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Abstract

We use a two-sector neoclassical open economy model with traded and non-traded
goods to investigate the effects of unanticipated and anticipated tax reforms. First, an
unanticipated tax reform produces an expansion of GDP, labor, and investment, while
an anticipated tax reform has opposite effects before the implementation of the labor tax
cut. Quantitatively, if the traded sector is more capital intensive, GDP increases by 1.6
percentage points or declines by 2.8 percentage points after three years, depending on
whether the tax cut is unanticipated or anticipated. Second, we find that GDP change
masks a wide dispersion in sectoral output responses. Importantly, in all scenarios, a
tax reform substantially raises the relative size of the non-traded sector while traded
output always drops. Allowing for the markup to depend on the number of competitors,
we find that a significant share of GDP change can be attributed to the competition
channel while the dispersion of sectoral output responses is amplified. Finally, the
workers only benefit from the labor tax cut if the tax change is unanticipated and the
traded sector is more capital intensive.
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1 Introduction

Tax reform continues to be a key item on the policy agenda of many industrialized countries.
From the early nineties, European tax systems were asked to achieve conflicting targets:
reducing the unemployment rate and achieving budget balance over the medium run. As a
consequence, several European countries have cut labor tax while consumption tax has been
raised in response to the decline in fiscal revenues, due to the unavailability of debt financing.
Recently, in response to deficits accumulated by the current crisis, western countries have
had to find new revenues while trying to avoid higher labor taxes at the same time. In
view of governments’ revenue needs and low employment rates, several OECD countries
are discussing changing the tax structure, i.e. a tax reform that puts more weight on
consumption taxes but reduces labor taxes.! Even though this kind of tax structure change
has recently gained popularity, the extent of its beneficial effects is debatable. Further,
Mertens and Ravn [2009] and Favero and Giavazzi [2011] find evidence of a fall in GDP
before the implementation of a tax cut as a result of fiscal foresight. In this paper, we revisit
the effects of unanticipated tax reforms by contrasting those of anticipated tax reforms in

a small open neoclassical economy.

One major goal in this paper is to estimate the impact of unanticipated and anticipated
tax reforms on the sectoral composition of output. Our study is motivated by recent
estimates provided by Bénétrix and Lane [2010] which reveal that fiscal shocks have a
significant impact on the sectoral composition of aggregate output and disproportionately
benefit the non-traded sector. Furthermore, while it is currently accepted that the labor
intensive sector always benefits more from the labor tax cut, our model can test such
an assertion. We draw on earlier work by Turnovsky and Sen [1995] who develop an open
economy model with a traded and a non-traded sector, but consider elastic labor supply and
imperfect competition in product markets.? One attractive feature of a two-sector model
with tradable and non- tradable goods is to cover both the closed economy and the open
economy dimensions of contemporary industrialized countries. In particular, the empirical
evidence shows that the non-tradable content of GDP and employment is substantial, at
around two-thirds.> From an analytical point of view, as in a closed economy model,
capital accumulation clears the home good market, see e.g., Baxter and King [1993]. In
the same way as in a small open economy, external borrowing allows households to smooth
consumption intertemporally. Additionally, a two-sector model allows us to investigate the

distribution effects, i.e. the movement in the labor share, while in a one-sector model, the

'See Auerbach [2011] and IMF [2010].
2Coto-Martinez and Dixon [2003] use a similar framework to ours, but they analyze the effects of a

permanent rise in government spending by assuming that the traded sector is more capital intensive than

the non-traded sector.
3Non-tradable proportions are given in Table 3 (see Appendix A).
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Figure 1: Tax Rates in Six European Countries (BEL, FIN, FRA, ITA, ESP, SWE)

labor share is fixed (as long as the elasticity of substitution between capital and labor equal
to one).

Since tax reforms take various forms, we consider three types of policy experiments: i)
two revenue-neutral tax reforms shifting the tax burden from labor to consumption tax and
ii) one labor tax reform shifting the composition of the tax wedge from payroll taxes (i.e.
the employer’s part of labor taxes) to wage taxes (i.e. the employee’s part of labor taxes).?
The motivation for considering such revenue-neutral tax reforms draws on the change in tax
structure in European countries over the last twenty years. Figure 1 plots changes in labor
taxes and consumption taxes over the period 1990-2007 for six European countries featuring
high labor taxes and unemployment rates in the early nineties. Figure 1 shows that the
labor tax has been lowered by about 4 percentage points and over the same period the
consumption tax has been raised substantially in response to the decline in fiscal revenues.
Other countries, for example Hungary in the nineties, did not change the consumption tax
but instead cut payroll taxes and raised wage taxes. Hence, we also estimate the effects of
a shift from payroll taxes to progressive wage taxes as in Heijdra and Lightart [2009]. From
a theoretical point of view, focusing on the three tax reforms outlined above is analytically
convenient. More specifically, we show that changes in aggregates following a tax reform

are simply a scaled-down version of the changes after a labor tax cut associated with a fall

in lump-sum transfer.

4When studying the effects of revenue-neutral tax reforms, we consider alternatively a fall in payroll taxes
or a drop in progressive wage taxes coordinated with a rise in consumption tax keeping the government

budget balanced.



Several papers exist, taking the neoclassical and New Keynesian approaches, that an-
alyze the effects of tax reforms in an open economy, see Mendoza and Tesar [1998] and
Coenen et al. [2008].> However, most of the analyses consider unanticipated tax shifts.
Recent VAR empirical evidence documented by Mertens and Ravn [2009] shows that a tax
cut produces opposite responses in GDP, hours worked and investment during the pre-
implementation period compared to the responses after the policy implementation.® More
specifically, evidence provided by Mertens and Ravn shows that an unanticipated tax cut
gives rise to significant increases in output, hours worked, and investment while an an-
ticipated tax cut is associated with pre-implementation declines in these aggregates. By
contrast, the real wage increases, whether the tax cut is anticipated or not. Our results
contribute to the existing literature on tax reforms by contrasting the impact of unantici-
pated labor tax cuts with the effects of announced tax labor tax reductions.” Additionally,
whereas the previous literature estimates the impacts of tax reforms only numerically, we
consider a continuous-time framework which allows us to establish a number of analytical

results.

Our paper provides three sets of key findings. First, we find that a shift from payroll
taxes to consumption taxes produces an increase in GDP which is about half-way between
the large-scale effects after a shift from progressive wage taxes to consumption taxes and the
much smaller effects following a shift from payroll taxes to progressive wage taxes. Second,
the predictions of our model are broadly in line with the VAR evidence related to the effects
of tax shocks. In particular, we find that an unanticipated tax reform involving a labor
tax cut stimulates consumption, crowds in investment, increases employment and raises
GDP, in line with estimates by Mertens and Ravn [2009]. Moreover, in accordance with
the evidence from Romer and Romer [2010] for the US and Cloyne [2011] for the UK, the
open economy experiences a trade balance deficit on impact as consumption of the traded
good increases while traded output falls.® When considering an anticipated labor tax cut,
we find that GDP, hours worked and investment decline during the pre-implementation
period, regardless of sectoral capital intensities. The reason is that agents now anticipate

that they will be richer in the future. The consequent positive wealth effect induces them

5Note that the literature analyzing the effects of a tax reform that shifts the tax burden from labor to
consumption commonly use a closed economy framework, see e.g. Auerbach [1996], Heer and Trede [2003],

Lehmus [2011].
SExploiting the distinction between anticipated and unanticipated tax shocks proposed by Mertens and

Ravn [2009], Favero and Giavazzi [2011] also find that anticipated tax shocks have opposite effects on GDP

in the pre-implementation and post-implementation periods.
"Yang [2005] and House and Shapiro [2006] analyze the effects of anticipated tax cuts by using a neo-

classical framework. In contrast to these two studies, we consider an open economy model with tradables

and non-tradables.
8 According to Romer and Romer’s [2010] estimates, an exogenous tax cut results in a trade balance

deficit by driving down exports and raising imports. Cloyne [2011] finds similar results for the UK, although

the response of exports is quite muted.



to raise consumption and lower labor supply. As a result, GDP falls initially while higher
private consumption crowds out investment expenditure. Third, numerical results reveal
that aggregate effects mask a wide dispersion in sectoral output responses. Following an
unanticipated 1 percent decrease in the tax revenue (relative to GDP), we find numerically
that GDP increases between 1.6 (1.5) percentage points after three years if the traded (non-
traded) sector is more capital intensive than the non-traded (traded) sector.” The sectoral
decomposition of GDP growth shows that traded output declines by -1.3 (-1.5) percentage
points of initial GDP while non-traded output rises by 2.9 (3.0) percentage points. When
the tax reform is anticipated, sectoral capital intensities play a key role in driving the
response of aggregate output; specifically, GDP falls by -2.8 (-1.0) percentage points while
traded output drops by -2.4 (-6.2) and non-traded output falls (rises) by only -0.4 (5.2)

percentage points.

Moreover, we explore quantitatively the role of the competition channel in driving the
effects of a tax reform. In particular, a growing amount of literature emphasizes that the
variation in the number of competitors and the consequent change in the markup provides
an important magnification mechanism, see e.g., Jaimovich and, Floetotto [2008], Wu and
Zhang [2000], Zhang [2007].1 We draw on Jaimovich and Floetotto [2008] in allowing for

I Following an unanticipated tax reform, our numerical

the markup to be endogenous.
results show that abstracting from the competition channel would underestimate the three
years cumulative response of GDP by 5%. When the shock is anticipated, sectoral capital
intensities and endogenous markup interact in determining the extent of the effects. If the
traded sector is more capital intensive, a model with a fixed markup would underestimate
(overestimate) the drop of GDP after three years by almost 15% (10%) as the rise in the

markup during the pre-implementation period triggers a recessionary (expansionary) effect

on non-traded output.

Finally, when analyzing the sectoral and distribution effects, we find that our two-sector
model produces two counter-intuitive results: i) the more labor intensive sector does not
always expand following a labor tax cut, ii) and the workers do not always benefit from
the labor tax cut. When the tax reform is unanticipated, non-traded output is above trend
while traded output stays below in the short run, regardless of sectoral capital intensities.

When the tax cut is anticipated, the output of the more labor intensive sector declines

90ur numerical results are close to the estimates provided by Perotti [2011] who finds that an unexpected
1 percentage point of GDP decrease in taxes leads to an increase in GDP by about 1.5 percentage points

after three years.
OFor a group of 14 OECD countries and 5 industries, Wu and Zhang [2000] find evidence of a significant

impact of tax rates on markups. Specifically, the authors find that higher income tax raises the markups by

reducing the number of firms.
" Note that our model is close to Coto-Martinez and Dixon’s [2003] framework. In contrast to the authors,

we allow for the markup to be endogenous and estimate numerically the effects of both unanticipated and

anticipated tax reforms.



substantially and remains below trend. Regarding the distribution effects, the workers only
benefit from the labor tax cut if the tax change is unanticipated and the traded sector
is more capital intensive. When the fall in the labor tax is anticipated, the fall in hours
worked raises the capital-labor ratio which in turn drives the labor share down sharply, and
more so when the markup is endogenous, regardless of sectoral capital intensities. However,

once the tax cut is implemented, the labor share recovers immediately.

Closely related to our paper is the study by Petrucci and Phelps [2009] who use a life-
cycle two-sector setup to analyze the consequences of a labor tax cut compensated by a fall in
government spending, or a rise in capital or consumption tax. In a similar spirit, we achieve
a better understanding of the aggregate effects of tax reforms by investigating sectoral effects
in an open economy. In contrast to our study, they restrict their analysis to the effects
of unanticipated tax cuts while we investigate the consequences of both unanticipated and
anticipated tax reforms. Additionally, we consider a traded sector alternatively more or less
capital intensive than the non-traded sector. Further, we introduce imperfect competition
in product markets, contrasting the case of a fixed markup with that of an endogenous
markup. Finally, we estimate numerically the short-run and long-run effects and conduct
a sensitivity analysis with respect to the anticipation horizon.

The remainder of this paper is organized as follows. Section 2 outlines the specification
of a two-sector open economy model with traded and non-traded goods. Sections 3 and
4 provide an analytical exploration of the short-run and long-run effects of unanticipated
and anticipated tax reforms. In section 5, we report results from numerical simulations and
discuss both the aggregate and sectoral effects of a tax reform, contrasting the case of an
unanticipated labor tax cut with that of an anticipated tax cut. Section 6 explores the case
of an endogenous markup and discusses the quantitative role of the competition channel.

In Section 7, we summarize our main results and present our conclusions.

2 The Framework

We consider a small open economy that is populated by a constant number of identical
households and firms that have perfect foresight and live forever.'? The country is small in
terms of both world goods and capital markets, and faces a given world interest rate, r*. A
perfectly competitive sector produces a traded good denoted by the superscript T that can
be exported and consumed domestically. An imperfectly competitive sector produces a non-

traded good denoted by the superscript N which is devoted to physical capital accumulation

2More details on the model as well as the derivations of the results which are stated below are provided

in an Appendix which is available from the authors on request.



and domestic consumption.'® The traded good is chosen as the numeraire.!4

2.1 Households

At each instant the representative agent consumes traded goods and non-traded goods
denoted by CT and CV, respectively, which are aggregated by a constant elasticity of

substitution function:

2

o—1 1 ¢—1
2

(- 0)F (O , (1)

C (CT,CN) = |p@ (CT)
where ¢ is the weight attached to the traded good in the overall consumption bundle
(0 < ¢ < 1) and ¢ is the intratemporal elasticity of substitution (¢ > 0).

The agent is endowed with a unit of time and supplies a fraction L(t) of this unit as
labor, while the remainder, [ = 1 — L, is consumed as leisure. At any instant of time,
households derive utility from their consumption and experience disutility from working.
Households decide on consumption and worked hours by maximizing lifetime utility:

o 1 1-L 1 |
U:/ {_10(0 e w20 +(’L}e Plat, (2)
0

oc oL

where (3 is the consumer’s discount rate, oo > 0 is the intertemporal elasticity of substitu-

tion for consumption, and o7, > 0 is the Frisch elasticity of labor supply.

Factor income is derived by supplying labor L at a wage rate W, and capital K at a
rental rate RX.'5 Labor is taxed at rate 7. The wage tax is levied on households’ wage
income above a certain threshold k, which represents the personal tax allowance. Thus,
WA = W — (W — k)71 corresponds to the after-tax wage. As long as tax allowances
are positive, the tax system is progressive which means that the average tax burden rises
with the wage rate. In addition, households accumulate internationally traded bonds, B(t),
that yield net interest rate earnings of r*B(t). Denoting lump-sum transfers by Z, the

households’ flow budget constraint can be written as:
B(t) =r*B(t) + RE() K (t) + WA(t)L(t) + Z — Pc (P(t)) (1 +79) C(t) — P(t)I(t), (3)

where Pc is the consumption price index which is a function of the relative price of non-

traded goods P. The last two terms represent households’ expenditure which include pur-

c

chases of consumption goods, inclusive of a consumption tax 7%, and investment expendi-

ture PI. Aggregate investment gives rise to overall capital accumulation according to the

13 As stressed by Turnovsky and Sen [1995], allowing for traded capital investment would not affect the
results (qualitatively). Furthermore, like Burstein et al. [2004] and Bems [2008], we find that the non-
tradable content of investment accounts for the lion’s share of total investment expenditure (averaging to

60%).

4 The price of the traded good is determined on the world market and exogenously given for the small

open economy.
15We abstract from capital income tax which is beyond the scope of this paper.



dynamic equation

K(t) = 1(t) = 6 K (1), (4)
where we assume that physical capital depreciates at rate dx. In the rest of this paper, the
time-argument is suppressed for the purposes of clarity.

Denoting the co-state variable associated with eq. (3) by A, the first-order conditions

characterizing the representative household’s optimal plans are:

C=(Pc(1+7%)N) ", (5a)
L= (AWA) ” (5b)

YL ’
A=\(B—r), (5¢)
RPK—(SK—F§:T*, (5d)

and the appropriate transversality conditions. In an open economy model with a represen-
tative agent having perfect foresight, a constant rate of time preference and perfect access
to world capital markets, we impose 3 = r* in order to generate an interior solution. This
standard assumption made in the literature implies that the marginal utility of wealth, A,
will undergo a discrete jump when individuals receive new information and must remain
constant over time from then on, i.e. A = A. Finally, applying Shephard’s lemma gives
consumption in tradables C7 = (1 — a¢) PoC and non-tradables PCY = a¢PoC, where

ac denotes the non tradable content of consumption expenditures.

2.2 Firms

Both the traded and non-traded sectors use physical capital, K7 and KV, and labor, LT
and LV, according to constant returns to scale production functions, Y = F (K T LT) and
YN=H (K N N ), which are assumed to have the usual neoclassical properties of positive
and diminishing marginal products. Both sectors face two cost components: a capital rental
cost equal to R¥, and a labor cost equal to the wage rate plus the employer’s part of labor
taxes, i.e. WI'=W (1 + TF). The traded sector is assumed to be perfectly competitive.
The first order conditions derived from profit-maximization in the traded sector state that
factors are paid to their respective marginal products, i.e. Fx = RX and F;, = WF. As
described in more detail below, the non-traded sector contains a large number of indus-
tries and each industry comprises differentiated monopolistically competitive intermediate

firms.17

(1—p)Pt—¢

) PT=F Note that it depends negatively on the relative price P as

16Specifically, we have ac =

long as ¢ > 1.
"Tn the lines of De Gregorio, Giovannini and Wolf [1994], the non-traded sector is assumed to be mo-

nopolistically competitive. This assumption also relies upon observed empirical facts. According to our

estimates for a sample of fourteen OECD economies, the markups in the traded sector average 1.2 with a



The final non-traded output, Y, is produced in a competitive retail sector with a con-
stant returns to scale production which aggregates a continuum of measure one of sectoral
non-traded goods.'® We denote the elasticity of substitution between any two different sec-
toral goods by w > 0. In each sector, there are N > 1 firms producing differentiated goods
that are aggregated into a sectoral non-traded good. The elasticity of substitution between
any two varieties within a sector is denoted by € > 0, and we assume that this is higher than
the elasticity of substitution across sectors, i.e. € > w (see Jaimovich and Floetotto [2008]).
Within each sector, there is monopolistic competition; each firm that produces one variety
is a price setter. Output A&;; of firm 7 in sector j is produced using capital and labor, i.e.
X;j = H (K;j,Li;). Each firm chooses capital and labor by equalizing markup-adjusted
marginal products to the marginal cost of inputs, i.e. Hg/u = R¥, and Hp/u = WF,
where p is the markup over the marginal costs. In a symmetric equilibrium, non-traded
output is equal to YN = NX = H (K N LN ) We assume that there is a large number
of firms within each sector, so that each single intermediate producer is small relative to

the economy. In this set up each producer in a sector faces the same price elasticity of

e

o1’ where

demand, e. Hence, the producer of a variety charges a constant markup p =
e is the price-elasticity of demand. Because the number of competitors is large, e is equal
to €. In section 6, we relax this assumption and assume instead that a finite number of
firms operate within each sector producing non-tradable varieties.!” Whether the markup

is fixed or endogenous, we assume instantaneous entry, which implies that the zero profit

condition holds at each instant of time.

