| Vje(H,F) (C.16)

In turn, X, , is a CES aggregate of Home-produced (X} H, t) and Foreign-produced ( IC_IFt)

investment goods, and similarly with Xp; , from Xﬁ't and XPi,t (and analogously for in-

vestment in the Foreign region). In general:

=
L ysiy 2=l .
X5=| ) G T | Vselex), je(H,F) (C.17)
ie{H,F}
where )(;-C’i is the share of investment goods expended by region j that are produced in

region 1.

In the steady state, investment is defined by these first-order conditions:

Py
i il it . .

X5 :Xfl[ﬁ X: Vsel{cx}, ie{H,F}, je{H,F) (C.18)

1

1-v
=| Y KB YielHE) (C.19)

ie{H,F}
1

and P = [wHPthl_V + wFPIf{tl_v]l’” (C.20)

where P]xt is the region-j price index for investment goods, and P} is the union-wide price
index for investment goods.

Finally, by the Law of One Price, prices of varieties of investment goods produced in
the same region have the same price level:

P = PY Vie{H,F}, j,j € {H,F) (C.21)
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C.2 Firms
C.2.1 Intermediate Goods Firms

Each intermediate consumption-goods firm I € [0,1] of region H uses sector-C capi-
tal stock Kﬁt(l) and labor demand N]-C’t(l) to produce three types of consumption goods:
Home-produced goods to be consumed at Home Cﬁ}t, those to be consumed at Foreign

Cgt, and at Home by the government Cfl’t:

1-a

CH () +CHL(D) + CF (1) = (K§y, )™ (KE0) (N, () (C.22)

where a is the capital share of income and a, is the degree of productivity of K}g ;- This

analogously holds for Foreign consumption goods:

1-a

CE, () +Ch () +CE (1) = (KE,) (KE, ()" (NE,(D) (C.23)

As for intermediate investment-goods firms / of region j, they simply produce invest-

ment goods for the consumption goods sector X]C .» the investment goods sector X]x ., and

government investment X}g ;-

Xy (D) + X5, () + XE (1) = (K )% Ky (DO NE (D), (C.24)

X5 (1) + XE (1) + Xg’t(l) = (Klg;’t)“gK%"t(l)“Nﬁ't(l)l‘“. (C.25)

Under monopolistic competition, sector-s nominal marginal costs M C; , can be im-

plicitly expressed as such:

ks \% s \1-a
(R (w
MCS, = Lt Lt (C.26)
7t (Kg )Oég

o l-«a
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with real wages and returns on capital as follows:

st,t MC]S-,t € et N\ inrS

B =y (L= a)(KG )T (K )HNG )™, (C.27)
It it

R;?f MC5, | N

P?, - P, a(Kj,t) g(Kj‘g,t)a (st,t) “. (C.28)
jr i

For each firm [ in region j and sector s, sectoral reset prices 13]-5 , for intermediate goods

firms that can adjust their prices under Calvo pricing are determined as follows:

B = (1-B0)Y (BO)E(IMCS,, + P}, ) (C.29)

Jt+T Jot+T

gk

I
o

T

where 6, € (0,1) is the sectoral Calvo pricing parameter.

C.2.2 Final Goods Firm

There is one final goods firm in each region, which aggregates the output of all inter-
mediate goods firms of the same region. For S € {C, X}, and region i € {H, F}, regional

production of the final good S; ; is defined as:

1 e ET

with associated region-j price index of sector-s good as:

1
1 1-&
Ps, = UO p]{t(z)l“fdll . (C.31)

C.2.3 Sectoral Capital

Capital K is specific to each region-sector combination, and depreciates at a rate of 0 €
(0,1). In addition to sectors c and x, there is also productive government or public capital,

denoted as K;.g’t, which depreciates at a rate of 6g €(0,1). Given s € {c, x, g}, sector-s capital
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is adjusted by sector-s investment X;f ., with an adjustment cost function of 6(X/K). As is
standard in the literature (Christiano et al., 2005), we assume that:

o)) ()

Then, capital accumulation in each sector s € {c, x, g} is as follows:

X

,t

Ks = (1 —6)K;,t+9[K%)K;’t. (C.33)
75t

C.3 Market Clearing and Price Indices

The market-clearing conditions for each region j are as follows:

