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Abstract

This paper examines the cross-border effects of domestic fiscal shocks on foreign economic
activities by constructing a two-country general equilibrium model. The model yields two main
results by comparing four alternative fiscal shocks: government spending, the capital income
tax rate, the labor income tax rate, and the consumption tax rate. First, domestic fiscal shocks
can generate sizable spillovers abroad. Second, once the size of each fiscal shock is normalized
to achieve an equal change in government revenue, the spillover effects of different fiscal shocks
on the foreign economic variables are qualitatively similar.
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1 Introduction

This paper reconsiders the cross-border effects of fiscal policy. While the existing research focuses on
the spillover effects of government spending, this paper compares the varying impacts of different
instruments including government spending, the capital income tax rate, the labor income tax
rate, and the consumption tax rate. The paper builds a two-country dynamic stochastic general
equilibrium model based on Backus et al. (1994) (hereafter BKK).

Empirical studies find significant output spillovers from fiscal stimulus. For example, Beetsma
et al. (2006) show that fiscal stimuli in Germany and France have non-negligible and positive output
spillovers in all of the other 13 European countries in their sample. Auerbach and Gorodnichenko
(2013) estimate cross-border output spillovers from government spending for a panel of OECD
countries and find significant spillover effects of government spending on foreign output. The
authors also find that the spillovers are stronger when the affected country is in a recession.! More
recently, Dupor and McCrory (2018) find evidence of spillovers from fiscal policy between subregions
of local labor markets.

Theoretical papers have also assessed the impact of fiscal spillovers. In Corsetti et al. (2010) and
Corsetti and Miiller (2013), the authors allow government spending to consolidate public debt and
thus the government spending process displays a reversal feature, i.e., the current spending increase
is accompanied by future cuts in spending. The foreign real long-term interest rate decreases in
response to a domestic spending increase in their models, boosting foreign output. Devereux and
Yu (2019) show that spillovers are affected by country size, openness, and the stance of monetary
policy.

While Corsetti et al. (2010), Corsetti and Miiller (2013), and Devereux and Yu (2019) study the
cross-border spillovers of government spending shocks, this paper compares the different spillovers
of government spending shocks and tax rate shocks. The paper is also related to Forni et al.
(2009), Leeper, Plante, and Traum (2010), and Leeper, Walker, and Yang (2010). The authors also
compare the varying impacts of different fiscal instruments, but their analysis is carried out within
a closed economy environment and thus does not involve cross-border spillovers from fiscal policy.

The rest of the paper is organized as follows. Section 2 describes the model. Section 3 presents
analytic results. Section 4 runs simulation and discusses in detail the spillovers of domestic fiscal

shocks. Section 5 concludes.

2 Model structure

In order to analyze the spillover effects of fiscal shocks, the paper adds a fully-specified government

sector in each country based on the BKK model. The model economy consists of two countries,

!This paper abstracts from state dependence. As summarized in Ramey (2019), whether the fiscal multiplier is
state-dependent is still a disputed issue.



country 1 and country 2. Country 1 specializes in the production of good X and country 2 in the
production of good Z. Labor and capital are internationally immobile. Consumption, investment,
and government spending have both domestic and foreign content and use the same proportions of

the two goods. They are composites of domestic and foreign goods as follows:
Cit + It + G = Q(Xat, Z1r) (1)

Caot + Int + Gor = Q(Zat, Xot) (2)

where Q(X, Z) = [w%Xn%ll +(1- w)%ZnT_l] wT is a CES aggregator. 1 measures the elasticity of
substitution between domestic and foreign goods. The weight w in () determines the domestic and
foreign content of domestic spending.

This is a model without money; all variables are real. Let qi)t( and int denote the prices of good
X and good Z, respectively, in period ¢ in terms of the composite good in country i. Xy and Zy;

are chosen to maximize
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Thus the aggregate demand for the two goods is given by

Xyt =w (qﬁ)_n Q(Xlta th) (3)
Zy=(1-w)(¢f) " Q(X1t, Z1t) (4)
Zor = w (q5,) " Q(Zat, Xot) (5)
Xot = (1 -w) (qéi)_" Q(Zat, Xat) (6)

where Xo; represents exports from country 1 to country 2, and Z1; denotes imports into country 1.

2.1 Households

The representative household in each country ¢ maximizes intertemporal utility characterized by
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where Cj;; and L;; are consumption and hours worked, respectively, in country ¢. The household’s

budget constraint in country i is
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where A is X for country 1 and Z for country 2. © € {0,1} is an indicator function. In the
analytical results section, © is set to equal 0 so that the model has minimum departure from
the BKK model. Under this scenario, the household receives lump-sum transfers, T;;, from the
government. In the simulation results section, @ is equal to 1 and this corresponds to a real world
with zero lump sum taxation. Under this scenario, the household purchases government bonds,
D¢, and receives interest payments. We examine the dynamics of government debt and taxation
when different fiscal shocks hit the economy.

Heathcote and Perri (2002) compares international business cycle models in which (1) markets
are complete, (2) a single non-contingent bond is traded, and (3) there do not exist any markets for
international trade in financial assets. The authors present the strength and shortcoming of using
a financial autarky model compared to the other two models.? They also show that the equilibrium
allocations in the bond model generally closely approximate those in the complete markets model.

The budget constraint in our baseline model assumes financial autarky. This assumption is
maintained for analytic tractability. In Appendix D, we discuss a bond economy with trade in
non-contingent bonds.