Denoting by k' = K'/L' the capital-labor ratio for sector i = T, N, enables us to
express the production functions in intensive form, i.e. f (k:T) = F (KT,LT) /LT and
h (k:N) =H (KN,LN) /LY. Production functions are supposed to take a Cobb-Douglas
form: f (kT) = (kT)eT, and h (kN) = (kN)HN, where 07 and 6V represent the capital

income share in output in the traded and non-traded sectors respectively. Since inputs can

move freely between the two sectors, marginal products in the traded and the non-traded

small dispersion across countries whereas for the non-traded sector, the markups average about 1.4 with a
large dispersion across countries. Additionally, assuming that the traded sector is imperfectly competitive
would not affect the results qualitatively, as long as the markup is fixed. Estimates of the markups charged
by the traded sector are available on request, while estimates for the non-traded sector are reported in Table

3.
'8 This setup builds on Jaimovich and Floetotto’s [2008] model. Details of its derivation can be found in

the Appendix.
19 As stressed by Yang and Heijdra [1993], departing from the usual assumption made by Dixit and Stiglitz

[1977] implies that the price elasticity of demand becomes an increasing function of the number of firms and

that the markup is endogenous.



sector equalize:

o7 (kT)eT‘1 = ieN (kN)eN‘1 = RK, (6a)
(1—67) (k)" = 1; (1—6) ()" = W, (6b)

These static efficiency conditions mean that the sectoral marginal products of capital and

labor must equal the capital rental rate RX and the labor cost W respectively.

Aggregating labor and capital over the two sectors, gives us the resource constraints for
the two inputs:

T+N=L, KT+KN=K, (7)

where LN = NﬁN and KN = N’CN.

2.3 Government

The final agent in the economy is the government which finances government expenditure
on traded and non traded goods, G = GT + PGY, and lump-sum transfers to house-
holds Z by raising taxes on consumption, 7¢PoC, and labor, [TH (W —k)+ TFW] L =

(WF — WA) L, in accordance with the balanced condition:%°
TPcC+ (WE - WAL =2+G"+ PGV, (8)

Since tax reforms can take various forms, we consider three types of tax restructuring.
We explore two revenue-neutral tax reforms which involve simultaneously either cutting
payroll taxes by drf < 0 or progressive wage taxes by d7H < 0 and raising consumption
taxes by d7¢ > 0 so that the government budget is balanced. As long as the tax system is

F

progressive, i.e. k£ > 0, cutting either 77" or 7/ produces different labor outcomes because

the payroll tax and wage tax bases are not equal.
These two revenue-neutral tax reforms cause a fall in the marginal tax wedge denoted
by 7™ defined as the difference between the producer wage and the after-tax marginal wage

expressed as a percentage of the producer cost:

1—7H
M __
T _1_1+TF. 9)

We further analyze a third type of tax restructuring which involves simultaneously cutting
payroll taxes by dr’ < 0 and raising progressive wage taxes by drf > 0 so that the

marginal tax wedge is unchanged.

2.4 Short-Run Static Solutions

System (6a)-(6b) can be solved for sector capital intensity ratios: k7 = kT (P) and k" =
kN (P). Using the fact that W = (1 —67) (kT)GT, the wage rate depends on P and the

20Government spending on traded GT and non traded goods PG are considered for calibration purposes.



employer’s part of labor taxes 77" as well, i.e. W =W (P, TF), with Wp 2 0 and W_r < 0.
An increase in the relative price P raises or lowers W depending on whether the traded
sector is more or less capital intensive than the non-traded sector. A fall in 7% induces

firms to raise the wage W to equalize the labor marginal product with the labor cost.

Plugging sectoral capital-labor ratios into the resource constraints and production func-
tions leads to short-term static solutions for sectoral output: Y7 = YT (K, L, P) and
yN =yN (K, L, P). According to the Rybczynski theorem, a rise in K raises the output
of the sector which is more capital intensive, while a rise in L raises the output of the
sector which is more labor intensive. An increase in the relative price of non-tradables P
exerts opposite effects on sectoral outputs by shifting resources away from the traded sector
towards the non-traded output.

By substituting first W = W (P, ¥ ), eqs. (Ha)-(5b) can be solved for consumption
and labor supply as follows: C' = C(X,P, TC) with C5 < 0, Cp < 0, C,.c < 0, and
L=L(\P17) with Ly >0, Lp 2 0, and L,; <0 (with j = F, H). A rise in the shadow
value of wealth induces agents to cut their real expenditure and to supply more labor. By
raising the consumption price index, an appreciation in the relative price of non-tradables
drives down consumption. Depending on whether k7 = kY, a rise in P stimulates or
depresses labor supply by raising or lowering W. Reducing the labor tax 77 raises the

after-tax wage W4 and thereby provides an incentive to supply more labor.

2.5 Equilibrium Dynamics

The adjustment of the open economy towards the steady-state is described by a dynamic
system which comprises two equations. First, the dynamic equation for the relative price of
non-traded goods (5d) which equalizes the rates of return on domestic capital (i.e. R /P —
8k 4+ P/P) and foreign bonds r*. Second, the accumulation equation for physical capital

clears the non-traded goods market along the transitional path:

. YN(K,L,P <
K= (M”)—CN (X, P79 -GN - kK, (10)
with L = L (X, P,77) (with j = F, H).

Dynamic equations (5d) and (10) form a separate subsystem in P and K. Inserting

short-run static solutions, linearizing these two equations around the steady-state, and

denoting the long-term values with a tilde, we obtain in a matrix form:

. YN YN ~
K K L —CN K(t) - K
N L ot (11)
P 0 & P(t)—P

The determinant of the linearized 2 x 2 matrix is unambiguously negative and the trace is

equal to *.2! Hence, the equilibrium yields a unique one-dimensional stable saddle-path,

21See the Appendix for further details.
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irrespective of the relative sizes of the sectoral capital-labor ratios. Denoting the negative

eigenvalue by v; and the positive eigenvalue by v, the general solutions for K and P are
K(t) - K = Bie"'t + Bye"?, P(t) — P= wa B1e"'t + w2 Bye?t, (12)

where By and By are constants to be determined and (1, w%) is the eigenvector associated
with the eigenvalue v; (with ¢ = 1,2).

Two features of the two-sector economy’s equilibrium dynamics deserve special atten-
tion. First, as long as the markup is fixed, if k7 > k%, the temporal path for the relative
price remains flat for the no-arbitrage condition (5d) to be fulfilled. Hence, in this case,
wi = 0. If capital intensities are reversed, then wi < 0. As a consequence, the relative
price exhibits transitional dynamics; P and K move in opposite directions. Second, after
an unanticipated permanent tax cut, to ultimately approach the steady-state (f( , ]5) and
to satisfy the transversality condition lim;_,o, P(t)K(t)e™""t = 0, it is necessary to set the
arbitrary constant Bs to zero. When the tax reform is announced for time 7, new infor-
mation arrives at time 0 so that agents modify their decisions. Hence, two periods have
to be considered, namely a first period (i.e. a pre-implementation period) over which the
tax reform is expected, and a second period (i.e. an implementation period) once the tax
reform is in effect. While the small country adjusts along a stable path once the tax cut

is implemented, i. e. B must be set to zero, the economy follows unstable paths over the

pre-implementation period. These are described by egs. (12).

Substituting eq. (10) and eq. (8) into eq. (3), we obtain the dynamic equation for the
current account (denoted by CA = B):

B=rB+Y"(K,L,P)-CT (\,P,7%) - GT, (13)

where L = L (5\, p,rF, TH) and the second term on the RHS, i.e. YT —CT—GT, corresponds
to net exports. Eq. (13) states that the current account is equal to the balance of trade
denoted by NX = YT — CT — GT plus interest receipts on outstanding assets. Linearizing
(13) around the steady-state and substituting (12), the general solution for the stock of

foreign assets is given by:??
B(t) = B+ [(Bo - B) — & 1B — DBy | €t + &1 Bt + Dy Byt (14)

When implementation of the tax reform is announced at time 7, we must take into account
that the open economy accumulates (or decumulates) assets (i.e. domestic capital and
foreign bonds) over the pre-implementation period. The time path for net foreign assets

is described by eq. (14) during this unstable period. As stocks of assets are modified over

20 1T 5 kN then & = —P < 0 and &y — 715{1 n gfl [acé — oL LET (1 + 5@]\} } with 0 < A =

(I_TH) N T ~
ma.nk >k ,thentbl:_p{l
w

};i {UcéN — ULijﬂ (v2 + 0K) } and &5 =
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period 1 (i.e. (0,7)), we have to take new initial conditions (i.e. By and K7) into account

when the tax reform is in effect.2?

2.6 Steady-State

We now briefly describe the steady-state. Setting P = 0 into eq. (5d), we obtain equality

between the rate of return on domestic capital income and the exogenous world interest

e [ ()]
1
This equality states that the steady-state value of the relative price of non-tradables, P,

rate, i.e.

— g =1~ (15)

remains unaffected by a tax reform (as long as u is fixed).

o[k (P)]” !

T Substitut-

The steady-state level of P determines the wage rate W =
ing the wage rate into the labor supply decision evaluated at the steady-state, we get
L= {% [W — <W — H) TH} }UL. A labor tax cut exerts two opposite effects on L. By
producing a positive wealth effect (i.e. a fall in \), agents are induced to supply less labor

while the increased after-tax wage counteracts this influence.

Setting K = 0 into eq. (10), the market-clearing condition for the non-traded good is
given by:
>:CN(>\,15)+f+GN, (16)
where I = 6 K.

Setting B = 0 into eq. (13) leads to the market-clearing condition for the traded good:
*B=NX=YT (K I 15) _ T (X, 15) —ar. (17)

where NX represents steady-state net exports.
The steady-state stock of foreign bonds B is related to the stock of physical capital
through the nation’s intertemporal budget constraint which must be imposed for the country

to remain ultimately solvent:?*
B— By =, (f(—KO). (18)

where ®1 < 0 describes the effect of capital accumulation on the external asset position

and K and By are the initial conditions.?®

ZFollowing an unexpected tax reform, the economy moves along a stable path; hence, the trajectory for
B(t) is obtained by invoking the transversality condition lim; .o AB(t)e™" ¢ = 0 which implies that the

constant Bs must be set to zero.
21SQubstituting first the short-run solutions, then linearizing the dynamic equation of the internationally

traded bonds (13) in the neighborhood of the steady-state, substituting the solutions for K(t) and P(t) and
finally invoking the transversality condition, we obtain the linearized version of the nation’s intertemporal

budget constraint (18).
25Gince for all parameterizations, ®; is always negative, we assume ®; < 0 from now on. Hence, capital

accumulation deteriorates the current account along the transitional path.
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Before analyzing in detail the effects of a tax reform, we think it would be convenient to
build intuition by discussing the long-run effects of a labor tax cut, keeping A unchanged.
The consequent rise in the wage rate stimulates labor supply which triggers an excess
supply or excess demand in the non-traded good market depending on whether k7 > &V or
EN > ET. In either case, the stock of capital must rise to clear the non-traded good market
(see eq. (16)). As the open country finances capital accumulation by running current
account deficits, the economy decumulates foreign bonds (see eq. (18)) and thereby must

run a trade balance surplus in the long run (see eq. (17)).

3 Effects of Unexpected Tax Reforms

In this section, we explore analytically the macroeconomic effects of an unexpected tax
reform, emphasizing how a labor tax cut modifies the sectoral composition of GDP and
its distribution between labor and capital.? Below, we discuss alternatively the case of
a traded sector that is more capital intensive than the non-traded sector and the case
of a traded sector that is relatively less capital intensive. While we are able to derive
impact and steady-state effects in both cases, we present analytical results only in the case
kT > kN since the case kY > kT leads to uninteresting complications. When discussing the
distribution effects, we will provide analytical results in both cases, i.e. k7 = k", since the

direction of the change in the labor share relies heavily on sectoral capital intensities.

3.1 Revenue-Neutral Tax Reforms

We analyze first the long-run effects of two revenue-neutral tax reforms. To avoid confusion,
we denote by the superscript ‘j’c the effects of a fall in the labor tax by d7/ < 0 (j = F, H)
coordinated with a rise in the consumption tax rate by ch}j " which is endogenously
determined so that the government budget constraint is met. Differentiating (8) gives the

change in the consumption tax:

L0 _ rJ AJWAID{l—UL ( ) { ( W;/VA)}}%J.>O’ (19)

C ~ —
r PoC (14 7C ){ g[ (%)”
where we denote by a hat the percentage deviation from initial steady-state and we set
F— _ o WFL F_ (=W H_q_ & 27
0<é= il <1 0<A == < Land 0 < AY =1 55 < 127 The

numerator of the RHS term of eq. (19) reflects the effect of a labor tax cut on tax revenue
while the denominator corresponds to the effect of a rise in the consumption tax. The first
term on the RHS simply reflects the relative size of the tax bases while the second term

shows the change in tax bases. On the one hand, a labor (consumption) tax cut (rise) lowers

26In deriving formal solutions, without loss of generality, we assume that the rate of depreciation of

physical capital is zero. In the numerical analysis, we relax this assumption.

2"Note that 77 S;F and 77 = %
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(increases) public revenue, keeping consumption and employment unchanged. On the other
hand, a labor (consumption) tax cut (rise) raises (lowers) employment and consumption,
and thereby increases (decreases) tax revenues. While analytically, the net overall effect
is ambiguous, for reasonable values of o7, and oo and the tax rates, we find numerically
that IV > 0 and T'¢ > 0. Hence, following a labor tax cut (i.e. 77 < 0), consumption must

increase to balance the budget.
Steady-State Effects

To analyze the long-run adjustment of macroeconomics aggregates, it is convenient to
assume kT > ENV.28 A tax reform involving a labor tax cut raises after-tax labor income
and thereby produces a positive wealth effect. The change in the marginal utility of wealth

after a tax reform is given by:?’
AP = énizd - (1-€) 29 <0, j=FH. (20)

where 77 < 0, %C|j’c >0,0< A <1, and 0 < £ < 1. As shown by the term on the RHS
of eq. (20), both a labor tax cut and a rise in the consumption tax lowers A as agents raise
labor supply and cut consumption which raises private wealth in both cases. Hence, Eq.
(20) implies that the shadow value of wealth falls more after a revenue-neutral tax reform

than following a labor tax cut financed by a decline in lump-sum transfer.

Assuming that the stock of financial wealth plus transfers is positive, the labor tax base

is smaller than the consumption tax base.?Y Hence, 7€

must increase by less than the drop in
labor tax to balance the budget. As a result, denoting by X the macroeconomic aggregates
C,L,K,NX, the long-term effect of a tax reform is simply a scaled-down version of the
long-term change in the aggregate X after a labor tax cut financed by a fall in lump-sum

transfer (denoted by %%j ). Formally, we have:

~

2 X
XY =@iCl i 50, j=F H, 21
j
TJ

j,C _ PcC _ WAL
where 0 < &7 = 5 [1 Pcé(1+TC)j| < 1.

The change in labor supply is central to the propagation mechanism. As the wealth
effect is smaller than the positive influence of the increased after-tax wage on hours worked,

a shift of the tax burden from labor to consumption induces agents to supply more labor:

ﬂw:_@gmmo_®ﬂ>g j=F H. (22)

28 As will become clear when discussing numerical results, long-run effects are similar both qualitatively
and quantitatively whether k7 > k™ or &Y > k7.

29The change in the marginal utility of wealth after a revenue-neutral tax reform is: dX’j C = %dﬂ +
%ch ’j’c. Substituting the steady-state change after a labor tax change, i.e. O\/077, and the steady-state

change after a consumption tax change, i.e. dX/97C, gives eq. (20).
39Denoting by A = B+ PK the stock of financial wealth, at the steady-state, we have: r* A+ Z + WAL =

Pc (1 + TC) C. Aslong as r* A+ Z > 0, the consumption tax base is larger than the labor tax base.
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where 77 < 0, 0 < ¢ < 1. By inducing an excess supply in the non-traded good market,

higher labor supply triggers long-run capital accumulation (see eq. (16)):

o : L . ~ - . .
dK ¢ = @”’CUVLAJ (1 - 5) [ackNu2 —(1—ac)kTv |77 >0, j=FH. (23)
1

The accumulation of inputs raises GDP. Noting first that ¥ = Y7 + (]5/ ,u) YN, and

differentiating gives:

VIPC = (1=B) KO+ B >0, j=FH, (24)
where (1 — BL> = Pr*K/Y and Br = WF L)Y are the shares of capital and labor income in
output, respectively. Two factors influence the extent of the steady-state increase in GDP.
The higher the elasticity of labor supply o, the more agents supply labor and accumulate
physical capital, and the larger the increase in Y. Further, the more progressive the tax
scheme is (i.e. the higher the x) the smaller the increase in the wage rate (as A is lower)
and thereby the lower the labor and output rise in the long run.

Finally, while the consumption tax must increase to balance the government budget,
7¢ must rise less than the labor tax cut as the consumption tax base is larger than the
labor tax base. As a result, the positive wealth effect is large enough to raise steady-state
consumption.

Impact Effects

How does the two-sector open economy react to a tax reform in the short run? In the
case of kT > kN, the dynamics for the relative price of non-tradables degenerate. Hence,
consumption and labor immediately jump to their new steady-state levels. Regarding in-
vestment, I must clear the non-traded good market (10). Differentiating w.r.t. time the
stable solution for capital, evaluating at time ¢ = 0, the initial response of investment is

given by:
I(O)‘j’c = )¢ {Ajé (UcéN — VlaLINJ;:T) + 1/10L[~J;:T} 720, j=F,H, (25)

where 77 < 0. The first term in brackets on the RHS of eq. (25) represents the wealth
effect which exerts a negative impact on investment by inducing agents to consume more
and to supply less labor. The second term in brackets corresponds to the tax cut effect
which stimulates capital accumulation by raising hours worked. While the response of I is
ambiguous, as shown by eq. (25), the open economy accumulates capital in the long run.

As a consequence, investment must increase on impact. The same logic applies if & > k7.