Y;,=PCj;+P*X,, (C.34)

where C;; is regional consumption, X;; is regional investment, and Y;; is regional real
GDP, where P¢ and P* are steady state values of P].Ct and ijt'

Given the regional price index for consumer goods cht and investment goods ijt, the

regional GDP deflator P;; is defined as such:
P — PrCje+ PR Xy

rt -
] Yj,t

(C.35)

The aggregate price index for investment goods P and the aggregate GDP deflator P,

are defined in terms of their relevant Home and Foreign price indices:

Ptx = a)HPIJ—;,t'FwFPIf{t' (C36)

Pt = C‘)HPH,t + wFPF,t' (C37)

Naturally, inflation rates are defined as the growth rate in the price indices. For exam-
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ple, the region-j GDP deflator inflation 7; ; and aggregate GDP deflator inflation 7; are

defined as follows:

P
m =1, nt:P—t—l. (C.38)

C.4 Factor Incomes

We then define regional and aggregate factor incomes. Regional labor income Y]-Lt is
earned locally, while regional capital income Y]Kt is simply region j’s share of aggregate

capital income:

Pj,thﬁ =W/ N + WiN/, (C.39)
X _ K, K,
P YK = w, Z (Rj’ijC’thRj’th]?ft), (C.40)
jelHF)

where wy is the Home share of aggregate GDP, and wr = 1 — wy is the Foreign share of

aggregate GDP.

C.5 Aggregate Fiscal Policy

We assume lump-sum taxation across both regions, and a fiscal union in which the fiscal
union’s (nominal) government purchases G; are paid with (nominal) aggregate lump sum

taxes T; via a balanced budget T; = G;:

Ty =Ty + Trp (C.41)

G, = (P;Ltcfl,t + Pﬁ,’tXth) + (p;}tcl%yt + D tXI%,t). (C.42)

Finally, we assume the AR(1) process for government spending shocks. 5}?’ , and ,z}?' , are
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the log (percentage) deviations of Ci , and X]g’ , from their steady-state values.
Ciy=(1-pd)CF +peClyy +05y (C.43)
X5, = (1= p9)XF +pxXF, +v7, (C.44)

where pf € [0,1) and pf € [0,1) are the persistence parameters of regional government

consumption and government investment respectively, and C}g and X}g are steady-state

& and v&*

i ;¢ are mean-zero government consumption shocks and

values of C;.gt and X]gt. v

government investment shocks, respectively.

C.6 Monetary Policy

The central bank sets the nominal interest rate i; via a Taylor rule given the aggregate

inflation rate 7t;, as such:

i = (B = 1)+ Pty + Py, (C.45)

where ¢ > 1, based on the Taylor principle, and ¢, > 0.

C.7 Calibration

We mostly adopt the calibration from the baseline 2-region model in Table 5, with a few
additional parameters from Koh (2025). Table C.1 lists the full set of parameters. In
addition, we calibrate the share of the Home region, wy, and the degree of home bias,
)(%H. We set the size of the Home region to wy = 0.02. For home bias of consumption
goods and investment goods respectively, we calibrate )(;’[H = 0.8 and )(gH = 0.25. They

further imply a value for the foreign region’s home bias given by )(IC;’F = (a)H/(l—a)H)))(f{IH.9

9We assume that government consumption and investment are entirely produced and consumed within
the region.
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Table C.1: List of calibrated parameters for the 2-sector model.

Parameter Value Definition

o 1 Intertemporal elasticity of substitution

n 1 Frisch elasticity of labor supply

B 0.995 Discount factor

v 2 Elasticity of substitution of goods across different regions
% 1 Degree of labor mobility

a 1/3 Capital share

0 0.025 Depreciation Rate

C 2 Adjustment cost parameter

pf 0.933 Persistence of government consumption shock

03 0.933 Persistence of government investment shock

wy 0.8 Consumption share of output

wy 0.2 Investment share of output

w? 0.2 Government share of consumption

ws 0.2 Government share of investment

aq 0.05  Elasticity of output with respect to public capital

0. 0.75  Calvo parameter for consumption goods

0, 0.75  Calvo parameter for investment goods

P 1.5 Taylor rule coefficient for inflation

by 0.125 Taylor rule coefficient for output

wpy 0.02  Size of Home region

)(%H 0.8 Home bias for consumption goods of Home region (Koh, 2025)
)(I’E}H 0.25  Home bias for investment goods of Home region (Koh, 2025)