The household invests in physical capital. th is the capital rental rate. Consumption, labor
income, and capital income are subject to taxation. 77, Tilt, and 7'i”ff are tax rates on consumption,
labor income, and capital income, respectively.?

The law of motion for capital is given by

¢ (I 2
Ki=1-0)Kjt—1+ Lt — = < s — 5) Ki; 1 (8)
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where § is the depreciation rate. The last item captures the capital adjustment cost.* The household

maximizes utility subject to its budget constraint and the law of motion for capital.

2They show that the financial autarky model reproduces many aspects of the data better than the other two
models. However, it generates a linear relationship between the real exchange rate and the terms of trade, which is
not in line with the data.

3Note that labor income and capital income are in units of the domestically produced good. Thus they are
multiplied by the price of the domestic good. Consumption, investment, bond holdings, and transfers are expressed
in terms of the composite good.

“International business cycle models use capital adjustment costs to reduce the volatility of investment in response
to productivity shocks. BKK uses a time-to-build structure for capital formation as in Kydland and Prescott (1982).
But convex capital adjustment costs have become more common since the publication of Baxter and Crucini (1995).



2.2 Firms

The representative firm in country 1 specializes in producing good X and the representative firm
in country 2 specializes in producing good Z. They rent capital and labor from the households.
Production functions in the two countries take the same form: F(K, L) = K“L'~® where a € [0, 1].

The resource constraints in the two countries are
Xt + Xop =Yy = A F (K1, L1g) 9)

Zv+ Zoy = Yoy = Aoy F (Ko 41, Loy) (10)

where Yj; represents production in country ¢ in units of the domestically produced good, and X,
and Z;; are uses of the two goods in country i. Therefore, X;; and Z;; are intermediate goods and
the composite goods are final goods.

The productivity shocks are assumed to follow the processes
log(A11) = palog(Art—1) +vlog(Azs—1) +ef; (11)

log(AQt) = I/log(Al’tfl) + Pa log(AQ’tfl) + €gt (12)

where €% ~ N(0,02) and the contemporaneous correlation of the productivity shocks is A € (0, 1).
The parameter v measures technology spillovers.
The representative firm in each country ¢ maximizes its profit Y — wi L — RﬁKi,t_l. Thus,

. 1-a)Y; . .
wages and capital rental rates are w; = (LO‘% and th = KO‘_)Z”I, respectively.
i i,t—

2.3 Fiscal policy

The government’s period budget constraint in each country i is
Git + OR;y-1Diy—1+ (1 — ) Tjy = ODy + Thgi REK; 11 + ThaijwiLis + 75C  (13)

where A and © are the same as described in Section 2.1.
Let variables without a subscript ¢ denote steady state values. Government spending, tax rates

on capital income, labor income, and consumption evolve according to the following processes:

log(Git) = (1 — py) log(Gi) + pc log(Giy—1) + 0ge (14)
log(78) = (1 = ppa) log(]) + pyx log(7F, 1) + opnely (15)
log(r}) = (1 — pyu)log(r!) + prlog(tl, 1) + o el) (16)
log(75;) = (1 = pre) log(75) + pre log(75,_1) + oreey; (17)



where each ¢;; is an i.i.d. innovation with mean zero and standard deviation one.

Capital tax revenues, labor tax revenues, and consumption tax revenues are

k_ _k Apk I _ 1A _
T = 1@ R Kig—1, Ty = 1qwin Ly, and - T = 7;,Cy, (18)
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where A is X for country 1 and Z for country 2. Let REV;; denote total government revenue.
REVy =Ty + Ty + T (19)

Let “hat” variables denote log deviations from steady state. In a symmetric steady state, let
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Lemma 1. When © = 0, the relation between transfers and total government revenue is given by

Sq A ™o + 711 — &) + %5,

T ST

REV (20)

When © = 1, the relations among debt, the real interest rate, and total government revenue are

given by
. Sy ~ 1 /- A ha + 741 — a) + 7050 ———
Dit = lGlt + = (Ri7t_1 + .Di,t_l) - ( ) CREV“ (21)
Sd I3 Sd
k ! c
R . s R A a4+ 171 —a) + 78 ——=
Rit = —Dy — ﬂsgdngit + BE; |:Di,t+1 + ( 5 ) “REV 41 (22)
Proof. In Appendix A. ]

According to Lemma 1, if the three tax rate shocks are normalized so that each shock leads to
an equal change in total government revenue, for example, ﬁE\Vit = {2, then each shock will have
the same effect on transfers when © = 0, or on debt and the real interest rate when © = 1.

Next, impact fiscal multipliers for output in period t, GDP;; = q{%Yit, are defined as

AGDP;
domestic multiplier = CA;Fnt (23)
AGDP;
spillover multiplier = ——I* (24)
AFy

where j # i and Fy; € {Git7 Tﬁ? Tilt: Tﬁt}

2.4 National accounts

Recall that the optimal aggregate demand for the two goods in country 1 is given by X;; =
w (qu)an(Xlt,th) and Z1; = (1 — w) (qlzt) 7”Q(X1t,Z1t). The aggregate demand for the two
goods in country 2 is given by Zo; = w (qQZt) “"Q(Zat, Xot) and Xop = (1 — w) (qgg)_77 Q(Zat, Xot).