The investment boom deteriorates the current account as savings remain unchanged:
CA(O)"" = —P1(0)]"“ <0, j=FH, (26)

where CA(0) = B(0) and ®; < 0, and we used the fact that B(0) = Bo. If kN > kT, the
current account deteriorates further for a given increase in investment since savings fall as

a result of the depreciation in P which lowers the consumption-based real interest rate.
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3.2 A Labor Tax Reform

As commonly analyzed in the literature considering the macroeconomic effects of a tax
reform, we have investigated revenue-neutral tax reforms. We now consider that the policy
maker wishes to alter the composition of the marginal tax wedge, but without changing
its level. We denote by the superscript }FH the effects of a tax reform which involves
simultaneously cutting the employer’s part of labor tax and increasing the progressive wage
tax d7f1 > 0 so as to leave the marginal tax wedge unchanged (i.e. d7™ =0, see (9)). A

restructuring of labor tax requires a rise in the wage tax by an amount given by:

FH 1—7H

drft _f1+TFdTF>O. (27)

According to (27), the progressive wage tax must be increased by a smaller amount than
the fall in 77 to keep the marginal tax wedge unchanged. Intuitively, since the tax rate on
a relatively large base is reduced and the tax rate on a relatively small base is increased,
the latter must rise by a smaller proportion than the former decreases so as to leave 7™

unchanged.

The steady-state change of X = C, L, K, NX following a cut in 7, coordinated with a

rise in 79 by an amount given by (27), reads:

X
= o —2F >0, (28)
T

where 71 < 0, 0 < &1 = H/W < 1. Setting x to zero implies that such a tax reform
will produce no effects after a cut in payroll taxes. Rather, as long as the labor tax
scheme is progressive, i.e. k > 0, the labor tax reform leaving the tax wedge constant
produces an expansionary effect on the macroeconomic aggregates X = C, L, K, NX. As for
revenue-neutral tax reforms, the steady-state changes in X = C, L, K, NX are scaled-down
versions of their long-term changes following a labor tax cut financed by a fall in lump-sum
transfer. The scaled-down term is equal to x/ W and thereby depends on the degree of
progressiveness of the tax scheme. The stronger the progressiveness of the tax scheme, the
larger the increase in the after-tax wage rate and thereby the greater the beneficial effects
on employment and overall economic activity. The impact effects which are similar to that

described for revenue-neutral strategies are not discussed further.

3.3 Sectoral and Distribution Effects

We now investigate in detail the sectoral and distribution effects of a tax reform. Since the
three tax reforms we have considered above produce (qualitatively) similar long-run and
short-run effects, we denote from now on by "j ¥ the effects of a fall in the labor tax dri < 0
(j = F, H) financed by a rise in 7% (k = C, H).

Steady-State Effects
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A convenient way to find the direction of steady-state changes of sectoral outputs is to
use the market clearing condition for the non-traded and the traded good. Differentiating
the market clearing conditions for both goods gives:

idfﬂ\’\j”“ = ACNPF 1 alt > o, (29a)

VTP = AN 4 adT Pt > 0. (29b)

Because agents consume more and investment increases while the balance of trade improves
in the long run, both non-traded and traded outputs expand. Interestingly, sectoral outputs
are correlated in the long run as a result of the positive link between investment and the
balance of trade: the greater the investment boom, the larger the accumulated debt and
the more net exports must increase in the long run. Hence, both YV and Y7 rise by a

larger amount.?!

According to the Euler Theorem, GDP is split between capital and labor returns so
that the steady-state labor share denoted by By, is:32
- WFL @
L= ==
WEL+RESK O+k

(30)

where RK = Pr* (since we set 0 = 0 for the purposes of clarity); we denoted by w =
wk / RE the wage-interest ratio and by k=K / L the capital-labor ratio. As long as the
relative price of non-tradables P is unaffected by the tax shock, the wage-interest ratio @
remains unchanged. Hence, the labor share movement is driven only by the capital-labor
ratio.

Impact Effects

How do sectoral outputs react to a tax restructuring on impact? In the case k7 > k¥,
the relative price of non-tradables remains unchanged on impact. Because capital stock is
initially predetermined, applying the Rybczynski theorem implies that non-traded output
rises whereas traded output falls. With the reversal of capital intensities, i.e. if &’V > k7, the
relative price of non-tradables appreciates. As a result, non-traded output always expands,

though increased labor moderates the rise in YV,

To analyze the distribution effects of a tax reform in the short run, we first linearize

F
O = W in the neighborhood of the steady-state, evaluate at time ¢ = 0, and

31Note that a similar conclusion is reached by Mendoza and Tesar [1998] who find that trade in world
financial markets amplifies the rise in GDP after a tax reform as the open economy must service the debt

accumulated during the transition by running a trade balance surplus in the long run.
32Note that in a one-sector model with perfectly competitive markets and linearly homogenous production

function, the share of labor income in GDP is constant. Under the same assumptions, the aggregate labor
share can be defined as a sectoral value added-weighted sum of the traded and non-traded labor shares.

Because the share of sectoral output in GDP may vary, the aggregate labor share is no longer fixed.
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differentiate:

dgL )" = A (1 - BL) LPC >0, K >EY, (31a)

ABLO)* = By (1 - BL) P+ 6K <0, kY > AT (31b)
where © = {ungf_m [1 + oA (1 — BL)} w%} < 0. As shown by eq. (31a), a labor
tax cut unambiguously raises the labor share 3y, on impact if k7 > kV as the capital-labor
ratio increases while the relative price P remains unaffected (so that W /R¥ is unchanged).
By contrast, if kN > k7', the relative price of non-tradables appreciates on impact which in
turn lowers the wage-interest ratio. In this case, the direction of the labor share movement

is ambiguous, as shown in eq. (31b).

4 Effects of Anticipated Tax Reforms

Until now, we have considered a permanent tax reform by assuming that the tax cut was
unexpected. As emphasized by Yang [2005], fiscal policy changes are ordinarily preceded
by lengthy debate, and thereby agents often anticipate a planned change several quarters
before its realization. Importantly, Mertens and Ravn [2009] and Favero and Giavazzi
[2011] find evidence that tax cuts anticipated 7 periods before their implementation lead
to declines in economic activity during the pre-implementation period. In this section,
we investigate analytically the effects of anticipated tax reforms (denoted by the subscript
“fut”) and assume that at time ¢ = 0, the government announces credibly a future per-
manent tax reform for time 7. Since the three tax reforms considered above give similar

results (qualitatively), we restrict ourselves to the analysis of a tax reform involving a cut

c\FC
e At

time 7, there is no new information and thereby no jump in the marginal utility of wealth

in payroll taxes by dr¥" < 0 at time 7 and a rise in the consumption tax by dr

at this date. The higher 7, the further the implementation of the tax reform.?® For reasons

of space, we assume that k7 > k~. However, where necessary, we discuss briefly the case

of kN > kT.

4.1 Steady-State Effects

We investigate the long-run effects of an pre-announced labor tax cut. We discuss the
propagation mechanism by providing analytical expressions of steady-state effects on key

economic variables, assuming that &7 > kN .34

33To derive formal solutions after an anticipated future permanent tax cut, we applied the procedure

developed by Schubert and Turnovsky [2002].
34Unfortunately, in contrast to an unanticipated tax reform, both long-run and short-run changes of

macroeconomic aggregates cannot be expressed as scaled-down versions of changes after a labor tax cut

associated with a drop in lump-sum transfer. Hence, the scaled-down term ®7'* vanishes.
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A permanent tax reform, which is expected to occur in the future, induces an equilibrium
change of the marginal utility of wealth that is smaller than would occur after an unexpected

permanent fall in the labor tax:

Np = [EaF#7 = (1-€) 29| | e T <, (32)

where 7¢ ‘ ?uf > 0 represents the change in the consumption tax for a given anticipated labor
tax cut so as to balance the government budget. As will become clearer when discussing
the numerical results, the change in the consumption tax is roughly similar whether the
tax reform is anticipated or not. Hence, according to (32), the fall in ) is smaller after an
anticipated tax reform than after an unexpected tax cut, because expected higher income
is discounted by e~""7. Hence, the farther the decrease in labor tax is expected to occur,

the smaller the decline in \.

In the same way as after an unanticipated tax reform, hours worked increase in the long

run since 7¢ must increase by a smaller amount than the labor tax cut. Formally, we have:
2\ F.C e N A\ 7.0 FC
Ll = oA (1= &) #F =0y (1-€) e 77 00 > 0. (33)

The wealth effect is reflected in the two terms including the scaled-down factor e " 7.

Because the wealth effect is smaller, agents are induced to supply more labor in the long

run whenever the tax cut is anticipated.

A~

Following an anticipated labor tax cut (i.e. 71" < 0), the long-run change of capital
stock is the result of a wealth effect and tax changes:

(aCéN _ aLzz;Tyl) )

~N
2 FC ~=m ocC*
A‘fut - ULLkTTF _ Y C

dK] ) = - s >0, (30)

4! 41

where j\}?uf < 0 is given by (32), 7“'0};5 > 0. The decline in the labor tax (second term)
and the rise in the consumption tax (third term) exert a positive influence on K by raising
labor supply and reducing consumption, respectively. As reflected by the first term on the
RHS of eq. (34), the wealth effect exerts a negative impact on K by stimulating C' and
lowering L. Since the wealth effect is smaller after an anticipated tax reform, the capital
stock increases by a larger amount than if the tax reform was unanticipated.

Using the same procedure as in section 3.1, we find analytically that GDP unambigu-

ously increases in the long run:

S\ FC > ~\FC | 5 FIFC

v = (1 . ﬂL) K[7C + L[5S > 0. (35)
Since agents supply more labor and accumulate more capital when the labor tax cut is
anticipated, GDP rises by a larger amount if the tax reform is anticipated. The farther
the tax reform is implemented (i.e. the higher 7), the larger the increase in steady-state

output Y.
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4.2 Impact Effects

We now investigate the impact effects of an anticipated permanent tax reform. We are able
to present analytical expressions only if k7 > k~. At the end of this subsection, we discuss
the impact effects when kY > k7. Since agents are forward-looking, they know that the
present value of disposable income and therefore of wealth is increased at time 0, while the
labor tax cut is implemented only at time 7. The positive wealth effect induces agents
to supply less labor on impact. This behavior modifies the impact effects considerably
compared to those after an unanticipated tax reform.

Case kT > kN

Because the labor tax cut will only be in effect at time 7, the positive wealth effect

produces a fall in investment at time ¢t = 0:

1(0) f:uf = (crcC’N — aLil%Tul) [EAF - (1 - 5) e T7C \?ﬂ e T <0, (36)

where 77 < 0. The reason is that agents supply less labor and consume more which reduces
non-traded output (due to the Rybczynski theorem) and raises C*V. Hence, investment

unambiguously declines initially.

The initial response of the current account is ambiguous and is given by:

F.C e N = CIFC\  _p*
CAOf; = (oW LF" — ooPeCO g ) 7
5 ~ - FAF 2\ AAC|IFCT
P <UCCN - aLLk:TI/1> [gAFTF - (1 - g) C#| fut} T 20, (37)
where we used the fact that &, = —P. The labor tax cut and the rise in the consumption

tax have the same effect on the current account. As reflected by the first term on the
RHS of eq. (37), as agents expect they will be richer in the future, they immediately raise
consumption and lower labor. This smoothing behavior reduces savings and thereby the
current account. The second term on the RHS of eq. (37) represents the fall in investment
which exerts a positive influence on the current account.

Case kN > kT

We now assume that the non-traded sector is more capital intensive than the traded
sector. We are unable to provide useful analytical expressions but we can deduce several
important results which will be highlighted when discussing the numerical results. In the
interests of space, we restrict our attention to the major changes.

When the government pre-announces that a tax reform will be implemented in the
future, agents perfectly understand that their wealth will be higher. Hence, they are induced
to consume more and to supply less labor at time ¢t = 0. Since kY > k7, for a given P,
non-traded output now expands on impact as labor shifts towards the more capital intensive
sector. At the same time, CV increases more than after an unanticipated tax reform, as

the consumption tax rate remains unchanged until time 7. Depending on whether or not
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the rise in non-traded output exceeds the increase in consumption in non-tradables CV, the
relative price of tradables depreciates or appreciates. If P depreciates sufficiently on impact,
investment is crowded out. Two parameters play a key role in driving the investment
response: the anticipation horizon captured by 7 and the elasticity of labor supply or.
The larger the anticipation horizon (i.e. the higher 7°), the smaller the wealth effect, the
less YV rises, and thereby the more likely investment is crowded out on impact. The more
responsive the labor supply, the larger the increase in non-traded output (for given P),
the stronger the depreciation in the relative price of non-tradables and thereby the more
likely investment is crowded out. Finally, because traded output falls while C” increases,
net exports unambiguously decline so that the open economy experiences a current account

deficit.

4.3 Sectoral and Distribution Effects

We now discuss the effects of a tax reform pre-announced by the government on sectoral out-
puts and the labor share. Since long-run effects are qualitatively similar to those prevailing
after an unexpected tax reform, we concentrate on the impact effects.

Sectoral Output Responses

When the tax reform is anticipated, the adjustment of sectoral outputs now relies heavily
upon sectoral capital intensities. If k7 > kv, applying the Rybczynski theorem, as total
hours worked decrease, the output of the sector which is more labor intensive falls (i.e.
Y™), while the output of the sector which is more capital intensive rises (i.e. Y7T). If
EN > kT, as labor shifts towards the more capital intensive sector, YV should expand
whereas Y7 should decline. Yet, the relative price of non-tradables also influences the
sectoral effects. As stressed previously, the relative price of non-tradables may depreciate
rather than appreciate on impact which in turn counteracts the Rybczynski effect. The
larger the elasticity of labor supply, the more likely the relative price P depreciates and

thereby non-traded output declines.
Labor Share Response

If k¥ > kY, since the capital-labor ratio unambiguously increases while the ratio
W¥/RX remains unchanged, the labor share now falls rather than increases. With the
reversal of capital intensities, the labor share also decreases as a result of the drop in the

capital-labor ratio, though the fall in G7, can be moderated due to the depreciation in P.
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5 Quantitative Analysis

In this section, we analyze the effects of tax reforms quantitatively. For this purpose we
solve the model numerically.?® Therefore, first we discuss parameter values before turning

to the long-term and short-term consequences of tax reforms.

5.1 Benchmark Parametrization

We start by describing the calibration of consumption-side parameters that we use as a
baseline. The world interest rate which is equal to the subjective time discount rate [ is
set to 1%. One period of time corresponds to a quarter. The elasticity of substitution
between traded and non-traded goods ¢ is set to 1.5 (see e.g. Cashin and Mc¢ Dermott
[2003]). An additional critical parameter is ¢ which is set to 0.45 in the baseline calibration
to target a non-tradable content in total consumption expenditure (i.e. a¢) of 48%, in line
with our estimates.?® The intertemporal elasticity of substitution for consumption o¢ is set
to 0.5 because empirical evidence overwhelmingly suggest values smaller than one.?” One
critical parameter is the intertemporal elasticity of substitution for labor supply or. In our
baseline parametrization, we set or, = 0.5, in line with evidence reported by Domeij and
Flodén [2006].

We now describe the calibration of production-side parameters. We assume that physical
capital depreciates at a rate dx = 1.5% to target an investment-GDP ratio of 20%. The
shares of sectoral capital income in output take two different values depending on whether
the traded sector is more or less capital intensive than the non-traded sector. In line with
our estimates, if k7 > kv, 87 and 0V are set to 0.38 and 0.3, respectively.3® Alternatively,
when kv > kT, we choose 7 = 0.30 and #V = 0.38. When the markup is fixed, we set e
to 3.8 which yields a markup of 1.36, which is close to our estimates (see Table 3). When
the markup is endogenous, keeping € fixed, we set the elasticity of substitution between

sectoral goods w to 1 so that the markup is 1.36.

We set GV and G7 so as to yield a non-tradable share of government spending of 90%,

and government spending as a share of GDP of 20%.%° To set 7¢, 7" and 7, we estimated

35Technically, the assumption 8 = r* requires the joint determination of the transition and the steady-

state.
36Table 3 shows the non-tradable content of GDP components for fourteen OECD countries.
3TNote that consumption expenditure is 60% of GDP for our baseline calibration.
38 Table 3 gives the values of 7 (j = T, N) for fourteen OECD countries. The values of 7 and 6~ we have

chosen correspond roughly to the averages for countries with k7 > k™. For these values, the non-tradable
content of GDP and labor are 67% and 70%, respectively. When kY > kT, we can use reverse but symmetric
values for 0% so that the difference between sectoral capital-labor ratios k7 — k™ remains unchanged. For

67 = 0.3 and 6" = 0.38, the non-tradable content of GDP and labor are 73% and 70%, respectively.
39Close to the average of the values reported in Table 3, the ratios GT /YT and GV /Y are 6% and 20%

in the baseline calibration. The share of government spending in non-traded output is a bit small since we

consider that the whole investment is non-traded.
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the effective tax rates for fourteen OECD countries over the period from 1990 to 2004 (see

C I3

Appendix A.2). Consumption tax 7% is set to 14%, the employer’s part of labor taxes T
to 17% and the wage tax 7 to 33%. Tax allowances captured by & are set to 0.4 to obtain

a share of taxable income in the gross wage earnings (W — k)/W of 0.8 (see Table 3).

In evaluating the effects of a tax reform quantitatively, we consider a labor tax cut
which lowers the tax receipts by 1 percent of GDP. We differentiate between k7 > kY and
EN > ET. If kT > kN, we consider two revenue-neutral tax reforms and a restructuring of
tax keeping the marginal tax wedge is explored.** When kY > kT, we consider only one
revenue-neutral tax reform shifting the tax burden from payroll taxes to consumption taxes

for reasons of space.*! For kT > kY and kY > kT, considering a tax reform involving a

F C

fall in 7% coordinated with a rise in 7%, we also conduct a sensitivity analysis with respect
to the elasticity of labor supply (i.e. we set o7, to 0.2 and 1) and explore the role of the

competition channel by allowing for the markup to be endogenous.

When investigating numerically the effects of an anticipated tax reform, we choose an
implementation lag of six quarters but also experiment with a longer implementation lag
of ten quarters.*? For either k7 > k" or k% > kT, we consider a tax reform involving a fall

F coordinated with a rise in 7¢. We also conduct a sensitivity analysis with respect to

inT7T
the elasticity of labor supply and the degree of openness (i.e. we set ¢ = 0.8), and we allow
for the markup to be endogenous. We discuss below the effects with fixed markup while we

investigate the role of endogenous markups in section 6.