Note: This table describes the calibration of parameters for the two-region two-sector monetary union
model with government spending. Parameters are quarterly.
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C.8 Appendix: First Order Conditions

From the household’s problem, we have the following first-order conditions:

(Ch)™@ = A;,Pf,, (C.46)
1-p
ON; T Nc =AW, (C.47)
1-p
¢N ! Nx ’ = /\ W]xt, (C.48)
Aj =B +i)Ei[Arq], (C.49)
X¢
, Jt
PS, = 75,0 [K+) (C.50)
ot
X7,
P¥, =¥ 9’[ L ) (C.51)
t 7t K]J'ft
— Xct 1 t+1 t+1
k, + + +
/\j,tyjc,t = ﬁ]Et /\jzt+1Rj,tC+1 + /\j,t+1yjc,t+l {(1 — 6) +6 K]C 9( j» [ J, )} )
| jt+1 ] t+1 ] t+1
(C.52)
F Xz 1 t 1 t+1
k, t+ + +
/\j’t’)/]?ft :/ﬂEt /\]';H'le,;;l +/\]';f+17/]?ft+l{(1 —5)+9[K]X ) Q( I ] )} )
L Jot+1 ] t+1 ] t+1
C.53)

where A; ; is the Lagrangian multiplier for the household’s budget constraint, and /\j,ﬂ/;, ;
is the Lagrangian multiplier for the sector-s capital accumulation process for s € {c, x}.
Combining the households’ first-order conditions, we get the following:

Euler equation for consumption:

1

hhy—L .
(C]',t) o = B(1 +1i;) E; G

hh \-1
" (C] 1) ] (C.54)
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Investment choice:

1=l | |, (C.55)
P (K,

1="2lor| L. (C.56)
P Ky

Euler equations for capital:

] ke )
Vjc,t _E [1 T n;‘c,tﬂ ] Riii . Vjc,t+1 «J1-6)+ Q(X;’t“ ] 0 X;,t+1 ][X]?,Hl
_—= ¢ - - - 4
Pjy,ct L+ Pj),ct+1 Pj),ct+1 ch,t+1 ch,t+l ch,t+1

(

X X
Vit ( L+, ]

k,x
AT Vo X¥
7,t+1 n 7t+1 % {(1 _ 5) " 9( 7,t+1

B 9,(ij,t+1 ][X]}'ftﬂ ]
K]?ft+1 K])'it+1

Pj),ct 1+i; P]?,Ct+1 ij,ct+1 K]?ft+1
(C.58)
Labor supply:
=k £ P W
PN T (N1 = (CJI)T7 5 5 (C.59)
5t Tt
1-p 1 1 W]ft
P(Nj) T (Nf)T = (CJY) 7 o (C.60)
jt

C.9 Log-linearized Model

All log deviations of variables are in lower-case, tilde variables. Unless region subscripts

are specified, all log-linearized equations hold for both regions j € {H, F}.
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Labor supply:

X X
L—p_ 3 Lo | P Wit
Tl]t-f- Tl]-’t:——C]t-i— — + vl b

n n o Pt Pj
1-p 2 1 we,
K ~c hh jot
Mjp+ =My =——Ciy+| ——
1 n o Pj:

Home Euler equation for consumption:

Lo . c |
_ECH,t = (it — Eity 1) — EIEtCH,Hl'

Inter-regional risk sharing:

L own i L own
——(Cp;—¢ (CH,t —CH 1) = Mg, — Ty 4

Tradable consumption goods:
] - ~hh .
(c;.’t - c;’t_l) = (Cj,t - Cj,t—l) - V(TC]-'t - ch’t), i€{H,F}
Tradable investment goods:

()Zs,i _ fs,i _
7.t j it 7t

Law of One Price:

n;;,t = T(;jt' i€ {H;F}, S {C,x}

Labor aggregator:

Al6

]’t_l) = (f;t —f;’t_l) —v(r! —7Y,), i € {H,F}, s € {c,x}.