Using Cy + Iz + Gt = Qi and the resource constraints in the two countries, output can be

decomposed as

GDPy = ¢y Y1 = C1y + Ty + Guy + 1y Xot — a2 21 (25)
N—— —— N =
output absorption exports imports

GDPsy = ¢4 Yor = Cot + Iny + Gor + ¢% Z1s — gos X (26)
2t = Qo Y2t 2t 2t 2t T qor 41t — Qo A2t
—— N———— S N——
output absorption exports  imports

The trade balance is defined as the ratio of net exports to output:

qZ
TBuz<X%—q§aO/nt
1t

X

T By = (Zu - q2ZtX2t) /Yo
43

Consistent with Heathcote and Perri (2002), in a model economy without internationally mobile

financial assets, trade balance is equal to zero.

Lemma 2. Trade is balanced in each country. That is,
TB;; =0 (27)

Proof. In Appendix A. O

Suppose the law of one price holds. Real exchange rate is

@y b
RER, = - = =L (28)
42t 92t

The following lemma describes the relations among real prices in the model economy.

1 n—1
Lemma 3. Let s,, = )}% = % and ¢ = wn (sxz)IT The relationship between cjfg and the other

three real prices, (jlzt, (jgg , and (jQZt, are given by

. o,
= _Hqﬁ (29)
. (R
%zl_wﬁ (30)
G5 = —ai (31)
Proof. In Appendix A. O

The prices of a particular good are positively correlated across countries. Either within a

country or across borders, the prices of good X and good Z are negatively correlated. Next, we



look at the relationship between prices and production.

Lemma 4. Let ( = swzn_((12i21:)l()1(i:p;b+”w). The relationship between qu . Yii, and Yoy is given by

—(q7y = Yie — Yar (32)
Proof. In Appendix A. O

For a wide range of reasonable parameter combinations, { will be positive. An increase in the
production level in a country will drive down the real price of the domestically produced good in
the domestic country. The domestically produced good in the foreign country is also cheaper. Note
that if the drop of price in the foreign country is larger than that in the domestic country, then

there will be an appreciation of the real exchange rate.

3 Analytic results

In this section, © is set to equal zero. In each country, the representative household receives

lump-sum transfers from the government and its budget constraint is
(1+74)Cit + Lip = (1 = i) gjywie Lie + (1 — 7)aft Ry Kio—1 + T (33)

where A is X for country 1 and Z for country 2. For the governmnet in each country, spending and

lump-sum transfers are financed through distortionary taxes. The government budget constraint is
Git +Tit = Tzliqi/%RﬁKi,t—l + Thagwi L + 75Cx (34)

Equilibrium equations, steady state, and the log-linearized system are given in Appendix B.
In order to obtain closed-form solutions, suppose capital is fixed at the initial value, does not
depreciate, and investment is zero. For the sake of simplicity, also assume that productivity stays

at the same level.

Proposition 1. For j # i, output in country i is given by

— 1 A 1 1 1
GDPy = (1 - C> ApGit — (1 - C> Byify — <1 - C) Cpthy — (1 - C> Dy

1, ., 1. . 1., 1_ .
+zApGjt - zBijt - ZCijt - ZDijt (35)
_ (-ws (y=sc)pgk _ (1—a)T* (y=sc)p k&  (1—a)r!
where Ay = =T [1+ (1*P9)7+;9556]’ By = (k+1)(1=7F)[(1=p k )y +p k€se)” P (st1)(1—7)’ and
D — (l—a)Tc(l—p.,.c-f—p.rcf)sc
P (k) (1479)[(1—pre)y+prese]
Proof. In Appendix A. O



Proposition 1 shows that output in each country is affected by both domestic fiscal shocks
and foreign fiscal shocks. The coefficients %Ap, —%Bp, —%Cp, and —%Dp in equation (35) reflect
international effects of domestic policy. In line with the literature on cross-border effects of fiscal

policy, these effects are called fiscal spillovers.®

Table 1: Domestic and spillover fiscal multipliers

Spending  Capital tax Labor tax Consumption tax
1-1)B 1-i)c 1-1)p
Domestic multiplier (1—%) A, — ( <2 ? - ( 42 ? — TC< C) p(Hl)Dp
1-(1-4)8, 1=(1-¢)c 1- [ ~ Gz |
. . iB 1o 1p
Spillover multiplier %Ap - $ f - - f - g — -t DDy
1-(1-¢) 8 1-(1-¢)G 1| e ~ s
L Saan—(2spa—1)(1—wny) - Xy _ Zy g o a=1 _ (1-a)s, (v=sc)pgé _
Notes: ¢ = fostsfiimssiosend) o = 0 — &2y = wh (57, 4y = S5 |14 5pme | 5, —
(l—a)Tk('y—sc)ka£ _ (1—a)r! _ (1—a)t°(I—prct+prcf)sec
D (—ro trrn] P = Gy 29 Dr = Gan e —pron e gsdd”

Table 1 summarizes the various multipliers calculated from the model economy. Details of the
calculation appear in Appendix B. Now specific parameters are plugged into the model in order
for us to examine the fiscal multipliers.

The discount factor, 3, is set to equal 0.99. The risk aversion parameter, =y, takes a standard
value of 2. The labor supply power, x, is set to equal 0. The utility weight of work parameter,
0, is set to 1.94 so that hours worked in steady state is 0.33. The home bias parameter, w, and
the steady state share of domestically produced intermediate goods in final goods production, s,
are both set to equal 0.8. The capital share in production, «, is set equal to 0.3. The parameters
related to technology are taken from BKK: p, = 0.906, o, = 0.00852, v = 0.088, and A = 0.258.