5.2 Long-Run Aggregate Effects

In panel A of Table 1 we report the numerical results of an unexpected tax reform. Quan-
titatively, the long-run effects are small and are not sensitive to sectoral capital intensities.
In the baseline scenario, agents raise consumption by 0.1% of GDP as a result of the pos-
itive wealth effect. The increase in the after-tax wage raises steady-state labor by 0.15%.
The resulting change in non-traded output stimulates capital accumulation; K increases by
0.15%. As shown in the fourth line of Panel A, GDP rises in all scenarios, as a result of the
accumulation of inputs. As expected, the elasticity of labor supply plays a substantial role
in determining the size of the effects. Raising o7, from 0.2 to 1 raises GDP growth from
0.08% to 0.22%.

When comparing the size of the effects of tax reforms, a first conclusion that emerges
from the numerical results reported in Panel A of Table 1 is that the tax structure, and

thereby the type of tax reform, matter. We find that a shift from payroll taxes to consump-

4OWhen considering a revenue-neutral tax reform shifting payroll (wage) taxes to consumption taxes, TF

(r™) must decrease by about 1.7 (2.2) percentage points to lower the tax receipts by 1 percent of GDP.
“1Results for alternative tax reforms when k™ > k7 are available from the authors.
42Mertens and Ravn [2009] find a median for the implementation lag of tax changes of six quarters amongst

tax shocks categorized as anticipated but stress that there is some variation in the anticipation lags.
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tion taxes produces an increase in GDP which is about half-way between the large effects
after a shift from progressive wage taxes to consumption taxes and the much smaller effects
following a shift from payroll taxes to progressive wage taxes. Shifting the tax burden from

progressive wage taxes to consumption taxes produces the largest effects.*> The reason is
that the after-tax labor income increases by an amount given by W — & after a fall in 7/

1—rH
1478

which exceeds its rise given by W after a drop in 7. A reform keeping the marginal
tax wedge constant produces the smallest effects on L, K and thereby on GDP. The reason
is that tax progressiveness is not large enough to raise substantially the after-tax wage

which results in a small increase in labor supply.*4

It is worthwhile noticing that the rise in the consumption tax 7¢ given in Panel B of
Table 1, which is adjusted accordingly to balance the government budget, varies substan-

tially, ranging from 0.8% if labor supply is highly elastic (i.e. o, is set to 1) to 1.5% if the

H F

progressive wage tax 7" is cut rather than the payroll tax 7.

Panel A of Table 2 gives the numerical results for the long-run effects of an anticipated
tax reform shifting the tax burden from payroll to consumption taxes. When announced
six quarters in advance, the tax reform produces larger affects than if the tax reform was
unexpected by agents. For example, in the baseline scenario, output growth increases from
0.15% to about 0.20%. The explanation is that when the labor tax cut is anticipated,
the increased after-tax labor income is expressed in present discounted value terms so that
the wealth effect is smaller. As a result, agents are induced to supply more labor which
boosts further capital accumulation and thereby GDP. Since the wealth effect is lower,

consumption increases less than after an unexpected tax reform.

5.3 Long-Run Sectoral and Distribution Effects

When exploring the sectoral effects, in line with our theoretical predictions, numerical
results show that both traded and non-traded output expand in the long-run, whether or
not the tax reform is announced, and regardless of sectoral capital intensities. Moreover,
sectoral outputs are positively correlated. For example, as shown in the two last lines
of Panel A of Table 1, raising o7 from 0.2 to 1 amplifies traded and non-traded output
growth from 0.04% to 0.10% and from 0.04% and 0.11% of initial GDP, respectively, if
ET > EN. The explanation is as follows. When agents supply more labor, the open

economy accumulates more capital which in turns deteriorates further the current account

43The steady-state change of X = C, L, K, NX after a change in progressive wage taxes can be related

to the steady-state change of X following a drop in payroll taxes as follows: TAH = %TLF where AT and
A are terms which depend on tax rates, tax allowances and the wage rate. If A¥ > AT then a cut in 77
produces larger effects on L and K by raising further the after-tax wage rate.

1—7H

#Following a tax reform keeping the marginal tax wedge constant, the after-tax wage increases by W T

as 77 is decreased while the rise in 77 lowers the after-tax wage by (W — /s) 11;:? The lower k is, the

smaller the effects of the tax reform keeping 7* constant.
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in the short run. Hence, the open economy must run a larger trade balance surplus in
the long run. The larger investment boom requires Y to increase more while Y7 must

increase further to produce a higher surplus in the balance of trade.

Interestingly, when the tax cut is anticipated, as shown in Panel A of Table 2, traded
output growth always exceeds non-traded output growth. The reason is that if the labor
tax cut is anticipated rather than being unexpected, agents accumulate more capital and
thereby decumulate further foreign assets. As a consequence, net exports and thereby Y7

must increase by a larger amount, and more so as trade openness is raised.

Regarding the distribution effects, since the relative price of non-tradables remains
unchanged in the long run and because the capital-labor ratio (i.e. K /L) remains almost

constant, the labor share is unaffected in the long run across all scenarios.*

5.4 Impact Effects

We now turn to the impact effects of a tax reform, contrasting the consequences after an
unanticipated labor tax cut with those following an anticipated tax cut. We take a change
of tax structure involving a shift from a payroll tax to consumption tax as our baseline
scenario. Panel C of Tables 1 and 2 shows the impact effects for this situation, as well as

for a number of alternative scenarios.

Before analyzing in detail the role of sectoral reallocation and anticipation in shaping the
short-run dynamics in response to a labor tax cut, we should mention the set of empirical
evidence established by Mertens and Ravn [2009]. The authors compare the effects of a
tax cut depending on whether the tax change is anticipated or not. It is found that an
exogenous unexpected labor tax cut raises output, worked hours, and investment. When
the tax change is announced, output, hours worked, and investment decline during the pre-
implementation period and expand only when the tax cut is implemented. Furthermore,
the real wage increases whether the tax cut is anticipated or not. Since we consider a fall
in labor tax, we find it interesting to compare (qualitatively) the predictions of our model
for the behavior of these variables when k&7 > k" and when kY > k7. One major result
that emerges from this analysis is that the predictions of our two-sector model are broadly
in line with the evidence.

To begin with, note that with a fixed markup, the dynamics for the relative price of
non-tradables degenerate if k7 > k. Hence, consumption and labor adjust instantaneously
to their new steady-state values. Regardless of sectoral capital intensities, when the tax
reform is unanticipated, hours worked and thereby GDP increase by 0.15% and 0.10%,

respectively, as shown in the fourth and seventh lines of Panel C of Table 1, due to the

45Gince steady-state changes of 3z, are almost zero in all cases, we did not report the numerical results to

economize sSpace.
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rise in the after-tax wage. By contrast, when the tax cut is anticipated, hours worked and
aggregate output decline sharply on impact by 0.5% and 0.3% respectively, as the positive

wealth effect provides an incentive to raise consumption and lower labor supply.

In the model, the initial reaction of investment depends on whether the labor tax cut is
anticipated or not. In the former case, the response of investment is ambiguous if kY > k7.
On impact, an unexpected labor tax cut boosts investment by attracting resources towards
the non-traded sector, regardless of sectoral capital intensities. As shown in the fifth line of
Table 1, investment increases by about 0.4% of initial GDP in the baseline scenario. When
the tax cut is anticipated, investment is crowded out, for either k7 > k% or kN > kT,
though under certain circumstances. If k7 > kN, the fall in labor supply lowers the output
of the sector which is more labor intensive, i.e. Y. Hence investment declines sharply by
1.7% of initial GDP, as displayed in the fifth line of Panel C of Table 2. If kY > kT, in
line with the model’s predictions, the response of investment relies heavily on the elasticity
of labor supply and the anticipation horizon. When labor supply is responsive enough
(i.e. or is set to 1), investment declines by 0.3% of initial GDP, as the depreciation in the
relative price of non-tradables is large enough to drive down non-traded output. When the
anticipation horizon 7 is raised from six to ten, investment declines further from 0.03% to

about 0.5% of initial GDP.

The response of the current account is shown in the sixth line of panel C of Tables 1
and 2. We obtain a decline of the current account when the tax reform is unanticipated,
regardless of sectoral capital intensities, as a result of the investment boom. Moreover,
savings fall if & > k7. When the tax cut is anticipated, the open economy experiences a
current account surplus if k7 > kv and a deficit if sectoral capital intensities are reversed.
In both cases, agents dissave as the positive wealth effect provides an incentive to consume
more. However, in the former case, the fall in investment is larger which results in a current

account surplus by 1.1% of initial GDP.

In the model, the real wage W is equal to the ratio of the marginal product of labor to
T
(1=07)(k7)’

A (see eq. (6b)) with k7 = kT (P)

the employer’s part of labor taxes, i.e. W =
(as long as the markup is fixed). Hence, the real wage increases only if the employer’s
part of labor taxes 77 is lowered and/or sectoral capital intensities increase (which raise
the marginal product of labor). The initial reaction of the real wage is shown in the third
line of Panel C of Tables 1 and 2. Regardless of sectoral capital intensities, the real wage
increases by about 1.5% in all scenarios, except after a shift from progressive wage taxes
to consumption taxes. In the latter case, only the after-tax wage rises. When the shock
is anticipated, the real wage remains unaffected if k7 > k% since the dynamics for the

relative price P degenerate and hence the sectoral capital-labor ratios remain unchanged.

In contrast, if &V > kT, as the relative price of non-tradables depreciates on impact,
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the Stolper-Samuelson effect produces an increase in the real wage, ranging from 0.03% if

or, = 0.2 to 0.25% if o, = 1.

5.5 Transitional Adjustment

We now investigate the dynamic effects of a tax reform. The transitional paths of key
variables under the baseline scenario are displayed in Figure 2. We consider a revenue-
neutral tax reform shifting the tax burden from labor (i.e. payroll taxes) to consumption.
The responses of GDP, investment and current account are expressed as a percentage of
the initial steady-state output, while labor and the relative price of non tradables (i.e. P)
are given as the percentage deviation from the initial steady state. Horizontal axes measure
quarters. We also compare the baseline scenario (solid line) to alternative scenarios. The
dashed line shows the results for an endogenous markup which will be discussed in section
6. When the tax cut is unanticipated, the dotted line gives the results for a low labor
supply elasticity (i.e. o7 = 0.2), while it shows those for a longer anticipation horizon (i.e.
7 = 10) when the tax cut is anticipated.

While panel C gives the response on impact, panel D displays the cumulative responses
over a six-quarter horizon. Since the empirical literature analyzing the effects of tax shocks
commonly report the GDP response over a three-year horizon, Panel E of Tables 1 and 2
shows the responses of aggregate and sectoral outputs after three years.

We analyze the dynamic adjustment, contrasting the effects of an unanticipated tax
reform with those when the tax cut is anticipated. We start with the adjustment of labor
which is displayed in the third line of Figure 2. When the tax reform is not announced,
if k7 > kN, the temporal path for L is flat while with the reversal of sectoral capital
intensities, the real wage increases along the transitional path. As the relative price of non-
tradables depreciates (after an initial appreciation), the resulting increase in the real wage
pushes up labor supply. By contrast, when the tax reform is anticipated, hours worked fall
sharply six quarters before the policy realization and decline during the pre-implementation
period if £V > k7.

The dynamics for investment are displayed in the first line of Figure 2. As long as
the labor tax cut is unanticipated, the rise in labor supply produces an investment boom,
regardless of sectoral capital intensities. Along the transitional path, investment declines
monotonically. Note that Mertens and Ravn [2009] find that investment increases by 10% at
peak while our model predicts a smaller response of investment (over a six-quarter horizon)
which ranges from 1.4% (if &Y > k) to 1.6% (if kT > k") in the baseline scenario. In
line with the evidence, an anticipated tax cut gives rise to a contraction of investment,
though it recovers quickly if &V > k”. As shown in Panel D of Table 2, the cumulative

response over a six-quarter horizon of investment is negative only if 7 > kV. In this case,
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the fall in hours worked produces a fall in non-traded output, due to the Rybczynski effect,
while consumption increases. When kv > kT, the cumulative response is negative only
when the tax cut is anticipated ten quarters before its implementation. Only in this case is
the initial depreciation in the relative price of non-tradables large enough to moderate the
non-traded output growth (see the sixth line of Panel D of Table 2) and thereby to produce

a decumulation of physical capital.

In all cases, the current account adjustment is the mirror image of the dynamics of
investment. Following an unexpected tax reform, the open economy experiences a current
account deficit which shrinks over time, as shown in the second line of Figure 2. When
the tax cut is anticipated, if k7 > kv, a current account surplus shows up as investment
falls sharply, though savings decline at the same time. By contrast, if ¥V > k”, the open

economy experiences a large current account deficit as investment recovers quickly.

The fourth line of Figure 2 depicts the dynamics for output. Following an unexpected
tax reform, GDP increases along the transitional path as a result of capital accumulation,
regardless of sectoral capital intensities. When the tax cut is anticipated, the cumulative
response of aggregate output over a six-quarter horizon summarized in the fourth line of
Panel D of Table 2 is negative, ranging from -2.5% if k7 > k™ to -1.8% if kv > kT, for the
baseline scenario. In the former case, the large decline in investment drives down further
GDP. When the tax cut is implemented, aggregate output rises sharply as shown in the
fourth line of Figure 2. However, GDP rises above its original level only if Y > kT at time
t="T.

Panel E of Tables 1 and 2 gives the cumulative response of GDP over a three-year
horizon. Following an unanticipated 1 percent labor tax cut (relative to GDP), we find
numerically that GDP increases by about 1.6 (1.5) percentage points after three years if
KT > kN (KT > kV). Note that our numerical results are close to the estimates provided by
Perotti [2011] who find that a 1 percentage point of GDP unanticipated decrease in taxes
leads to an increase in GDP by about 1.5 percentage points after three years. When the
tax reform is anticipated, sectoral capital intensities play a key role in driving the response
of aggregate output; more precisely, GDP falls by 2.8 percentage points if k7 > kY and
declines by only 1 percentage point when the sectoral capital intensities are reversed. The
reason for such a discrepancy is that the crowding-out of investment is more pronounced if

kT > kN since non-traded output falls in this case.

< Please insert Table 1 about here >

< Please insert Table 2 about here >
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< Please insert Figure 2 about here >

5.6 Short-Run Sectoral and Distribution Effects

The sectoral decomposition of the effects of fiscal shocks sheds light on the propagation
mechanism in an open economy. The impact and cumulative responses (over a six-quarter
horizon) of sectoral outputs are summarized in the eight and ninth lines of panel C and
the fifth and sixth lines of Panel D of Tables 1 and 2 while Panel E gives the cumulative

responses over a three-year horizon.

When the tax reform is unanticipated, traded output always falls while non-traded
output expands, regardless of sectoral capital intensities. The reason is that output must
increase to meet greater demand. Since non-tradables cannot be imported, the output of
that sector must rise, regardless of sectoral capital intensities. If 7 > k%, the Rybczynski
effect produces a shift of labor towards the more labor intensive sector. If the sectoral
capital intensities are reversed, the relative price of non-tradables appreciates as a result of
the excess of demand which shifts resources towards the non-traded sector. As shown in
the fifth line of Figures 2, traded output increases along the transitional path and recovers
its original level only after twenty quarters. As shown in Panels C and D of Tables 1 and

2, raising o7, amplifies the dispersion of sectoral output responses.

When the tax reform is anticipated, sectoral capital intensities now play a key role in
driving sectoral output responses. If k7 > k", as agents supply less labor, the Rybczynski
effect yields a drop in non-traded output while traded output expands. If kN > k7, the
shift of labor towards the more capital intensive sector is large enough to depreciate the
relative price of non-tradables (see the second line of Panel C of Table 2). While YV falls
on impact under certain circumstances, its cumulative response over a six-quarter horizon
is positive, as shown in the sixth line of Panel D of Table 2. Along the transitional path,
sectoral outputs vary in opposite directions as a result of the reallocation of inputs across
sectors (see the fifth line of Figure 2). When kT > kN, capital decumulation produces a
fall in traded output while non-traded output expands. Whereas sectoral outputs converge
in this configuration, Y7 and YV diverge when £V > k7 as a result of the appreciation in
P.

Importantly, as shown in the two last lines of Panel E of Tables 1 and 2, two striking
results emerge from the numerical analysis. First, Panel E of Table 1 shows that the GDP
response masks a large dispersion in sectoral output responses. More precisely, the sectoral

decomposition of GDP growth over a three-year horizon shows that traded output declines

29



by 1.3 (1.5) percentage points of initial GDP while non-traded output rises by 2.9 (3.0) if
KT > kN (k™ > k7). When considering an anticipated tax cut, the dispersion in sectoral
output responses become between two and three times larger, as shown in Panel E of Table
2. Second, we find that the relative size of the non-traded sector increases substantially
after three years, regardless of sectoral capital intensities and whether or not the tax cut is

anticipated.

When investigating the distribution effects, the numerical results given in the last line
of Panels C and D of Tables 1 and 2 show that the impact and cumulative effects are
substantial only if the tax cut is anticipated. Starting with k7 > k%, since the relative
price dynamics degenerate, the labor share movement is only driven by the capital-labor
ratio adjustment. For the baseline scenario, the last line of panel D of Tables 1 and 2 shows
that the labor share increases by 0.12% of GDP if the tax reform is unanticipated and falls
by 0.35% if the tax reform is anticipated six quarters before its implementation. In the
former case, K/L falls while in the latter case, the drop in worked hours pushes up the
capital-labor ratio. Interestingly, if £ > k7, the labor share always drops. An unexpected
tax reform leads to a cumulative response over a six-quarter horizon of about -0.1% across
all the scenarios, as the Stolper-Samuelson effect pushes up the return on capital. When
the tax cut is anticipated, the cumulative response of the labor share is more negative. Its
cumulative response varies between about -0.2% if o, = 0.2 and -0.8% if o, = 1. The
reason is that investment recovers quickly which pushes up K/L, and more so if o is

higher.

5.7 Anticipation Horizon

We now assess briefly to what extent our results depend on the assumption regarding the
anticipation horizon of the labor tax cut. To begin with, we note that Mertens and Ravn
[2009] stress that the implementation lag of the shock is an important determinant for the
transmission of tax policy measures. More precisely, the authors find empirically that the
longer the anticipation horizon, the deeper the pre-implementation downturn and the more
muted the post-implementation expansion.

In deriving our results in the baseline scenario, we have assumed that labor tax cuts are
anticipated six quarters before their implementation. The last column of Table 2 summa-
rizes the numerical results for a longer anticipation horizon, i.e. setting 7 = 10. In the case
of an announced future policy, the positive wealth effect is smaller, since the equilibrium
change of X is scaled down by e ""Z. As a result, labor, and thereby GDP decline less on
impact, regardless of sectoral capital intensities, as shown in the fourth and seventh lines
of Panel C of Table 2. An examination of the fourth line of panel D of Table 2 shows

that the cumulative response of GDP over a six-quarter horizon is more negative as the
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anticipation horizon increases, in line with the evidence from Mertens and Ravn [2009],
only if £V > kT. The reason is that P depreciates more over a six-quarter horizon which
moderates substantially the traded output expansion (see the sixth line of Panel D of Table
2).