(C.61)

(C.62)

(C.63)

(C.64)

(C.65)

(C.66)

(C.67)

(C.68)



Inflation aggregation by sector:

c¢,F

H H
¢ ¢ +X n]t,

x _ xH_xH x,F__xF
Te =X T T X Tp -

Production functions:
(ocglz +akHt+(1 a)nH't

w (chkjg't+akfp't+(l—a)ﬁ%’t):a)ps‘cgﬁ?t+wp(l s5)

7.8 =X 8 =8
a)( kHt+akHt+(1 a)nH’t) a)stth+a)H(

c ~C,H
S th+S th

~H

~ 88
¢ ):a)HsccH’t—i-wH(l sc))(H Crp ¢+ WF

¢,F ~F

WF (aglzf L+ aky +(1 )ity t) a)psﬁxf: + oy (scx;Ft + sxx;_fl;
Regional consumption:
5 _ 8\ #hh 88
Cip = (1 —sc)c].'t +5:C; 4
~hh _ ¢H e ¢ F F
Gt =X Gt X
Regional investment:
8 g
Xy =Sy x]t+s x]t+sx i
~c _ xH~cH ~c,H
Xjp =X Xt +X Xt
xH -x,H xF cx,H

=X __ »
=X Xjp T X

Al7

x]"t .

x ~x,H

(1-

)+Q)F

o

(C.69)

(C.70)

Sc)XF C?t’

(C.71)
sc))(;ffﬂ t
(C.72)
(scx;It{+s JZ;I:),
(C.73)
sCxEIFpLs X‘I’fli)

(C.74)

(C.75)

(C.76)

(C.77)
(C.78)

(C.79)



Investment choice:

IR
L =co(x, k), sefoxl. (C.80)
P ' '
(C.81)
Euler equation for capital:
Vi ' e Vi L
Lx + (IEtr])'le —ri) =B [ (1-B(1-9)) ]T +p(1-9) Lx T ﬁcéz(x}c,tﬂ _k;c,t+1) ’
pj,t ] pj,t p]‘,t ]
(C.82)
[+ + (lEtr]’-le - =E | (1-p(1 _5))[]7 +p(1-9) % +ﬁC52(C]C‘,t+1 _k;,t+l) '
P _ Pt Pj.t ]
(C.83)
Sectoral capital accumulation:
K o1 = (1= 0)k, + 0%, s € (c,x), (C.84)
k1o = (1=0)k}, +ox3 . (C.85)
Factor demands:
= agkit+ak]5~’t—aﬁ;'t+ — 22|, selc,x), je{H, F}, (C.86)
pj,t pj,t
FT]?: . . mc;ft
pT' = agk;‘f{t —(1-a)k}, +(1-a)i, + ,T ,se{c,x), j€{H,F). (C.87)
j’t j:t

Sectoral Phillips curves (n’i?:;’t is the percentage deviation from the steady state value
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of MC]?’t, after a linear approximati

on):

—S
(1-0,)(1—-6,p) ™€yt
e, = : 5 =+ PEr ] s € e x)
s Pj:
Fisher equations:
. ks s
1 = T']-’t +IEtT[]',t+1’ S € {C,X}-

Aggregation conditions:

(s

+s§s;‘)g~jyt = 5355 %S, + 5255 ¢

§t = C‘)HgH,t + a)pgp’t, S € {C,X},

8 .x8 g8.c&

vt oy

8t = wH&H,t + Wr&F b

~ _ X C ~
yj,t = Syxj,t +S Citr

Price indices:

ch,t =S

v

Vit = wyYH,t + WFYF ¢

XX c,..c
ynj,t + Synj,t'

T} = WYy, + WETE ,, S € {C, X,

T = (UHT(H’t + (UFT(F’t.

Aggregate monetary policy:

It = QrT + Py

Al19

(C.88)

(C.89)

(C.90)
(C.91)
(C.92)
(C.93)

(C.94)

(C.95)
(C.96)

(C.97)

(C.98)



Aggregate fiscal policy:

t = wytp + wptEy,

. g 8 8
(52 + 553 (Frt = Frre-1) = 8¢ (Mg + €y ¢ = g eg) + Sy (Mg + By = Xy 0y )

(gc c

_ g g g g & 8
Sesy+ Sﬁs;‘)(gF,t —8pi-1) = ScSy(Tp 4 +Cp = Cpyq) y )

X

AR(1) government spending shock processes:

8 _ 8.8 g
Xit = PxXjp 1 T & ip

£ _ 88 g
Cit = PcCjr1TE i
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(C.99)
(C.100)

(C.101)

(C.102)

(C.103)
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