Since all the data series involved in the feedback rules are available, including real government
spending and tax rates on capital income, labor income, and consumption, the fiscal rules are
estimated outside the model: p, = 0.9717, p.x = 0.9598, p. = 0.9771, prc = 0.9827, 0, = 0.0141,
o = 0.0229, 01 = 0.0244, and o,c = 0.0211. The steady state spending to output ratio and tax
rates are set to equal their sample means: s, = 0.1754, 8 =0.3762, 7' = 0.2175, and 7¢ = 0.0929.
Appendix E describes the data sources and construction.

Suppose the home bias parameter, w, and the share of locally produced intermediate goods

1 1
in composite goods production, s,,, are equal (w = $;,). Then ¢ = wn (sm)lfﬁ =w and ¢ =
1-2w(1—n)
1—w

. If n > 0.5, then ¢ > 1. Given the values of the other parameters (either standard or
estimated from data), we have that A,, By, Cp, and D, are all less than one. Therefore, if w = s,

and 1 > 0.5, then spending multipliers (both domestic and spillover) are positive; tax multipliers

®See, for example, Corsetti et al. (2010), Auerbach and Gorodnichenko (2013), and Devereux and Yu (2019).



(both domestic and spillover) are negative.

Figure 1 plots domestic and spillover fiscal multipliers as we vary 7, the elasticity of substitution
between domestic and foreign goods. Panels (a) through (d) plot domestic multipliers. Panels
(e) through (h) plot spillover multipliers. Recall from Lemma 4 that —chfg = Y1 — Yo where
Y= W (sw)nT_1 and ¢ = S”n_((fiﬁsj;)l()fiz)ﬂnw- Given our parameter choices, w = 0.8, s,, = 0.8,
and n € [0.5,1.5], ¢ ranges from 1 to 9. Due to home bias, an expansionary domestic shock drives

up domestic production to a larger extent, compared with foreign production. According to the
result in Lemma 4, this makes domestically produced goods relatively cheaper and foreign goods
more expensive. As the elasticity of substitution between domestic and foreign goods increase, it
is more tempting for domestic agents to lean towards cheaper domestic goods. Correspondingly,
domestic multipliers are higher and spillover multipliers are lower (in terms of absolute value).

As emphasized in Ramey (2019), the size of fiscal multipliers will depend on features that
characterize the model economy, including exchange rate regime and openness. For instance, Ilzetzki
et al. (2013) estimate government spending multipliers to vary from 0.15 on impact to 1.4 in the long
run for fixed exchange rate regimes and between 0.14 to -0.69 for flexible exchange rate regimes.
In open economies, some of the expansionary effect of fiscal stimulus falls on foreign goods, so
multipliers are smaller compared to closed economies. The impact government spending multiplier
estimated in Ilzetzki et al. (2013) is 0.61 for closed economies and -0.077 for open economies.
The size of multipliers in this paper is consistent with exiting literature on open economy fiscal
multipliers.

The main takeaway from Table 1 and Figure 1 is that while open economy multipliers are small,
the model is able to generate sizeable spillovers, consistent with empirical findings in Auerbach and
Gorodnichenko (2013).

Next, the size of each shock is normalized so that each shock leads to the same percentage

change in domestic total government revenue.

Proposition 2. Suppose that following a domestic fiscal shock, domestic total government revenue

increases by {2 percent. That is,

REV; =0 (36)
The required size of each fiscal shock is

A r
o= i 37
" Ws, + @A, (87)

r

~k

k 38
it = Tha — ®B, (38)

r
7= (39)
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Figure 1: Domestic and spillover multipliers, varying n

(a) spending multiplier (e) spending multiplier*

0.15 0.15
0.1¢ 1 017
0.05¢} T 0.05¢}
0 : 0 :
0.5 1 15 0.5 1 1.5
(b) capital tax multiplier 0 (f) capital tax multiplier*
-0.02 ¢ 1 -0.02 ¢
-0.04 ¢ 1 -0.04 ¢
-0.06 : -0.06 :
0.5 1 15 0.5 1 1.5
(c) labor tax multiplier 0 (g) labor tax multiplier*
-0.1
0.1}
-0.2
-0.3 : -0.2 :
0.5 1 15 0.5 1 1.5
(d) consumption tax multiplier 0 (h) consumption tax multiplier*

-0.02
: -0.04 :
0.5 1 15 0.5 1 15
n n

Notes: n = elasticity of substitution between domestic and foreign goods. (a)-(d) plot impact domestic fiscal
multipliers. (e)-(h) plot impact spillover multipliers.
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i = o (40)
~ U, - 8D,

where ' = [TkOé +7 1 —a)+ Tcsc] ,o= [TkOé + 71— a)] (1 — %) —7&21()'?_%), and U = ,; “”SCC

Proof. In Appendix A. O

Column (1) in Figure 2 plots the required size of each domestic fiscal shock to achieve an 1%

increase in domestic total government revenue, i.e., {2 = 1, as we vary 7. Note that

|:T a+T (1 —a)+ 7% ﬁE\m = TkocTt—i—T (1— Oé)Tt+T SeTi+T °s.Ci+ |TFPa + 1 (1 — a)} Cﬁ)\Pit

(41)
An increase in government spending boosts output and leads to increased government revenue.
As n increases, the stimulative effect of spending becomes stronger as households lean towards
cheaper domestic goods. Therefore, the required size of spending shrinks while maintaining the
same change of government revenue. In contrast, increased tax rates dampen output and this
dampening effect gets stronger as 7 increases. Therefore, in order to maintain the same change of

government revenue, the required size of spending rises as 7 increases.