Figure 3 illustrates the impact of an anticipated tax reform when we vary the anticipa-
tion horizon (i.e. 7) between six and ten quarters. Regardless of the anticipation horizon,
there is always an output decline prior to implementation and an output expansion after
implementation of the labor tax cut. As stressed above, the model predicts a larger decline
of GDP over a six-quarter horizon as the anticipation horizon 7 increases from six to ten,
but only if &V > kT. Moreover, we find that the rise in GDP when the tax cut is imple-
mented is smaller as 7 is raised, regardless of sectoral capital intensities.*0 As shown in
Figure 3(a), while GDP increases at time 7, aggregate output remains below its original
level over two to three quarters if k7 > k~. By contrast, if &V > kT, Figure 3(b) shows
that GDP rises above its original level and then declines monotonically, regardless of the

anticipation horizon.

< Please insert Figure 3 about here >

6 Endogenous Markups and Sectoral Effects of Tax Reforms

Several papers have stressed that the variation in the number of competitors and the con-
sequent change in the markup provide an important magnification mechanism, see e.g.
Jaimovich and, Floetotto [2008], Wu and Zhang [2000], Zhang [2007], all of whom consider
one-sector models. We therefore decided to revisit quantitatively the effects of unantici-
pated and anticipated tax reforms by allowing for the markup to be endogenous. Since
the long-run effects remain almost unchanged compared to those in the case of a fixed
markup, we will discuss them very briefly. Instead, we will concentrate on how an en-
dogenous markup modifies the short-run adjustment of key variables and influences both
the sectoral composition of GDP and the movement in the labor share. To save space, we
concentrate on a revenue-neutral tax reform involving a fall in the employer’s part of labor
)

tax (i.e. a decrease in 71") and a rise in consumption tax (i.e. an increase in 7¢) so that

the government budget is balanced.

46The numerical results are not reported in the paper but are available from the authors upon request.
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6.1 Extending the Model to Endogenous Markup

Following Jaimovich and Floetotto [2008], we depart from the usual practice by assuming
that the number of firms is large enough so that the strategic effects can be ignored, but
not so large that the effect of entry on the firm’s demand curve is minuscule. Consequently,
the price elasticity of demand faced by a single firm is no longer constant and equal to the
elasticity of substitution between any two varieties, but rather a function of the number of
firms N. Taking into account that output of one variety does not affect the general price
index P, but does influence the sectoral price level, in a symmetric equilibrium the resulting

price elasticity of demand is given by:*"

e(N):e—(ej_Vw), N € (1,00). (38)

Assuming that € > w, the price elasticity of demand faced by any single firm is an increasing

function of the number of firms N within a sector. Henceforth, the markup p = %

decreases as the number of competitors increases.

In the interests of space, we restrict our attention to the major changes in deriving
the macroeconomic equilibrium. First, the zero-profit condition in the intermediate good
sector can be solved for the number of firms, i.e. N = N (K, L, P). Bearing in mind that
= 1 (N), the equalities of marginal products between sectors (i.e. egs. (6a)-(6b)) imply
that capital-labor ratios k7 (j = T, N) are affected by the markup, i.e. &/ = k7 (P, ), and
so by the number of firms. Substituting the capital-labor ratios into §7 (k:T)oT_1 =Wt to
solve for the wage rate, and into the resource constraints (i.e. egs. (7)) and the production

functions to solve for the sectoral outputs, short-run static solutions become:
W=w (P, Y =Y"(K,PLyu), YN=YN(K PL,yu, (39)

where W, < 0 depending on whether k7 = &V, Y#T > 0 and YMN < 0. To understand this
result intuitively, i.e. the impact of markup variations, let us consider that the number
of competitors increases so that p falls. All things being equal, since the ratio P/u rises,
non-traded output Y increases while traded output Y7 falls. Additionally, if 7 > kN, a
fall in the markup g raises the sectoral capital-labor ratios k7 and thereby the wage rate.

The same logic applies in the case of kY > kT but W falls.

6.2 Steady-state Effects

We first discuss very briefly the steady-state effects when the markups are endogenous. In
the long run, the expansion of non-traded output triggers an entry of firms which lowers
the markup. A lower p leads to a long-run fall in the relative price of non-tradables P,

regardless of sectoral capital intensities, to equalize the rates of return on domestic and

4"Details of the derivation can be found in the Appendix.
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N | -
foreign assets, i.e. 6V (kN) /1 (N) — 0 = r*. As shown in Panel A of Tables 1-2,
the steady-state effects are similar, if not identical, to those obtained in the case of a fixed
markup. The reason is that in the long run, the fall in the markup and the consequent

adjustment in the relative price P exert offsetting effects on all variables.

6.3 Short-Run Effects

We now investigate the short-term effects of a tax reform when the markup is endogenous,
focusing on the GDP response, the reaction of investment, the adjustment of the real wage,
and the movement in the labor share. Numerical results for impact and cumulative (over
a six-quarter horizon) effects are summarized in panels C and D of Tables 1 and 2. Panel
E gives the cumulative responses over a three-year horizon. The baseline calibration is
identical to that described in section 5.1. The dashed line in Figure 2 shows the transitional

paths for an endogenous markup.

To begin with, we note that the dynamics for the relative price of non-tradables are
restored when kT > kV. Regardless of sectoral capital intensities, P must adjust to equalize

the rates of return on domestic capital and foreign bonds:

,u(N) +F_5K—7" (40)

The markup p depends on the number of firms N which drives profits down towards zero
in the non-traded sector at each instant of time. Depending on whether non-traded output
is expected to increase or decrease, the number of firms rises or declines.

When the tax reform is unanticipated, non-traded output expands which lowers the
markup, regardless of sectoral capital intensities. As producers perceive a more elastic
demand, they are induced to produce more. As the marginal products of capital and labor
increase in the non-traded sector, resources shift towards that sector. Hence, as shown in
the two last lines of Panel E of Table 1, non-traded output increases by 3.4 (3.4) percentage
points rather than 3.1 (3.3) while traded output declines by 1.6 (1.8) percentage points
rather than 1.4 (1.7) if k7 > &V (k™ > k7). Overall, the rise in GDP after three years is
larger when the markup is endogenous. Our numerical results show that abstracting from
the competition channel would underestimate the three-year cumulative response of GDP
by 5%.

When the shock is anticipated, sectoral capital intensities and endogenous markup in-
teract in determining the size of the effects. If the traded sector is more capital intensive, a
model with a fixed markup would underestimate (overestimate) the drop of GDP after three
years by almost 15% (10%) as the rise in the markup during the pre-implementation period

triggers a recessionary (expansionary) effect on non-traded output if k7 > kN (v > k7).

As shown in the seventh line of Panel C of Table 2, a model with an endogenous markup
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produces a larger drop in investment after an anticipated tax reform, regardless of sectoral
capital intensities. If k7 > k", investment falls more as a result of a higher markup which
triggers a recessionary effect on non-traded output. When sectoral capital intensities are
reversed, the relative price of non-tradables depreciates more (see the sixth line of Figure 2)
which lowers non-traded output, and thereby investment. While these results on impact are
in line with the evidence provided by Mertens and Ravn [2009] who find a fall in investment
after an anticipated labor tax cut, the second line of Panel D of Table 2 shows that the
cumulative response of investment is positive if & > k7', and more so when the markup is

endogenous.

By restoring the dynamics for the relative price P, an anticipated tax cut now produces
a change in the real wage when k7 > kV. In this case, the change in the real wage is the
result of two opposite effects. On the one hand, the appreciation of P on impact raises
the real wage due to the Stolper-Samuelson effect. On the other hand, the higher markup
exerts a negative impact on W. As shown in the third line of Panel C of Table 2, the latter
effect predominates so that the real wage falls by about 0.1%. As a result, the labor share
falls further. In conclusion, the competition channel cannot produce the increase in the
real wage documented by Mertens and Ravn over the pre-implementation period after a
pre-announced labor tax cut when k7 > k. We find that the real wage increases after an

anticipated tax reform only if & > k7.

7 Conclusion

Low rates of employment and large public deficits accumulated by the current crisis re-
main a key policy concern across many industrialized countries. Policy makers have there-
fore shifted their attention away from resource-consuming public subsidies to resource-
conserving reforms of the tax structure as ways of addressing the problems of growth and
employment. While the theoretical literature analyzing the effects of revenue-neutral tax
reforms emphasizes the beneficial effects of shifting the tax burden from labor to consump-
tion, the empirical literature analyzing the effects of tax cuts finds evidence of a large decline
in GDP during the pre-implementation period as a result of the fiscal foresight. Our paper
revisits the macroeconomic effects of tax reforms in a two-sector open economy version of
the neoclassical model, with traded and non-traded goods, by considering both unantici-
pated and anticipated tax cuts. Specifically, we analyze the effects of two revenue-neutral
tax reforms that shift the tax burden from labor to consumption and a tax reform reducing
a payroll tax while increasing a progressive wage tax that keeps the marginal tax wedge

unchanged.

When considering an unanticipated tax reform, three main results emerge. First, we

find that a shift from payroll taxes to consumption taxes produces an increase in GDP
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which is about half-way between the large effects after a shift from progressive wage taxes
to consumption taxes and the much smaller effects following a shift from payroll taxes to
progressive wage taxes. Second, while at an aggregate level, our conclusions confirm the
findings by Mendoza and Tesar [1998], numerical results reveal that the GDP response
masks a large dispersion in sectoral output responses. In particular, we find that traded
output falls while non-traded output expands, regardless of sectoral capital intensities, due
to the shift of resources towards the non-traded sector. Third, as captured by the movement
in the labor share, the workers reap the benefits of a labor tax cut only if the traded sector

is more capital intensive.

In contrast to most papers analyzing the effects of tax reforms, we investigate the impact
of anticipated tax cuts. Our model predicts that, regardless of sectoral capital intensities,
GDP, hours worked and investment decline substantially during the pre-implementation
period. Importantly, sectoral capital intensities play a major role in determining the GDP
response after three years. If the traded sector is more capital intensive, GDP falls by
about 2.8 percentage points after three years while it declines by only 1 percentage point
when sectoral capital intensities are reversed. In the former case, the shift of labor towards
the more capital intensive sector amplifies the crowding out of investment and thereby the
contraction of GDP. Regarding the distribution effects, after an anticipated labor tax cut,
the labor share always falls during the pre-implementation period, regardless of sectoral
capital intensities, due to the rise in the capital-labor ratio.

Besides estimating the size of the aggregate effects of tax reforms, one key added value
of our work here is to shed light on the sectoral decomposition of GDP response. More
specifically, numerical results reveal that, in the baseline scenario, the relative size of the
non-traded sector increases substantially after three years, regardless of sectoral capital
intensities and whether or not the tax cut is anticipated.

As expected, we find that the elasticity of labor supply plays a key role in determining
the magnitude of the GDP response. In contrast, raising traded openness does not alter
our findings. Moreover, when conducting a sensitivity analysis of the cumulative GDP
response over a six-quarter horizon with respect to the anticipation horizon, we find that
the longer the anticipation horizon, the deeper the pre-implementation downturn, but only
if the non-traded sector is more capital intensive. The reason is that the real exchange rate
depreciates more as the anticipation horizon increases which results in a larger decline in
investment. Finally, allowing for the markup to be endogenous, we find a model with fixed
markup underestimates the positive GDP response after an unanticipated tax cut whereas
it underestimates (overestimates) the decline in GDP if the traded (non-traded) sector is

more capital intensive when the tax cut is pre-announced.

In conclusion, we must stress a number of caveats. When considering an endogenous
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markup, we assume that entry of firms drives the profit down to zero at each instant of
time. While this assumption simplifies the dynamics, we believe that considering a model
with entry and exit of firms, in the lines of Bilbiie, Ghironi and Melitz [2010], could enrich
the analysis. In this framework, the number of firms becomes a sluggish variable so that
the markup will be unaffected on impact. Hence, after an anticipated tax cut, the real wage
could rise rather than decrease as a result of the Stolper-Samuelson effect, when the traded
sector is more capital intensive than the non-traded sector. Additionally, we consider time
separable preferences which in turn produce a significant increase in consumption after
an anticipated tax reform, whereas Mertens and Ravn [2009] find that the consumption
response is quite muted in the short run. Considering habit formation in consumption
would lower the intertemporal elasticity of substitution at a short-run horizon and thereby
moderate the reaction of consumption on impact. Finally, due to our assumption of perfect
labor mobility across sectors, traded and non-traded output vary in opposite directions
while evidence from Benetrix and Lane [2010] mostly predicts that sectoral outputs co-

vary. Further analysis of these issues has to be left for future research.
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Figure 2: Effect of Tax Reforms. Notes: variables are measured in percentage points of

output, with the exception of labor and relative price of non tradables which are scaled by

their initial steady-state values.
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Table 1: Quantitative Effects of Unanticipated Tax Reforms (in %)

Variables kT > kN N > kT
bench 77 — 7¢ H ¢ " bench 7 — ¢
(o =0.5) (0 =0.2) (o =1) (uend.) | (o =0.5) (o =0.5) | (6 =0.5) (o =0.2) (o =1) (uend.)

A .Long-Term

Consumption, dC 0.10 0.05 0.14 0.10 0.17 0.04 0.10 0.05 0.14 0.10

Labor, dL 0.15 0.08 0.21 0.15 0.25 0.07 0.16 0.08 0.23 0.16

Capital, dK 0.16 0.08 0.23 0.16 0.27 0.07 0.15 0.08 0.21 0.15

GDP, dY 0.15 0.08 0.22 0.15 0.26 0.07 0.15 0.08 0.22 0.15

Traded output, ayT 0.07 0.04 0.10 0.07 0.12 0.03 0.07 0.03 0.10 0.07

Non traded output, dY N 0.08 0.04 0.11 0.08 0.13 0.03 0.09 0.05 0.13 0.09
B.Tax Change

Tax change, dr’ 0.85 0.91 0.79 0.85 1.47 0.99 0.88 0.94 0.82 0.88
C.Impact

Consumption, dC'(0) 0.10 0.05 0.14 0.10 0.17 0.04 0.10 0.05 0.14 0.10

RER, dP(0) 0.00 0.00 0.00 -0.00 0.00 0.00 0.02 0.01 0.03 0.02

Real wage, dW(0) 1.51 1.51 1.50 1.53 0.00 1.51 1.50 1.54 1.48 1.50

Labor, dL(0) 0.15 0.08 0.21 0.16 0.25 0.07 0.12 0.07 0.14 0.12

Investment, dI(0) 0.43 0.22 0.62 0.65 0.73 0.19 0.35 0.18 0.52 0.43

Current Account, dC'A(0) -0.43 -0.22 -0.62 -0.63 -0.73 -0.19 -0.43 -0.22 -0.65 -0.51

GDP, dY (0) 0.10 0.05 0.14 0.11 0.17 0.04 0.08 0.05 0.09 0.08

Traded output, dYT(0) -0.37 -0.20 -0.54 -0.58 -0.64 -0.17 -0.38 -0.19 -0.58 -0.46

Non traded output, dY N(0) 0.47 0.25 0.68 0.68 0.81 0.21 0.46 0.24 0.67 0.54

Labor Share, d3r(0) 0.03 0.02 0.16 0.05 0.06 0.01 -0.02 -0.01 -0.04 -0.03
D.Cumulative Response (6 qtrs)

Real Wage 9.04 9.05 9.03 9.11 0.00 9.04 9.19 9.31 9.10 9.18

Investment, df 1.62 0.85 2.33 2.07 2.76 0.71 1.38 0.71 2.03 1.55

Current account, dC' A -1.62 -0.85 -2.33 -1.99 -2.76 -0.71 -1.68 -0.85 -2.54 -1.86

GDP, dY 0.71 0.37 1.03 0.77 1.21 0.31 0.63 0.35 0.81 0.64

Traded output, dY'T -1.26 -0.66 -1.82 -1.62 -2.15 -0.56 -1.35 -0.68 -2.06 -1.52

Non traded output, dY N 1.97 1.04 2.85 2.39 3.36 0.87 1.98 1.03 2.87 2.17

Labor Share, dfr, 0.12 0.06 0.86 0.16 0.20 0.05 -0.08 -0.04 -0.13 -0.10
E.Cumulative Response (3 yrs)

GDP, dY 1.56 0.82 2.26 1.66 2.66 0.69 1.46 0.79 1.98 1.50

Traded output, dY'T -1.31 -0.69 -1.89 -1.50 -2.23 -0.58 -1.49 -0.75 -2.30 -1.61

Non traded output, dY N 2.87 1.51 4.15 3.17 4.90 1.27 2.95 1.54 4.28 3.10

Notes: Effects of Unanticipated Tax reforms. We consider an unexpected permanent labor tax cut by 77 (j = F, H) which lowers tax revenues by 1 percentage

point of GDP; 77 — 7¢: revenue-neutral tax reform involving simultaneously cutting labor tax and raising consumption tax so that the government budget is

balanced; in this case, Panel B gives the change in 7¢; 7

F

— 7 tax restructuring involving simultaneously cutting payroll taxes and raising the wage tax so that

the marginal tax wedge is unchanged; in this case, Panel B gives the change in 77. Responses are scaled by initial GDP, except for initial and long-run changes

of real exchange rate, real wage, labor, and capital (percent of steady state).