Table 2: Domestic and foreign output in response to normalized fiscal shocks

Spending Capital tax Labor tax Consumption tax
1-1)4,T 1-1)B,r 1-1)Cpr 1-1)D,I
Domestic output <\I,S iL)@ =X —(k <—>¢>B — ( <> 7 —— ( C)c
P T P T (1-a)=¥ T —2C) 75—V = —PDp
1A,T ip,r Llo,m ip,T
Foreign output . — =2 - ¢? — .4
8 p Vsg+PAp Tha—0B, Tl(l—a)—‘l!—lz:l —-®C, T¢se— Ve —®Dp
L Se2n— (2802 —1)(1—dtny) _ X1 _ Zy _  t 2=t _ (—a)sg (v=5c)pgt _
Notes: ¢ = (T=s22)(1-9) »Sax = 3 = 9 V=W (sen) T, Ap = Tt 1 (pa)rtpatoc |* D7 =
(1—a)m*(v=sc)p 1€ (o)t (1—a)7T¢(1—pretprcé)se _ [k 11 c
(v trren] 7 = GGy P = GEnaro s on et S [FPat (1 —a) + %] 2,
_ 1 T%sc(k+1) _ c
®=[rPa+7(1-a) ( Z) vscla)’q/:%'

Table 2 summarizes the responses of domestic and foreign output following each normalized
fiscal shock. Set {2 = 1. Columns (2) and (3) in Figure 2 plot output responses as we vary 7, the
elasticity of substitution between domestic and foreign goods. For tax rates, the patterns of output
responses are similar to those of multipliers in Figure 1. However, the response of domestic output
becomes smaller as 1 increases. The fall in domestic output response is due to a decreasing size of

the spending shock.

12



Figure 2: Shock size and output responses, varying n

1) shock size 2) output 3) output*
- (1) T (2) outp ) (3) outp
220 1.45
©
c 1
8 15 1.4
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10 1.35 0
0.5 1 15 05 1 15 05 1 1.5
3.3 -0.05 0
X
£32 -0.1
S -0.05
<31 -0.15
(@]
3 0.2 0.1
0.5 1 15 05 1 15 05 1 1.5
35 -0.2 0
g 01
5 3 0.4
I 0.2
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5.2 -0.05 0
X
8
6 5 / 0.1 \ -0.05 /
[
o
(@]
4.8 -0.15 0.1
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Notes: n = elasticity of substitution between domestic and foreign goods. Column (1) plots the size of each
domestic fiscal shock to achieve an 1% increase in domestic government revenue. Column (2) plots domestic

output responses to each fiscal shock. Column (3) plots foreign output responses to each fiscal shock.
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4 Simulation

In this section, © is set to equal one. In each country, the representative household purchases

government bonds and its budget constraint is
(1+75)Cit + Iit + Dip = (1 — 74)qiywie Lt + (1 — 75)ai RE K41 + Riy—1Dig—1 (42)

where A is X for country 1 and Z for country 2. Government spending is financed through

distortionary taxes and the issuance of debt. The government budget constraint is
_ kA pk I A c
Git + Rig—1Diy—1 = Dy + 7545 Ry Kt 1 + TG wit Lis + 75, Cit (43)

Equilibrium equations, steady state, and the log-linearized system are given in Appendix C. By
allowing for the dynamics of capital and bonds, we lose analytic tractability and use simulation to
explore the effects of various fiscal shocks.

Following an expansionary fiscal shock, the domestic levels of consumption and investment will
change. Because these components of output are an aggregate of domestic and foreign products,
consumers will directly spend part of their income abroad, changing the demand for foreign imports
and thus foreign production. Moreover, if the real exchange rate appreciates for domestic consumers,
the foreign country’s international competitiveness is enhanced, thus boosting its exports to the
domestic economy.

Figures 3-6 plot the impulse responses following an exogenous change in each fiscal instrument
in the domestic country. The size of each fiscal shock is normalized so that total government
revenue of the domestic country increases by 1% on impact. Variables are measured in percentage
deviation from the steady state. Foreign variables are indicated with an asterisk (*). Note that
in equilibrium, trade is balanced in each country. So the impulse response of exports and that of
imports are the same.

Figure 3 shows how key domestic and foreign variables adjust to the domestic government
spending impulse. Consistent with neoclassical growth models, a spending increase stimulates do-
mestic production but leads to a drop in private consumption. The domestic government funds
its spending by issuing government bonds and collecting taxes. Because of the negative wealth
effect, domestic consumers increase their labor supply while at the same time cutting their con-
sumption. In the meantime, private investment is crowded out because of a higher real interest
rate. Correspondingly, the capital to labor input ratio decreases.

The increase in government spending promotes international trade, raising exports and imports.
The real exchange rate appreciates in the domestic country, meaning that the price drop of the
domestically produced goods is even larger in the foreign country than that in the domestic country.
As the real exchange rate appreciates for domestic consumers, the foreign country’s international

competitiveness is enhanced, thus boosting its exports to the domestic economy. Higher demand
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Figure 3: Responses to a domestic government spending shock
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Figure 4: Responses to a domestic capital tax rate shock
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Figure 5: Responses to a domestic labor tax rate shock
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Figure 6: Responses to a domestic consumption tax rate shock
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from the domestic country leads to an increase of output and investment in the foreign country.
Foreign households enjoy more consumption and leisure time. Correspondingly, the capital to labor
input ratio increases. Overall, cross-country spillovers are significant, i.e., foreign variables respond
in magnitude comparable to that of domestic variables.

Figures 4, 5, and 6 document impulse responses to contractionary domestic tax shocks. Each
foreign variable behaves similarly across different tax shocks. And each foreign variable has an
opposite sign compared to its counterpart under an expansionary spending shock. Therefore, when
different fiscal shocks are normalized into equal revenue terms, their spillover effects on foreign
economic activities are qualitatively similar.

Most domestic variables also behave similarly. One exception is domestic consumption. The
capital tax rate shock leads households to save less and consume more. The labor income tax rate
shock decreases households’ disposable income and they reduce consumption correspondingly. For
the consumption tax shock, households decrease their consumption due to a higher effective price
of consumption goods.

Two results should be highlighted. First, the spillover effects of fiscal shocks are sizable. Second,
when different fiscal shocks are normalized to equal revenue terms, the spillover effects from each

fiscal instrument exhibit remarkable similarity.

5 Conclusion

This paper contributes to the debate on international spillovers of fiscal policy by comparing the
effects of different fiscal instruments. It shows that once normalized into equal revenue terms, each
fiscal shock has qualitatively similar effects on foreign economic variables. This paper serves as a
theoretical benchmark for generating sizable cross-border spillovers of fiscal policy. The current
model is kept deliberately simple so that results are easily interpretable. The model abstracts
from nominal rigidities and monetary policies. It would be important to explore how the interplay
between monetary and fiscal policies influences cross-border spillovers of fiscal stimulus. This

direction is left for future research.
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Appendix A Proofs of lemmas and propositions

A.1 Proof of Lemma 1

Proof. Rewrite the government’s budget constraint

Git+OR;11Diy 1+ (1—-0)T;y =ODy + REVy

Let sy = %, Se = %, st = %, and sg = g. Log-linearize

A 1 - 1 - . . —
sgGie + O saltig1 + OgsaDie1 + (1= 0) sTiy = OsaDi + a7 (1~ ) + s, REV
When © =0

Sgéit + 57Ty = |Tha+ Tl(l —a)+ TCSC] @it

k l c
. 1— S
Tio= =2 Gi+ ~ atT(-a)¥r “REV
ST ST
When © =1
a Lo |- - k l c DIt
sqGit + ESdRi,t—l + BsdDi,tA = 54D + [T a+7(l—a)+T1 sc} REV
R S, 1 /- . ha + 71 — a) + 7050 ———
Dit = *gGit + = (Ri7t_1 + Di,t—l) — ( ) CREV“
Sd I3 Sd

ha 4+ 1741 — @) + 7%,
Sd

N

o s N ~
Ryt = —Dj; — b Sgdpg Git + BE; [Di,t+1 +

A.2 Proof of Lemma 2

Proof. Combining the household’s and the government’s budget constraints in each country, we
obtain
— X X pk
Cit + Iy + G = qywila + g1 By K-

Cot + It + Gor = qQZtUJQtht + Q2ZtR’2€tK27t—1
Noting that w; Ly = (1 — )Yy and RZKM*1 = a¥j, we have
Cu+ T+ Gy =qiYy and Cy + In 4 Goy = ¢4 Yo,
Recall that

G Y1t = (Cr + Iy + G1p) + ¢ Xot — ¢-. 214
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QQZtYZt = (Cot + Iot + Got) + inu - qgngt

Therefore,

s Xor = ¢4 71 and ¢4 71 = gy Xou

And hence

Z X
TBy = <X2t - q;;izlt> /Yy, =0 and TBy = <th - q2ZtX2t> /Yoy =0

Q1t q2t
O
A.3 Proof of Lemma 3
Proof. First, we prove ¢7, = —%(jﬁ and g3 = —%(jﬁ. Recall that
Q(X11, Zu) =Cu+ I+ Gu = qy Y and  Q(Zoy, Xoy) = Coy + Iny + Goy = ¢4,V
Moreover,
Xi=w(qy) QX Zur) and Zi=(1-w)(¢f) " QX1 Z1t)
Zot = w (QQZt)in Q(Zyt, X91) and Xop = (1 —w) (q%i)*" Q(Zas, Xoy)
Combining the above equations, we obtain
1— —
Xu=w(qy) "Yu and Zy=(1-w)(¢f) "V
1— —
Zy = w (¢%) Yy and  Xop = (1 —w) (431 AL
Log-linearize the above equations
Xy = (1—1n)dis + Vi, and Zy = —Uﬁlzt + gv + Vit
Zy=(1-n)G5+ Yy and Xo = -—ni + G5 + Ya
Let s,, = X—ll = % From the resource constraints X;+ Xo; = Y14 and Z14+ Zo; = Yo, we have that
X 7 1 n—1 < 1 -1 1 =177
¥ =5 =1— sz Let Y = wn (Sgz) 7 . From ¢ Y1 = [wn (X1e) " +(1—w)n (Zyy) ]

n—1 n—1

n
T+ (1 - w)7 (Xa) ]"71,We get

and (qQZt) (Yar) = [W% (Zat)

gy +Yie =X+ (1 — ) Zy and G4 + Yor = 2o + (1 — ) Xot
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Plugging Xlt, th, th, and th into the above equations, we obtain