Table 2: Quantitative Effects of Anticipated Tax Reforms (in %)

6¢

Variables KT > kN, 7P — ¢ EN > kT, 7 —1¢
bench 7 =6 low o, high o, open markup 7 =10 bench 7 =6 low o, high oy, open markup 7 =10
(o =0.5) (e =0.2) (o =1) (¢=08) (mend.) (or=0.5) (o =0.5) (6 =02) (o =1) (¢=0.8) (uwend.) (or=0.5)

A .Long-Term

Consumption, dC 0.08 0.04 0.13 0.08 0.08 0.07 0.08 0.04 0.13 0.08 0.08 0.07

Labor, dL 0.18 0.09 0.29 0.19 0.18 0.20 0.19 0.09 0.29 0.19 0.19 0.21

Capital, dK 0.20 0.10 0.32 0.20 0.20 0.22 0.17 0.08 0.27 0.17 0.17 0.19

GDP, dY 0.19 0.09 0.30 0.19 0.19 0.21 0.18 0.09 0.28 0.18 0.18 0.20

Traded output, ayT 0.11 0.06 0.17 0.14 0.11 0.13 0.10 0.05 0.16 0.13 0.10 0.12

Non traded output, dY N 0.08 0.04 0.12 0.05 0.08 0.08 0.08 0.04 0.13 0.05 0.08 0.08
B.Tax Change

Consumption tax, dr¢ 0.84 0.91 0.77 0.86 0.84 0.84 0.87 0.94 0.80 0.84 0.87 0.87
C.Impact

Consumption, dC'(0) 0.31 0.28 0.34 0.31 0.31 0.30 0.32 0.28 0.36 0.32 0.32 0.31

RER, dP(0) 0.00 0.00 0.00 0.00 0.01 0.00 -0.03 -0.01 -0.07 -0.03 -0.03 -0.04

Real Wage, dW(0) 0.00 0.00 0.00 0.00 -0.12 0.00 0.11 0.03 0.25 0.13 0.12 0.15

Labor, dL(0) -0.50 -0.18 -1.07 -0.51 -0.55 -0.48 -0.47 -0.18 -0.89 -0.44 -0.46 -0.43

Investment, dI(0) -1.74 -0.72 -3.58 -1.64 -2.84 -1.67 -0.03 0.05 -0.31 -0.08 -0.16 -0.47

Current Account, dC A(0) 1.10 0.32 2.52 0.99 2.08 1.05 -0.50 -0.42 -0.44 -0.44 -0.36 -0.01

GDP, dY (0) -0.34 -0.12 -0.72 -0.34 -0.37 -0.32 -0.30 -0.12 -0.57 -0.29 -0.30 -0.27

Traded output, dYT'(0) 1.26 0.46 2.70 1.26 2.24 1.21 -0.37 -0.30 -0.29 -0.19 -0.23 0.12

Non traded output, dY N(0) -1.60 -0.59 -3.42 -1.59 -2.61 -1.53 0.07 0.18 -0.28 -0.10 -0.07 -0.40

Labor Share, dB.(0) -0.11 -0.04 -0.06 -0.11 -0.20 -0.10 -0.04 -0.02 -0.04 -0.01 -0.03 -0.00
D.Cumulative Response (6 qtrs)

Real Wage 0.00 0.00 0.00 0.00 -0.62 0.00 0.43 0.11 0.99 0.50 0.39 0.58

Investment, dI -6.61 -2.72 -13.59 -6.22 -10.44 -6.34 2.96 1.27 5.24 2.93 3.38 -0.45

Current account, dC'A 2.63 0.25 7.04 2.24 5.84 2.52 -6.50 -3.63 -10.51 -6.42 -6.95 -2.78

GDP, dY -2.48 -0.93 -5.27 -2.44 -2.89 -2.38 -1.76 -0.66 -3.57 -1.73 -1.76 -1.83

Traded output, dY'T 3.52 1.11 7.90 3.74 6.65 3.37 -5.53 -2.80 -9.40 -4.79 -5.98 -1.94

Non traded output, dY N -6.00 -2.04 -13.17 -6.19 -9.54 -5.75 3.78 2.14 5.84 3.06 4.22 0.10

Labor Share, dfr, -0.35 -0.11 0.17 -0.40 -0.67 -0.33 -0.46 -0.22 -0.80 -0.36 -0.49 -0.19
E.Cumulative Response (3 yrs)

GDP, dY -2.77 -0.97 -6.22 -2.68 -3.31 -4.83 -0.96 -0.27 -2.30 -0.92 -0.87 -3.00

Traded output, dY'T -2.42 -1.50 -3.53 -1.82 -3.28 0.33 -6.19 -3.14 -10.43 -5.14 -6.43 -8.59

Non traded output, dY N -0.35 0.53 -2.69 -0.86 -0.03 -5.16 5.22 2.87 8.13 4.22 5.56 5.59

Notes: Effects of anticipated tax reforms. We consider an anticipated permanent labor tax cut by dr’ which lowers tax revenues by 1 percentage point of GDP; 7" — 7 revenue-neutral
tax reform involving simultaneously cutting payroll taxes and raising consumption taxes so that the government budget is balanced. Impact and steady-state deviations are scaled by initial

GDP, exception with the real exchange rate, real wage, labor, and capital which are scaled by their initial steady-state values.
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A Data

A.1 Data for Figure 1

Figure 1 plots labor and consumption tax rates over the period 1990-2007 for six OECD countries:
Belgium, Finland, France, Italy, Spain and Sweden. Both labor and consumption tax are taken
from Mc Daniel [2007] who provides effective tax rates for a sample of fifteen OECD countries
covering the period 1950-2007. Note that the data are taken from Mc Daniel as she estimates the
aggregate labor tax as equal to the payroll tax rate (paid by employer and employee) plus the
tax rate on household income. Further details of calculation can be retrieved in Mc Daniel [2007].
The procedure for choosing the six countries is as follows. Over the period 1990-1994, the labor
tax rate averages 0.345. Nine countries, including the six above plus Austria, Germany, and the
Netherlands, feature labor tax rates that are higher than average. Among these nine countries,
only six have unemployment rates that are higher than average. Note than we took the average of
unemployment over 1993-1994 rather than 1990-1994 since the unemployment rate is not available
for Austria before 1993. Source: OECD Main Economic Indicators.

A.2 Data for Calibration

Table 3 shows the non-tradable content of GDP, employment, consumption, gross fixed capital
formation and government spending, and gives the share of government spending on the traded and
non-traded good in the sectoral output, the shares of capital income in output in both sectors, and
the markup charged by the non-traded sector for 14 OECD countries (Austria, Belgium, Canada,
Denmark, Finland, France, Germany, Italy, Japan, Netherlands, Spain, Sweden, United Kingdom,
United States). The choice of these countries has been dictated by data availability. For the
countries of our sample, the period runs from 1990 to 2004. Details of construction of the data can
be retrieved in Cardi and Restout [2011].

Table 3 also summarizes effective tax rates for the countries of our sample. The employers’ part
of labor taxes denoted by 7% in the text is calculated as ESS/(IE — ESS), where ESS equal to
employers’ social security contributions and [E equal to total compensation for employees; ESS
comprise taxes paid by employers (2200) and taxes on payroll and workforce (3000). Source: OECD
National Accounts.

The employees’ part of labor taxes denoted by 7 in the text is the labor income tax rate plus
the rate of contribution to social security to be paid by households. It is calculated as DT/HCR,
with DT equal to income tax (1110) plus employees’ social security contributions (2100) and HCR
equal to compensation of employees less labor taxes paid by employers. Source: OECD National
Accounts.

We have computed the ratio T1/W, with TI taxable income and W the gross wage earnings
before taxes. To calibrate the model, we set tax allowances x to target this ratio. Source: OECD
National Accounts.

The consumption tax denoted by 7€ in the text is TG'S/CC with TGS corresponding to taxes
on goods and services (5110 + 5121), and CC represents the final consumption expenditure of
households and of general government. Source: OECD National Accounts.
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Table 3: Data to Calibrate the Two-Sector Model: Non Tradable Share and Tax Rates (1990-2004)

Countries Non tradable Share G7/Y? Capital Share | Markup Tax

Output Labor Consumption Investment Gov. spending | G~ /YY GT/Y7T o7 0 m © H e %
AUT 0.70 0.66 0.47 0.60 0.91 0.28 0.06 0.33 0.35 1.37 0.17 0.36 0.23 0.77
BEL 0.71 0.71 0.44 n.a. 0.84 0.29 0.08 0.35 0.34 1.31 0.14 0.42 0.20 0.80
CAN 0.68 0.72 0.48 0.62 0.91 0.28 0.06 0.47 0.38 1.43 0.10 0.32 0.08 n.a.
DEU 0.69 0.67 0.44 0.61 0.90 0.28 0.07 0.23 0.37 1.45 0.14 0.33 0.15 0.92
DNK 0.71 0.71 0.47 0.53 0.93 0.39 0.07 0.35 0.32 1.33 0.24 0.50 0.01 0.88
FIN 0.61 0.64 0.48 0.63 0.89 0.37 0.08 0.40 0.28 1.33 0.21 0.40 0.23 0.93
FRA 0.74 0.70 0.44 0.61 0.94 0.33 0.06 0.29 0.36 1.41 0.15 0.28 0.31 0.60
GBR 0.69 0.73 0.58 0.51 0.93 0.30 0.05 0.29 0.29 1.28 0.14 0.24 0.07 0.83
ITA 0.68 0.64 0.41 0.52 0.91 0.28 0.06 0.28 0.37 1.57 0.12 0.39 0.27 0.82
JPN 0.69 0.66 0.45 0.59 n.a. n.a n.a. 0.42 0.38 1.46 0.06 0.20 0.09 0.50
NLD 0.71 0.73 0.45 0.62 0.92 0.33 0.07 0.39 0.31 1.31 0.16 0.35 0.08 0.96
SPA 0.68 0.67 0.50 0.65 0.91 0.26 0.05 0.41 0.34 1.33 0.12 0.22 0.21 0.66
SWE 0.68 0.71 0.51 0.47 0.91 0.42 0.09 0.34 0.32 1.32 0.19 0.44 0.32 094
USA 0.73 0.76 0.53 0.58 0.90 0.20 0.06 0.38 0.32 1.35 0.04 0.23 0.06 0.78
Average 0.69 0.69 0.48 0.58 0.91 0.31 0.07 0.35 0.34 1.38 0.14 0.33 0.17 0.80

Notes: GY /Y7 is the share of government spending on good j in output of sector j; #7 is the share of capital income in output of sector j = T, N; p is the

markup charged by the non-traded sector; ¢

is the consumption tax rate, 7¥: the employee’ part of labor taxes, 7F the employer’ part of labor taxes.
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A Short-Run Static Solutions

In this section, we compute short-run static solutions. It is worthwhile noting that in this paper,
we assume that the non-traded sector is imperfectly competitive and charges a markup denoted by
w. We also allow for the markup to be endogenous in section 6 in the text. In order to isolate
the influence of markup variations on variables, i.e. the competition channel, we express variables
in terms of the markup; hence, we treat p as an exogenous variable in computing short-run static
solutions. For example, if a short-run static solution is given by = = = (;\, P, u) with \ the shadow
value of wealth, P the relative price of non tradables and p the markup, the variable x is only affected
by A and P in the case of fixed markup while z is influenced also by the competition channel when
we allow for the markup to be endogenous. In section N, we set out the model with an imperfectly
competitive non-traded sector, assuming that a limited number of competitors operate within each
sector. When the number of competitors is large, the imperfectly competitive non-traded sector
charges a fixed markup.

A.1 Short-Run Static Solutions for Consumption-Side

Static efficiency conditions (5b) and (5¢) can be solved for real consumption and labor which of
course must hold at any point of time:

c=C\P7%), L=L(\Pr" % 1), (41)
with
aC C
- P 42
Cx X oCS <0, (42a)
oC C
C = — =—acoc— <0, 42b
r oP p (42b)
oC C
¢ orc oc (14 7Y) <9 (42c)
oL L
Ly = — =0g;= 42d
A ON oL Y >0, ( )
oL Wp (1—7) A kTh
Lp = — =01l =—orL 0 42
r ap ~ 7t WA TLEWE (kN —kT) = (42¢)
oL W,r (1-7H) A
L = —=- —opL——— 42f
TF 8TF ar, WA or, (1+TF) <0’ ( )
oL (W —k)
L.u = O =—orL WA <0, (42g)
oL W, (1—7) A kT Ph
L, = —=o0L——*> =0 L——5——— 20, 42h
H au L WA L WF (M)z(kN—kT) < ( )
where oo = — uggc > 0 corresponds to the intertemporal elasticity of substitution for consumption,
o = 4 > 0 represents the intertemporal elasticity of substitution for labor. We denoted by
LL "
O<A:ﬂ<1aslongas/@>O;ifn:0,thenA:1.

= Ja—rmyege]
Denoting by ¢ the intratemporal elasticity of substitution between the tradable and the non
tradable good and inserting short-run solution for consumption (41) into intra-temporal allocations
between non tradable and tradable goods, we solve for CT and CV:

ct=ct (NP %), cN=0N(\P1°), (43)
with
T
cf = fac% <0, (44a)
T
Cp = ac— - (¢—0c)s0, (44b)
CT
T - .2 44
C-c UC(1+TC) <0, (44c)
CN
C;\V = *O'CT < O7 (44d)
CN
cN = Y (1 —-ac)o+acoc] <0, (44e)
CN

o = —oc ( <0, (44f)

1+ 79)



where we used the fact that — P}';"/,P =¢(1—ac)>0and PLC =CV.
(e}

A.2 Short-Run Static Solutions for Production-Side

Sectoral Capital-Labor Ratios
First-order conditions (6) can be solved for the sectoral capital intensities:

KN =k (Pp), KN =kN(Pu), (45)
with
oK™ h
kh = = 4
P S OP T ufa (Y RT) (462)
T
P
L , (46b)
oz ()" fron (BN = KT)
kN f
N
p— = . 4
kp 9P  PZhy (kN — k7) (46¢)
ok f
Y = = . 46d
5T n T Phu (=T o)
Real Wage
Equality [f (k7)) — kT fi, (kT)] = W can be solved for the wage rate:
W =w (P, p), (47)
with
oW KT fupkt )T h
_ g — < 4
We = 9P T Tt A ) a e =) = (48a)
ow w
W.or = O F __(1-|—TF) <0, (48b)
ow kT forkl kT Ph
W, = —— =— K= =0 48
" O~ W) L) (uf (B KT) (8

Sectoral Labor
Substituting short-run static solutions for labor (41) and capital-labor ratios (45) into the re-
source constraints for capital and labor (16), we can solve for traded and non-traded labor as follows:

LT:LT (K,P75\,TF,TH,M), LN:LN (K7P75\7TF7TH?M)? (49)
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with

N
Ly
LY

N
LY,

A T1.N
O'LLWk' k Ph:| >O,

oLT 1
B <
oK~ —py =0
LT 1 LT 2N A
oL” _ ; [ h w : f o1 L kTN
oP (kN —kT)* [ fox  P?hy w
oLT 1 [LTPh p2LN f
op [ (BN — kD) L far Phyy,
oLT L kN
o TR R <
aLT kN A
=_ L <
orF ~ N g Ot gy S0
oLT kN (W — k)
orf = RN —gr otk A S0
oLN 1
= >
ok g <
oLN 1 L™h  pLNf A
= — — O _—
opP (kN — kT [ o P2hig Hrwr
aLN 1 [LTPh w2LNF
= -0
o [N kD)2 L fie | Phw O WF
oLN L kT
—_— = — - <
U WS
oLT kT A
- L >
orF — kN _ Tt (1+7F) <0,
oLN kT (W — k)
o~ GN — ol A 20

where WF =W (1 +TF).
Sectoral Output
Inserting short-run static solutions for capital-labor ratios (45) and for labor (50) into the
production functions, we can solve for the traded, Y7 = LTk”, and the non traded output, YV =

LNRN:

YT = YT (K7P75\7TF7TH7ILL) )

48

| <o

(kT)Qh] >0,

(k:T)QPh} <0,

YN =YV (K, P ),

(50a)

(50b)

(50¢)

(51)



with
oyT f

Yi = - w7 SO (52a)
T T 2 N 2
s 65; B u(kleTf Pl/ifk(lil | ?P)(Qu/i)k _ULL%MNW <0 e
nwo= ?TT:U%%%O’ (52d)
i = gﬁ = —k]f”]ifkTaLL(l +ATF) <0, (52e)
Y% = ‘Z}: = - klfifkToLL(WW;“) <0, (52f)
vy = 88)2’ - kNﬁkT >0, (52g)
e = 85)YPN - _P(kNl KT PL/;:;)Q " Lli?(:;i)z - %”L% (kThf] S
= 6;:\[ TS 1_ kT2 Pi‘:gf " L;(gif - gaLL% (kTh)zl e
vy = a;/TN = —aé% S0, (52j)
Vi o= %}T/]FV = kaihkTaLL a +ATF) 20, (52k)
YY = ?:g = kaihkTaLL(WW;“) > 0. (521)

As it will be useful to calculate tax multipliers for output, we give the partial derivatives of
output in the traded and the non traded sector w. r. t. total employment:
oyT ENf N oYV ETh
oL o 20 Y= = s 0. (53)

v =

Useful Properties
Making use of (52b) and (52h), (52a) and (52g), we deduce the following useful properties:

i P ko
Pt T —oL 1 (BN — kT s0, (54a)
— Ph
R (54b)
T YLN F
YL +P7 = W ) (54C)
YN Ph
T _ T
YN L (KNpf — kT Ph) L
Y;\T‘i'P% = ULXIU,(]{)N——]{)T):O-LKWF>O7 (546)
YN
v+ P% = —opLwA <0, (54f)
Yh, W —
Y+ P% = —aLL%WF <0, (54g)

where we used the fact that puf = P [h — hy (kN — kT)] and ENpuf—kTPh =P (h — thN) (kN — kT) =
uwt (kN — kT).

In addition, using the fact that RX = f; [kT (P, ,u)}, the rental rate of capital denoted by R¥
can be expressed as a function of the real exchange rate P and the mark-up pu:

RY = R (Pp), (55)
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with partial derivatives given by:

RE = a;z; = (th_ ) >0, (56a)
R = 8;? =2 (,jh_ ) SO (56b)
B Equilibrium Dynamics and Formal Solutions
Inserting short-run static solutions (41), (43) and (51) into (10) and (5d), we obtain:
K = %YN (K, P2\ 77 78 — N (N, P,79) — 6k K — GV, (57a)
P = P{rw(sK—}“‘“fLP)]. (57b)

Linearizing these two equations around the steady-state, and denoting X = K, P the long-term
values of X = K, P, we obtain in a matrix form:

. NT . NT
(K, P) —J (K(t) K. P(t) - P) , (58)
where J is given by
bi1 b2
J = , 59
( ba1 b2 ) (59)
with
o h Yy
by = - —fx=—rc—0k20, bp=-L—-Cp>0, (60a)
0 ﬂ
= hyr kN f vE
by = 0, byy=_—DPFP — ~f =K <. (60b)
7 P (kN _ kT) P

Equilibrium Dynamics
By denoting v the eigenvalue of matrix J, the characteristic equation for the matrix of the
linearized system (58) can be written as follows:

1 P - YL (YyN
(v)? — = (YE + EY}(V - 6KP> v+ Iﬁf (5 - 6K) =0. (61)

The determinant denoted by Det of the linearized 2 x 2 matrix (58) is unambiguously negative:*8

YT (vY fh YT
DetJ:blleQZ ~K (K—6K> :—%—6]( .,K <O7 (62)
P\ n uP (kN - kT) P

and the trace denoted by Tr given by

1 P h
TrJ=b11+b22:P<Y§+ﬁY[§/)——6K::—6K:r*>0, (63)

where we used the fact that at the long-run equilibrium h—; =r*+ k.
From (58), the characteristic root obtained from .J writes as follows:

1), 9 Yg (Yév ) .
vi= —qr g/ (r) -4 2 =) =0, 1=1,2. 64
; { \/< P oat (T g) b2 (64
Using (63), then (64) can be rewritten as follows:
1 YL YN
=k | K (K -5 20, i=12 65
"7 {T { P ( H Kﬂ} =0 T (65)

48GStarting from the equality of labor marginal products between sectors, using the fact that fi = Phy
and hx = r* + 0k, it is straightforward to prove that by; is positive in the case N > kT
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We denote by 11 < 0 and v5 > 0 the stable and unstable real eigenvalues, satisfying
v <0< r* <, (66)

Since the system features one state variable, K, and one jump variable, P, the equilibrium yields a
unique one-dimensional stable saddle-path.