Yay +(1—¥)df, =0 and ¥g% + (1 —v)ds =0

Therefore,
-7 v x X v g
=— and =——
a1t 1— o 1t 42t 1— o 2t
7 X .- _ a4y _ 4
Next, we prove ¢35, = —¢i;. Recall the definition of the real exchange rate RER; = il
2t 2t
Log-linearization yields
SX | A7 a7 oX
qit t+ 92t = qit + 42t
Plug ¢ = —%cjfg and o = —%@2% into the above equation
X | 7 Vv x Y
+@h =G — ——
e T qot 1_¢QIt 1_¢CI2t
Rearrange
~X 7
@1t = —4d2t
O]

A.4 Proof of Lemma 4

Proof. Log-linearize the resource constraint in country 1
Sszlt + (1 - S:Ez) X2t = }A/lt

Plug X1 = (1—n) 4iy + Vi, Xor = —nd3s + 64 + Yar, G35 = 725055, and ¢4 = —G7} into the above

equation

Sz (1 - ’f]) ijg + S:Ezf/lt - (1 - Szz) nlq’—/)w Aﬁ - (1 - sz) (jfg + (1 - sz) Y2t = }Aflt
Rearrange
28, — 1) (1 — v+ — 5 R N N
( Tz ) ( /llb nw) xzang — }/it o YQt
(1—522) (1 =)
Note that the same result can be obtained if we use equations from country 2. O
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A.5 Proof of Proposition 1

Proof. Given that capital and productivity are fixed, we have that Ky = 0, Ay = 0, and Ly =

ﬁf’it. The log-linearized eugations become

Sgéit + 57Ty = aTkTﬁ +(1- a)T 7' + 75T + atk + (1- OZ)TI} <Scéit + Sgéit) +7%8.Cit (44)
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¥ — Sc Yy—S.1—7 Y—Sc1+T Y—81—«
R ¢ k
’)/Cit + (1 - pTC) 1 + e 1t + gsgpg it — ('7 é‘sc) Et i,t+1 +€ ka (46)

The variables can be solved with the method of undetermined coefficients. Guess
Yie = A,Gy — Byt — Oty — Dyt + GpGaoy — Hyih, — Lk, — J,75,

~ ~ ~C Ay A ~AC
Yor = A,Gor — pTZt C th D,75 + GpGriy — HpTlt L7 7'1t IpT1s

From equations (31) and (32), ¢;* and ¢Z can be written as functions of Gy, 7%, 7, 7¢ where
i = 1,2. By plugging Y1, and Ya into (45), we could obtain Cj;. Update Cj by one period and

obtain EtCA'@tH. Plugging C’it and Eté’i7t+1 into (46) and matching coefficients, we get
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and

A e 1 . 1 . 1 R 1 ~c
qﬁ + Y;‘t = <1 — C) ApGit — <1 — C> BpTi]?t — <1 — C) CpT,L'lt — <1 — C) DpTit

A.6 Proof of Proposition 2 and calculation in Table 2

Let Gjt =74, = Ty = T, = T = 7{; = 75, = 0. Then
— 1 A
GDPy = <1 — C) ApGiy

— 1 A
GDP]t - EApGit

A Sy k+1 N
it = - A i
Cit [7—& (v —50) (1 — ) JGt
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k !
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2= GDP;
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C
%5, .
Cit

Plug G/DTDZ-,: and C’it into the above equation and solve G,-t

[Tka + 71 —a)+ TCSC] P

Git - k l 1 s K+l
[TFa + 711 — )] (1 — Z) Ap 475 L_gsc - s Ap}
Hence,
- (1 — %) A, [TkOé + 71 —a)+ TCSC] (0]
GDPy = — — N reeiD)
TSC,Y_SC—I—{[T CK—I—T(l—O[)](l—Z)—m}Ap
EF, = Ly [t 7101~ a) 4 77 2

resest + {[rha+ (1 —a)] (1- 1) - el g,

Similarly, let Gy = Gop = T = T1p = #, = 7, = 75 = 0 and choose 7£ so that REV;y = 0.
Let Gy = Gy = 7, = 7§, = 7, = #f, = 7§ = 0 and choose 7}, so that REV; = 2. Let
e %]?t = 0 and choose 7;; so that ﬁE\Vit = (2. The procedures are

A AL Ak sk oAl
G = Goy = T1y = Tgp = 71y = Ty
the same and hence omitted to save space.
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Appendix B Solving the model in Section 3

B.1 Equilibrium conditions

01+ ) LIt Ch = (1 = mi)aft (1 — ) A KTy (47)

Cy’ Cida kv A pk
it E’7{1—< A R 1—5} 48
Grrg T 0T T i+ (120) (18)
Vi = AuKe,_y (Lu) ™" (49)
Git + Tie = ThafaYi + mhai; (1 — a)Ya + 75,Cit (50)

CMYt

) A — 51
1t Kl,t—l ( )

Equations (47)-(51) along with the law of motion for capital, (8), the productivity shock processes,
(11) and (12), and the fiscal policy rules, (14)-(17), define a competitive equilibrium.

B.2 Computation of steady state

Let s, = % In a symmetric steady state, ¢ and ¢ are normalized to equal 1. From equation
(48)
e 1/B=(1-9)

RNy

From equation (51)

K a(l-7"
Y 1/8—(1-9)
From /I =K and C+I1+G=Y

From equation (50)

Combining equations (47) and (49), we get
I 1—y a(l—y)
(1 =71 —a)AT=a (s5) ==

0 =
(14 7€) (s0)” LA+

6 is chosen so that L = 0.33. Y can be solved from equation (49)

Y = AT (5,)T5% L
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After we solve Y, it is trivial to solve C, K, I, and T.