Formal Solutions for K and P

General solutions paths are given by :

K(t)— K = Bje"'! + Bye™, (67a)
P(t)— P = wiBje"t + wiBye™t, (67b)
where we normalized w! to unity. The eigenvector w} associated with eigenvalue p; is given by
oy —b
wh = 21, (68)
b2
with
v h
by = K —ldg=—"+ -0k 20, (69a)
)
YN
by = TP —-cy >o, (69D)

where C¥ is given by (44e).
Case kVV > kT
This assumption reflects the fact that the capital-labor ratio of the non-traded good sector
exceeds the capital-labor of the traded sector. From (65), the stable and unstable eigenvalues can
be rewritten as follows:
V. = _% < 0, (70&)
P (kY — k)
h
vy = ———— —0g >0, (70Db)
)

since we suppose that £V > k7.
We can deduce the signs of several useful expressions:

Y = v+ k) >0, (7la)
YI? = Pl/l < 0, (71b)
Phyk
BP0, (71c)
1
F (ra +0K)or 1+ 7F) >0, (71d)
T _  pLN T
YTF = Pk’ VlO’LLm < 0; (716)
1 -
1 -
¥ = —XJLLPkNyl > 0. (71g)

We write out eigenvector w’, corresponding with stable eigenvalue v; with i = 1,2, to determine
their signs:
1 (+)
1
W= | A () |, W= ( +) ) : (72)

Case kT > kN
This assumption reflects the fact that the capital-labor ratio of the traded good sector exceeds
the capital-labor ratio of the non traded sector. From (65), the stable and unstable eigenvalues can
be rewritten as follows:
h
v = ————~ — 0k <0, (73a)
)
vy = —% >0, (73b)
P (kY — k)

o1



since we suppose that k7 > k.
We can deduce the signs of several useful expressions:

YI](V = u (Vl + (5[{) <0, (74&)
YE = ]51/2 > 0, (74b)
Phy kN
% — —19 < O, (74C)
YN = ETu( +0k)orL—r <0 (74d)
TF = KA K)OL (]. + TF) ’
vh = PIENVZULEL >0 (74e)
T (I+71F) ’
1 ~-
o= _XULLICTM (11 +0K) >0, (74f)
1 -~
y{ = _XJLLP/{NVQ <0. (74g)

We write out the four eigenvectors w?, corresponding with stable eigenvalues v; with i = 1,2, to
determine their signs:

w1:<0 (”), W? = m +) |- (75)

C Current Account

In this section, we first derive the current account equation and then determine the formal solution
for the stock of foreign assets.

Derivation of the Current Account Equation

Using the definition of lump-sum transfer Z given by (8), and substituting the market clearing
condition for non traded goods (10) into (3) yields:

B = r*B(t)+REK(t) + WAL(t) — P (1+7°) C(t) — P(t)I(t) + Z,
= "B+ (R*K+WFL)-PcC-P (YMN —oN —GN> :

Using the fact that LT + LY = L, KT + KV = K, the dynamic equation for the current account
can be rewritten as follows:

N
B = B+ [WFLT + (RF) KT + [WFILN + (R® + 6x) K] - PY7 -CcT-G7,
= rB+Y"T-Cc" -G,

where the overall variable cost W LY 4+ REKY in the non traded sector and output net of fixed
cost in that sector, i. e. PY— = PZN | cancel each other.%?

Formal Solution for the Stock of Foreign Assets

We now derive the formal solution for the stock of foreign assets. Inserting first the short-run
static solutions for consumption in tradables given by (43) and output in the traded sector given by
(51) into the current account dynamic equation (13) and linearizing around the steady-state yields:

B(t) = r* (B(t) - B) e (K(t) . K) | ey (P(t) - 15) . (76)
where C% is given by (44b).

Inserting general solutions for K (¢) and P(t) given by egs. (67), the solution for the stock of
foreign assets is:

2 2
B(t) = r* (B(t) - B) +YES Bient + [YE — CF] Y. Buwie. (77)
1=1 1=1

Solving the differential equation leads to:

B(t) - B = [(BO - B) — &8 — @232} ¢t 4+ &y Biet + By Boet, (78)

“9Tn the traded sector which is perfectly competitive, we have : Y7 = F LT + REKT = wF LT + REKT.
Instead, in the non traded sector which is imperfectly competitive we have: pZ~ = P%LN + PH—#K KV or
PuzZ¥ = PYYN = Ph LN + Phpy KN = WFLYN + RE KN,
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where )
Ni  _Yi+[YE - Chluw)

(I)izl/-fr* v; —1r*
1 K

, =12 (79)

Invoking the transversality condition for intertemporal solvency, the terms in brackets of equa-
tion (78) must be null and which implies By = 0. We get the linearized version of the nation’s
intertemporal budget constraint:

By— B =0, (Ko—f(). (80)

The stable solution for net foreign assets finally reduces to:

B(t) - B =, (K(t) - K) . (81)
Case kN > k7
Ny = Yg+(Yp —CF)uwy,
~ 1 ~ ~ o~ ~
o {1 + 5—2 [och — o LET (vy + 0k) A” >0, (82a)
V2

Ny = Yi+ (Y2 —C})ws, (82h)
= Yt =Py <o, (82c)

where (82¢) follows from the fact that w3 = 0. We made use of property (54a) together with the fact
~ N ~~ ~
that CL = PoCp—pCH to compute YL —CL = —P (Yl—f - C’g) —PcCp—orLkT (v +6x) A 2 0.

Since it is equal to Vljiil“, ®, is given by:
~ wl ~ ~~ ~
O, =P {1 & [aCcN — o LET (s + 0k) A} } (83)
PV2
and &, = V;E* —

The sign of ®; is ambiguous and reflects the impact of the capital accumulation on the net
foreign assets accumulation along a stable transitional path:

B(t) = &, K (t).

where K (t) = v1B1e”t. TFollowing empirical evidence suggesting that the current account and
investment are negatively correlated (see e. g. Glick and Rogoff [1995]), we will impose thereafter:

Assumption 1 ®; < 0 which implies that N1 > 0.

Hence, we impose the following condition when &V > k7
wai ~ - ~
Vo > —?2 O'CcN —O’LLkT (1/2 +§K) A:| . (84)

For all parametrization, the inequality above holds.
Case kT > kN

Ni = Yg+(Yp —Cph)uws,
= Y& =Pur>0, (85a)
Ny = Yi+ (YE—Ch)ws,
~ 2 ~ ~ o~ ~
- Py {1 n ];’—2 [UcCN — oL LET (n + 61) A} } <0, (85b)
vy

where (86) follows from the fact that wi = 0. We made use of property (54a) together with
~ N ~~
CL = PcCp — PCY to compute Y2 — CL = —-P (YTP - Cﬁ) — PcCp — o LkT (11 + 6K) 2 0.

Hence, &, = Vljilr* = _P. Furthermore, since it is equal to Vzlfii,*, ®, is given by:
~ w2 ~ ~~ ~
By — P {1 + 5 [aCcN — o LET (1n + 61) A} } : (86)
41
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D Savings

D.1 Formal Solution for Financial Wealth
The law of motion for financial wealth (S(t) = A(t)) is given by:
Aty =r*A@t)+ W (P8, n) 1 — 7T + 77k L (N, P75 7)) =P (P) (1 + 7€) C (N, P, 7°) + Z,

with Z = 7¢PcC + [(tH + 7F)w — 78k L — GT — PGV. 0
The linearized version of (87) is
Aty =+ (A(t) - A) + M, (P(t) - 15) , (88)
with M given by
My = (WeL+WLp) (1+7F) = (CV + PoCp +GV)
= (17" Iwp (14 Rar) = [6Y (1= 00) + GV,
= —{K(n+80) + [0, LART (1o + 61) = 0cCV |} < 0. (89)

From the second line of (89), if o < 1 as empirical studies suggest, then the term in square brackets
is positive and M is negative. The last line has been computed by using the fact that L = LY + LT

and K = kTLT + EN LY which allows to simplify l% [Y’N + LkT (vy + 0k) ,u] to K (15 + 0k).
The general solution for the stock of financial wealth is:
M1w2

1/1—7‘

M1w2

1/1—7’

A(t):/i-l-l:(Ao—A)— B] et 4 Bie (90)
where we used the fact that w3 = 0.
Invoking the transversality condition, we obtain the stable solution for financial wealth:

Alty=A Byet 91
()= A+ L et (91)
and the intertemporal solvency condition
~ Miwd /-
A Ay = 142 (K - KO) . (92)
vy —r

D.2 Steady-State and Dynamic Effects of Tax Changes
Differentiating (92) w.r.t. 77 (j = F, H), long-term changes of financial wealth are given by:

;ﬁ - “If (Kug oLk vy — JCcN) jfi (93)
Differentiating (91) w.r.t. 7€ and 77 (j = F, H), gives the dynamics for savings:
S(t) = A(t)=uwn V]Yl_wi Fd Cenit >0, (94a)
S(t) = A(t)=uwn fl_wf* @d et <0, j=FH, (94D)
where dBTlc = ((iiK < 0 and C{Bl = gK > 0 as it is shown in the next section.

E Long-Run Effects of Labor and Consumption Tax Changes

In this section, we calculate formal expressions of steady-state changes. For clarity purpose, we
assume that dx = 0 since it does not modify qualitatively the long-run effects of tax policies. This
assumption will be relaxed in numerical analysis. We totally differentiate the steady-state which
yields in a matrix form:

% 0 0 0 1P 0
v N vy vy N % Y% ok YN wm N q.C
T CP) i e m6) 0 (ig = b dTF T dTH N C?Cch
(YE-cL) YI (YI-c%) \ —Yopdr? = Yodr? + Clodr
P P K A A dB
0 — 3, 0 1 0
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The determinant denoted by D of the matrix of coefficients is given by:

I I

N (yN
D= hikkp {YK (V7 -

YN
cl) - <; —0§V> [Y,§+r*<1>1]}

(96)

We have to consider two cases, depending on wether the non traded sector is more or less capital

intensive than the traded sector:

D — ””;2( LW L+acPcO>
140 %) P73 ~

D = —— (O’WL+UPC)+
PA{ L cPe

case kN > kT,

where we used the fact that and ufkN —PhkT = uWF (k:N —
=WFif kN > k7.

WFEif T > kN or —P (kNy1 + kTVQ)
Useful Expressions

case kT > kYN,

* 1

We have computed these useful expressions:
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GEE)
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If kY > kT, useful expressions (105) become:

N
ﬁYXT _ YEYL —
]

PLYE — (1 —ac) PCTK =

—C’g —

T _ _pYY
where we used the fact that Yp = —P=

to rewrite Y2 — CL (see (99h)).

fPWQTL (kN kT)

—Pe [v2 — acr’] <0,

I 7 S S

Ph
+ UcéN
~T
) +o00—=

0,

—% [UL[N]CTVQ — UCC'N] < 0,

—% [UL[N/Plszyl — UCCN'T} >0

Cfcpcé

A0 2
] I S
—Pyll/QO'LLm (k
),
—PulugaLL

(UCC’N — O'LLAk‘TI/2> - P (

95

ac) +rac] <0,

—IET) >0,

(i =7) >0

N

Yy
£ _cl
I

(97a)

] <océ’N — ULD;Tm) (ocC’N - ULINJCTVQZ\) } (97(53)

Vg V3

k™) together with —P (kN vy + kTvy) =

(98a)

(98b)

(98¢)

(98d)

(99a)
(99b)
(99¢)
(99d)
(99e)

(99¢)

(99g)

(99h)
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If kT > k™, useful expressions (105) become:

N
LIJ(VYS\T _YEYL
w
PLYg — (1 —ac) PoYy
N
o oN
X
1
T _ AT
vT — 1

YN
LC;’“ _ ygci\’c
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YIT(“YLA; _ LIJ(VYTT;
"

YE - CF

YE 41,

5 oL (zp N
PVlllgij\ (k’ k ) <0,
—Pco [v1 — acr’] > 0,
1 - -
~3 <ULLkTV1 — UCCN) > 0,
—l [0 LPkNuy — o GT} =0
Y L 2 C < Y,

Ucpcé

m [—v1 (1 — ac) + reac] >0,

D T A 7.T .N
PI/lI/QO'LLm (k —k ) < O,

N

~ . - (Y,
(UCCN — ULLAkTul) - P <P - Cg

H
—pyl.
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(100a)
(100D)

(100c)
(100d)
(100e)
(100f)

(100g)

(100h)

E.1 Long-Run Effects of an Unanticipated Permanent Consumption Tax

Change

Case £V > kT

ﬁ _ UcéO'Li/
dr¢ A(1+79)
£ o UcpcéO'Lz/
dr¢ 14 7¢
A [ocAPoC 1
dr¢ 1+7¢ ) A

*
s T
Wt — kT —w]

1 * 1
Z |:1+OlCT (j}2

* 1
[Hacr ws

O'C_PcéO'LZ/

%)

V3 PV2

V2Pl/2

1
dr¢ o \1+7C¢

B dK

el o,
dr¢ YarsC >0,

where A = [(ULWFf, + UCPCC') +

to be positive.
Case k7 > kN

r*
v2

1
Wa

v2

A

(oeC™ - aLmyzA)] <

<JCCN —O'LEkTI/QA):| <

0,
(ceC™ - JLWW&)} <0,
0,

) [acINchl —(1-ac) ];ITVQ} <0,

(101a)

(101D)

(101c)

(101d)

(101e)

(aCéN —O'L.Z/];TVQ) (JCC’N _O‘L.Z/];TVQ/N\)} is assumed

dC . ( 1 ) ocCorWEL <0
dr¢ 1+7¢ O’LVVFE#»O'Cpcé ’
dL 1 ocPcCorL

7 - c 7 =] <0
dr 147 O’LWFL+O'Cpcc

dX - 1 PoC

- X C) _Jec _| <o,
dr 147 ot WF¥L +ocPcC

UcpcéO'LIN/

==
i 1(1

dr¢ 1

dB . dK
— = —P— >0
dr¢ 70 -

1+ Tc) <0’LV~VFZ +o0cPcC

(102a)

(102b)

(102¢)

)(acﬂﬁe—(l—a@)kﬁq)<o7 (102d)

(102e)

E.2 Long-Run Effects of an Unanticipated Permanent Change in Payroll

Taxes

Case kN > kT
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% = —oc ~UZE(1J?TF) {VT/F _ %Tr*f (aCéN _ aLikTVQI\)] <0, (103a)
% = jf@fﬁ) {o—cPcé + ;“ljf (UCON — oLikTVQA) aCéN} <0, (103b)
ddT—XF = Z\"Zi(lfTF) [WF - %Tr*‘:f (sl — aLZkTVQZ\)} <0, (103c)
% = CZVI;(l_fTF)acPcé [acl;qu —(1-ac) ];TVQ:I <0, (103d)
;Ti = @1% >0, (103e)

Case kT > kN

dé ~O‘L[~/ /~\ WF

F _UCCTm ) (104a)
% = —sz’(lfF)ocPc@, (104b)
% = S\UZEUETF)T>O, (104c)
jfw = ’ZAE(IETF)UCPCC[acléNuz—a—ac)l%Tul}<0, (104d)
(?Tli = —15:;7[1>07 (104e)

where we let A = ULVT/FE—HTCPCC' and we used the fact that — P (l/li;}T + VQ]%N) =P (ﬁ — hkch) =
WF.

E.3 Long-Run Effects of an Unanticipated Permanent Progressive Wage
Tax Change

Case kN > kT

;SI — _”CCJZEW [WF - /;Tr*jf (JCCN — aLEkTVQA)} <0, (105a)
(i’:;{ _ _"ZEW {acpcé n ;“f (océN - o—L/ikTVQZ\) JCCN} <0, (105b)
% - A?(WW;K) [VT/F _ zz»Tr*‘;’f (0 - aLik%J\)] <0, (105¢)
% = ﬁacpcé(ﬁ;vﬁ) [aC/;Nul —(1-ag) i%Tuz} <0, (105d)
R (105¢)

w(1—rH ~
where we used the fact that % =A.
case kT > kN
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ac i (W=k)

o = e <o (106a)
;ﬁ; = _"ZEWJCPCC<0, (106b)
L - x‘f%ﬁwm (106¢)
(‘;TL;{{ = ‘V’imacpcé [acl;:Nugf(lfac)lz:Tul <0, (106d)

where we set A = o, WFL + o0 PoC.

E.4 Useful Properties

We denote by X the macroeconomic aggregates C, L, K, N X. Inspection of long-run changes shows
that, regardless of sectoral capital intensities, we have the following useful properties;
d)~(_ 1 1+7Fdx dX_l—FTFW—IidX
dr¢  1+7¢ A drfF’ drHE T} wAa drf’

(107a)

E.5 Rewriting the Long-Run Effects

In this subsection, we rewrite expressions of steady-state changes following a labor tax cut, i.e. after
a drop in 77 (j = F, H) when the traded sector is more capital intensive than the non traded sector.
It is useful to introduce some notations:

drf drf
AP AH _
1+ .07 1_ 2 (108a)
1— +HY W W -k (1—TH)
O<AF5¥<1, 0<AHE( ) —1- - <1, (108b)
WA WA WA
S
~ L
0<é= oLV 1, (108¢)

— = <
ot WFL +o0cPcoC

where we used the fact that W (1—71) = W4 — 7k to determine (108b).