B.3 Log-linearized system

Replace R’ft 41 by Y1441 — K14 The log-linearized system consists of equations (31), (32), and
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B.4 Calculating fiscal multipliers

Recall that
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Let Gy = Goy = 7f, = 75, = #l, = 7, = 7% = 0. Then

gt
— 1 —
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Appendix C Solving the model in Section 4

C.1 Equilibrium conditions

Replace RF,, | by ay’ ~%.. Define ¢;; = §*.
9( + th)LH—FlCﬁ/ = (1 - 7- )ta(l OZ)Y;‘t (63)
It

1=1;|1— ) 64
1= (5 =) (64)
Cu' _gP RaCigia (65)

L+ L+

c. 50_7511 k A oYy ¢ 9 - ¢ o

Litl _:ET’L% = E 1 T ;_ C {(1 — i,t+1)q’i,t+1 ]Z{Zt + L; 41 |:(1 — 5) 212 t+1K 56 :| } (66)

Cit + It + Giy = ¢/ Yy (67)

Equations (63)-(67) along with the law of motion for capital, (8), the productivity shock processes,
(11) and (12), the fiscal policy rules, (14)-(17), the government budget constraint, (43), and the

production function, (49), define a competitive equilibrium.

C.2 Steady state

RF, si, sq, and 6 are the same as those in B.2. We do not have s7 anymore. Instead, we have

D ath4+(1—a)r! +s.7¢— s,

Y 1/6-1

Sd
In addition, ¢ = 1 and R = 1/p.

C.3 Log-linearized system

The log-linearized system consists of equations (31) and (32), equations (52) through (59), and

bit = pO Iy — ¢5f(z‘,t71 (68)
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Appendix D Discussion of a bond economy

In this section, internationally traded bonds are added to our financial autarky model in Section 4.
We consider a bond economy in which a single non-contingent bond is traded in the international
asset market. The bond is denominated in terms of good X. As pointed out by Heathcote and Perri
(2002), the denomination of the bond only has second order effects and hence does not influence
the equilibrium allocations.

Let B;; denote the quantity of bonds purchased by country ¢ residents, in period ¢ in terms of
good X. The bond pays a gross interest rate of R?. The budget constraint for the representative

household in country ¢ becomes

(1+75)Cre+ I+ Dy +q By = (1—74)gwi L+ (1 —78) g4 REK; o 1+ Riy—1Diy—1+¢; Ry_1 Biy—1
(74)

Compared to the financial autarky model in Section 4, we now have three more variables, Rf ,
Bit, and By;. We also have three more equations to solve the bond model. The first two equations

arise from households’ optimization problem.
thQfg = EthtHR? (75)
Rowgy = Eva3y 1 Ry (76)
The third equation is the bond market clearing condition
Bit+ By =0 (77)

In the bond economy model, Lemma 2 no longer holds. Trade balance in the two countries are

given by

4
By = (Xm - ‘q@;&) /Yi = (Bu— Rl Bie) /Ya (78)
1t
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a3 a3 Bi b
T'By = (th - ZtX2t> /Yor = (ZtBQt - Zth_le,t1> /Y (79)
2 2t 2

The quantities of good X and good Z in the two countries are given by
1— 1— 1—
Xyt =w (qu) Vit w (Qfg) "R} By —w (qu) " By (80)

_ 1— 1—
Xop=(1—w)(g) " gZ Yo+ (1 —w) (g35) "R\ Boy1—(1—w)(gn) "Ba  (81)

Zi=(1-w) (¢&) " aqYie + (1 —w) (¢f) " as Ry _1Biy—1 — (1 —w) (¢82) " a1y Bue (82)

Zoyp = w (q2zt)1—77 Vor +w (¢4) " a RY_1Boy—1 — w (¢4) " 433 Bas (83)

However, the other lemmas still hold if we assume that net foreign asset position in steady state
is zero, that is,
B1=By=0 (84)

The log-linearized equations are mostly the same as before. Specifically, equations (29)-(32),
(52)-(59), and (68)-(73) remain the same. In this way, domestic fiscal shocks still generate sizable
spillovers abroad. Note that in order to make the law of motion for bonds stationary, a very small
quadratic cost on bond holdings can be imposed to solve the model (see Heathcote and Perri, 2002).
An earlier version of this paper includes a similar bond economy and the results are available upon

request.

Appendix E Data sources and construction

The construction of tax rates on capital income, labor income, and consumption, and government
spending uses data from the Bureau of Economic Analysis’ NIPA. The source and methodology of
processing these data are the same as in Leeper, Walker, and Yang (2010). Fiscal variables include
federal and state and local governments.

The average consumption tax rate is calculated as 7¢ = % where T is taxes on production
and imports less property taxes. Jones’s (2002) definition of average personal income tax rate
is P = WE?W where IT is personal current tax revenues, W is wage and salary accruals,
PRT is proprietors’ income and C' is capital income. Capital income is computed as the sum
of rental income, corporate profits, interest income, and PRI/2. Then the average labor income

tax rate is calculated as 7! = T (%Ei}yﬁ)/gcy where C'ST is contributions for government social

insurance and EC' is compensation of employees. The average capital income tax rate is computed

k _ tPCI4+CT+PT : : :
as 7" = —&rpr where CT is taxes on corporate income and PT is property taxes.
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