Case kT > kN

Denoting by a hat the percentage deviation relative to initial steady-state, the change in the
shadow value of wealth following a labor tax cut is:

A= N¢ér <0, j=FH, (109)

where A€ < 1.
The change in labor following a labor tax cut is:

L=—oiN (1—5) >0, j=FH, (110)

where A7 (1 - é) < 1.
The change in the capital stock following a labor tax cut is:

dic = TEL pd (1 - é) [acléNVQ —(1-ac) %Tul} >0, j=FH, (111)

vy

where A7 (1 — 5) < 1and {Ckc];NI/Q —(I—-ac) /~€TI/1} > 0.
Remembering that the relative price of non tradables remains unaffec‘ped in the long-run, and
using the fact that df/|]’c = (Yfg + %Y]J(V) df(‘gc + (YLT + %YLN) df/’j’c together with V£ +

gY}]{V = Pr* and YE + %Yff\' = WF, the change in aggregate output following a labor tax cut is:

Y — (1—BL)I%+BL£ >0, (112)
where (1 — BL) = ﬁ”;k and BL = Wéi are the shares of capital and labor income in GDP,

respectively.
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E.6 Inelastic Labor Supply Case: o, =0

To get further insight about the transmission mechanism, we derive the long-run effects when labor
supply is inelastic, i.e. we set o = 0.

Long-Run Effects of an Unanticipated Permanent Consumption Tax Change

Set o7, = 0 into (101) or (102), we get:

dC dL dP dK dB

dr¢ dr¢ dr¢ dr¢ dr© 0, (113a)
dX A
AN AN 11
dr¢ (14 7°) (113b)

From (113a)-(113b), the elasticity of the marginal utility of wealth is equal to unity in absolute
terms and the long-run levels of variables remain unaffected. A rise in consumption tax raises the
marginal cost of current consumption. Since the trade-off between labor and leisure turns out to be
irrelevant, total employment remains fixed such that X must fall by the same proportion than the
rise in 7¢ thus leaving unaffected real consumption as the taz effect and the wealth effect cancel
each other. Since demand for non tradables and tradables remain unaffected, capital stock and net
foreign assets must not change for investment and the current account to be zero in the long-run.
As the capital stock remains unchanged in the long-run, dynamics degenerate.

Long-Run Effects of an Unanticipated Permanent Change in Payroll Taxes

Set oz, = 0 into (103) or (104), we get:

¢ dL _dA _dP _dK _dB _ (114a)
drF drF T drF AP drF T drF 7

dw W

dr¥ (I+7F) ( )

From (114a)-(114b), a fall in 7 leaves unchanged the steady-state levels of variables, and more
importantly does no longer induce a wealth effect. The explanation is that whenever the trade-off
between labor and leisure turns out to be irrelevant, total employment remains fixed. To insure
that equality of sectoral labor marginal products holds, the wage must rise by the same proportion
than the fall in the payroll tax. As the capital stock remains unchanged in the long-run, dynamics
degenerate. In words, if labor is fixed, a change in the tax on wage paid by producers induces solely
a tax effect on the wage rate.

F The Two-Step Procedure: Wealth Effect and Tax Effects

By analytical convenience, we rewrite the system of steady-state equations, assuming that dx = 0:

NI
%YN (f( P,X,TF,TH) _cN (X,ﬁ,fc) —aN=o, (115b)
P»B+YT (K,IB,XTF,TH> -cT (5\,15,70) —-GT =0, (115¢)

together with the intertemporal solvency condition
(BfBT) N (I?fK;r). (115d)

where Ky and By correspond to the initially predetermined stocks of physical capital and foreign
assets, the open economy starting from an initial steady-state at time 7. If the fiscal shock is
permanent, then 7 = 0.

Derivation of Steady-State Functions

In a first step, we solve the system (115a)-(115¢) for P, K and B as functions of the marginal
utility of wealth, ), the tax rates on consumption and labor together with the mark-up. Totally
differentiating equations (115a)-(115¢) yields in matrix form:

?}kkkg ON 0 d[:)
Wo-Cp) 0 || dE
VF—cFf i e )\ aB
YN
. A .
_ Ys N Y Y Y N
= —(f—cg) A\ +CNdr? — =Edrf — =Edr - ;—’;2) dp |, (116)

- (Y;\T - C;\T) d\ + Cfcdrc - Yf}dTF — YTTHdTH — Yqu,u

29



where we used the fact that uf = P [h — hy (k:N — k:T)] and %’” = r* at the steady-state to rewrite
* N h _ ﬁ
r* — hiik, as Ay e
The equilibrium value of the marginal utility of wealth ), tax rates (i.e., 7¢, 77, 71) and the
markup p determine the following steady-state values:

P = P, (1172)
K = K (S\,TC,TF,TH,M), (117b)
B = B<_,TC,TF, H,,u), (117c¢)
with partial derivatives given by:
0K 11 N cor i 1T < N
Ki=3r = 1o (0eCN = oL LE v ) >0 it KT > kY, (118a)
_ Lt <GCC'N - ULI:J;?TW) >0 if KV > &, (118b)
/\ Vg
7_855 B 11 FAN | LAT inf
Bi=% = —yor [oo (FE¥ +RCT) + k] <o, (118¢)
and
K :% _ 1 ﬂ >0 if KT > kN (119a)
= 87‘C n 141 1 +TC ’
1 UcéN . N T
= —— | =—— 0 if k k 119b
Vs <1+TC> =0 s ( )
OB oc (pC'NV2—éTV1) T N
B.o=— = if k k 11
¢ T 97C vir* (14 79) <0 o e
oc (PCVyy = CTuy ) s
= 0, if k& k 119d
vor* (1 +7¢) R e ( )
and
a[}' O'Li/ T
Kr=— = - 1
= kT <0, (120a)
OB f ULZ/
™= 9rF r1+7F 0 (1200)
and
- oK orL T
K=o = 1o gk’ <0, (121a)
OB f oLl
Bau=22 _ L 121
™ orH 11—l 0 (121b)
and
P P PYY P,
P=" = K _ TPl if kTSN, 122a
" op popYyE fiva e
P
= 2250, if KV >, (122b)
pn
oK P vy vy
K,=—~—— = P _yoN <0, if k' >EVN, 122
1 8M s |: " 141 P:| -+ M2V1 s U, 1 ( C)
= —— —(Cp | +——=s0, if k" >k, 122d
[ [ T BT e
OB P [~ (YN =57 v 5 LNf
B,=— = —— |p(=2—_¢C¥ LAK v — ZLocCN >
M 8,u L |: < 0 v CP> + (O’L 171 T*UCC ) + /J/I“* < 0,
it kT > kN (122e)
P (YN P - LNy
_ P [p (Pr _ cg) + (oL LAR v, - ”fach)} s,
JZ HoV2 r Hr
it kN> kT (122f)
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where we used the fact that hypk = —%Y?{? to derive the first equality of (122a). In addition, we

made use of the following property Y, = —ngﬁV and Y, = —ng to determine (122¢)-(122d) and
(122e)-(122f). Finally, use has been made of property (54a) to rewrite Y2 — C% and property (54b)
to simplify pYE + pYA which is equal to Ppr* in the long-run.

Since the change in the markup modifies the long-run levels of real consumption and labor
supply through the steady-state change in the relative price of non tradables, it is convenient to
write their steady-state functions by substituting (117a) into their static solutions (41) that hold in
the long-run:

C:m(/_\,TC,,u), L:n(/_\,TF,TH,u), (123)

where partial derivatives are given by (42) evaluated at the steady-state (that’s why we substitute
respectively the notations m and n for ¢ and L) and

mo=29 — acee@l <o, it KT > kY, (124a)
o V2
= aCUCC’Q < 0, if kN > kT, (124b)
4
L LAET Ph Pr*
no= 0l _ _oelRRTPREe (1210)
ol wrE  f o ou?

where partial derivatives w. r.t. to A, 7¢, 7, and 7 are given by (42); we computed (124c) as
oL LAET PYR pr*
WFE  pYg p
Following the same procedure, i. e. substituting the steady-state function for the real exchange
rate into the static solution for wage evaluated at the steady-state, the steady-state function for the
wage rate is:

follows: n,, =

wW=w (", u), (125)
where the partial derivative w. r. t. pu is given by:
oW kT Ph Pr*
ou L+78 f p?
- Py N &5 . . N ;
where W, = %i?g P[L with % = —% < 0.

Finally, following a similar procedure, we can express the rental rate of physical capital as a
function of 7 and pu:
R™ = R" (n), (127)

where the partial derivative w. r. t. p is given by:

ok Py,
RE = — S0 if BT S EN 128
" au r 0 >0, 1 > 5 ( )
ork P
rE = 2 D2 o0 i kN ST (129)
H ou JIR 2

and the partial derivative w. r. t. 71 is given by (48b).

G Long-Term Effects of Revenue-Neutral Tax Reforms

In this section, we derive the steady-state effects of a shift of the tax burden from labor to consump-
tion. Since we consider a revenue-neutral tax reform, the consumption tax must change accordingly
to balance the budget after a labor tax cut. To derive the direction and the size of the change
in the consumption tax, we first substitute short-run static solutions for consumption, wage and
labor given by (41) and (47), into the balanced government budget constraint (8) evaluated at the
steady-state:

¢ Po (15) C (S\,p,rc) + [(TF + TH) W (P, TF> - THIQ:| L (;\,f’, TF,TH) =Z, (130)

keeping in mind that the long-run value of the real exchange rate is unaffected by fiscal tax changes
and A = \ (TC,TF,TH).

In deriving the long-run effects of revenue-neutral tax reforms, we concentrate on the case
kT > kN since we cannot determine the sign of formal expressions when &V > k”. However, as
shown by numerical results, the long-run effects are both qualitatively and quantitatively similar
whether kT = kN,
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G.1 Steady-State Changes: A Shift from Payroll Taxes to Consumption
Taxes

In this section, we estimate the long-run effects of a shift from a payroll tax 77" to a consumption tax
7¢, which is adjusted accordingly to balance the government budget. Additionally, we assume that
taxes on labor income are progressive so that £ > 0 and A < 1. To avoid confusion, we denote by
’j’c the effects of the tax reform which involves simultaneously cutting the tax j = F' and increasing
the tax & = ¢ so as to keep the government budget balanced. In brief, the tax reform strategy
involves simultaneously cutting the payroll tax by drf < 0 and increasing the consumption tax
dr¢|f¢ > 0.

Holding 77 constant, we differentiate (130)

PeCdrC|"™ 4 rOPcal|" 4 [(7F 4 7 Wor 4 W] ar 4 (WF = WA) L™ =0, (131)
with [(TF +7HYW,or + W} =W (ﬁj:p{) > 0.

We denote by X the aggregate C,L, K, NX. By using the fact that d)~(|F’C = %dTF +
dx 4r C‘ , and by rearranging terms, we can determine the size of the rise in the consumption

d-c
tax rate 7 ’ B after a fall in the payroll tax 7% such that the government budget constraint (130)
remains balanced:

c|F.C XF | F CPC dc ( WA) dLF + (i:r:;[) Wi F
GO Xegr i —bar 132)
e TCPC {8+ (Wr-wa) 4L + poC

where analytical expressions of xr and y¢ are shown below.
We first compute x* which reflects two opposite effects on tax revenues. Whereas a labor
tax cut lowers tax revenue, keeping unchanged consumption and employment, a labor tax cut raises

s F)WL* A WAL,
and by substituting the long-run changes of L and C' (see eqs (104a) and (104b)), xr is given by:

¢ + (Wﬂ } (133)

where 0 < 5 < 1is given by (108c). As long as tax rates take reasonable values and the elasticity of
labor supply (i.e., o7) is not too large, x¥ is positive. Hence, a labor tax cut leads to a fall in tax
revenue, and more so the smaller o7 and the lower the tax rates.

The same logic applies to a change in the consumption tax. Substituting long-run changes of C'
and L given by egs. (102a) and (102b), x“ is given by:

T A
C_ PCC' {1 — ‘(1 j_c;_c)g 7° + (WFWFW >] } s (134)

where 0 < € < 11is given by (108c). As long as tax rates take reasonable values and the intertemporal
elasticity of substitution for consumption (i.e., o¢) is smaller than one, x© is positive. Hence, a rise
in consumption tax leads to a rise in tax revenue, and more so the smaller o and the lower the tax
rates.

Aslong as o, oc, T, 77, 7€ take reasonable values, " and x¢ are positive. Hence, according

0 (132), a labor tax cut leads to a rise in the consumption tax. As shown in Panel B of Table 1, a
labor tax cut induces a rise in the consumption tax for all scenarios.

Since the consumption tax increases, we cannot exclude that macroeconomic variables decline
after a shift of the tax burden from labor to consumption. We show below that changes in aggregates
following a tax reform are simply a scaled-down version of the changes after a labor tax cut associated
with a fall in lump-sum transfer. The long-run change of a shift of the tax burden from labor to
consumption is equal to the sum of the impact of the labor tax cut by drf < 0 financed by a

g)f; dr¥) and the effect triggered by a change in the consumption tax by

employment and consumption, and thereby tax revenues. By noting that (

A - WF B
F _ HIA _ _
A L{l ULW~A(1 5)

lump-sum transfer (i.e.,
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chljlq If k7 > kN, the long-run effects are:

AN = Awdr? 4 Aedr€",
|z A (1_5) X" F
= A €(1+7'F) + 1170710 dr* <0, (135a)
~ \F.C 0X F 0X c c|F.C
dx = Sl + omdr N edr|
X PcC WAL
= - - - drf >0, (135b)
ot xc PoC (14 79)

where d7F" < 0 and ¥ > 0, x¢ > 0. To derive (135a), we substituted eqs. (102c) and (104c). To

determine (135b), we used the fact that gfg = gﬁ }i:c <+ and substituted (132), by remembering

that xo = 220 1 [yr — 25 WALl + PoC.

According to (135a), a labor tax cut 1nduces unambiguously a decline in the marginal utility of
wealth since both a fall in 7" and a rise in 7¢ produce a drop in A. According to eq. (135b), a shift
of the tax burden from labor to consumption ralbeb unambiguously macroeconomic aggregates (i.e.,

CLKNX)aslongasx >Oand0<m

if oc < 1 and tax rates take initially reasonable values. The latter condition is fulfilled as long as
r*A+4 Z > 0 since it implies that WAL < PoC (l + TC). Hence, if the representative household
is a net creditor (i.e., A> 0), the consumption tax base is higher than the labor tax base so that
the rise in 7¢ necessary to balance the government budget is smaller than the decline in the labor
tax cut. Finally, while 7¢ increases to balance the government budget following the labor tax cut,
the tax reform produces an expansion of macroeconomic aggregates. Hence, the long-run change of
X =C,L,K, NX following a tax reform is simply a scaled-down version of the long-term change of
the aggregate X after a labor tax cut financed by a fall in lump-sum transfer. More formally, we
have:

< 1. The former condition is easily fulﬁlled

- FC _ xF.C 0X F
x| =9 —aTFdT : (136)
F.C _ PcC |4 WAL F c i
where 0 < ¢ = XCC 1 Pcé(1+rc)l < 1 as long as x* > 0, x® >0, and A > 0. Eq. (136)

corresponds to eq. (21) in the text.

G.2 Steady-State Changes: A Shift from Progressive Wage Taxes to Con-
sumption Taxes

In this section, we now estimate the long-run effects of a shift from a progressive wage tax 7 to a
consumption tax 7¢, which is adjusted accordingly to balance the government budget. Note that
the tax scheme is progressive as long as k > 0 so that A < 1. To avoid confusion, we denote by the

superscript the effects of a tax reform which involves simultaneously cutting the progressive
wage tax 71 and increasing the consumption tax 7¢ so as to balance the government budget.
Differentiating (130), keeping 7" unchanged, yields the change in the consumption tax:

dé o (yirF _jira) dL i i
dr¢| e = X gpH — e + (WF - WA) d + (W - K> - drf. (137)
Xo TCPc S+ (WF — WA) 4L 4 poC

where ¢ is given by (134) and g can be written as follows:
iF

XH(VVK){laLgA (1-¢) Tc+<w>” (138)

where we have substituted the long-run changes of L and C' (see eqs (106a) and (106b)) to derive
(138); 0 < € < 1 is given by (108¢c); x*! reflects two conflictory effects on tax revenues. Whereas
a labor tax cut lowers tax revenue, keeping unchanged consumption and employment, a labor tax
cut raises employment and consumption, and thereby tax revenues. As for x', as long as tax rates
take reasonable values and the elasticity of labor supply (i.e., o7) is not too large, x* is positive.
Hence, a cut in progressive wage taxes leads to a fall in tax revenue, and more so the smaller oy,
and the lower the tax rates. Since x¢ and ! are both positive for reasonable values of parameters
(i.e., o¢ and o) and tax rates, the consumption tax must increase to balance the budget following
a cut in progressive wage taxes.
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Since the consumption tax increases, we cannot exclude that macroeconomic variables decline
after a shift of the tax burden from labor to consumption. We show below that changes in aggregates
following a tax reform are simply a scaled-down version of the changes after a labor tax cut associated
with a fall in lump-sum transfer. We denote by X the aggregates C, L, K, NX. The long-run effect
of a shift of the tax burden from labor to consumption is equal to the sum of the impact of the

labor tax cut by d7 < 0 financed by a lump-sum transfer (i.e., gfﬁ, drf) and the effect triggered

by a change in the consumption tax by dTC’j’C. If k7 > k¥, the long-run effects are:

A" = amdr® + 2 edrCe

e (W=k (1_5) X H
= A §< A >+(1+TC)XC dr™ <0, (139a)

5 |H,C 0X . 5 0X . oiHe

dX|" = —=dr Scdm |
g i7"+ 5o
0X P-C

ot ¢

WAL
Pcé (1 + Tc)

drH, (139b)

where d7f < 0 and x# > 0, x¢ > 0. To derive (139a), we substituted eqs. (102c) and (106c).

To determine (139b), , we used the fact that (,?T—X; = gﬁ, 1+ITC (VII//T/:‘H) and substituted (137), by

remembering that yo = ﬁ (%) [XH — (W — Ii) L] + PcC.

According to (139a), a cut in progressive wage taxes induces unambiguously a decline in the
marginal utility of wealth since both a fall in 7% and a rise in 7¢ produce a drop in A. According to
eq. (139b), a shift of the tax burden from labor to consumption raises unambiguously macroeconomic

aggregates (i.e., C,L, K, NX) as long as x > 0 and 0 < %
the former condition is fulfilled if o < 1 and tax rates take initially reasonable values. The latter
condition is fulfilled as long as r* A+ Z > 0 since it implies that WAL < PoC (1 + TC). Hence, if the
representative household is a net creditor (i.e., A> 0), the consumption tax base is higher than the
labor tax base so that the rise in 7¢ necessary to balance the government budget is smaller than the
decline in the labor tax cut. Finally, while 7¢ increases to balance the government budget following
the labor tax cut, the tax reform produces an expansion of macroeconomic aggregates. Hence, the
long-run change of X = C, L, K, NX following a tax reform is simply a scaled-down version of the
long-term change of the aggregate X after a labor tax cut financed by a fall in lump-sum transfer.
More formally, we have:

< 1. As stressed previously,

~ \H,C H.C 0X I
dx|" =9 aTHdT , (140)

where ®7:¢ < 1 as long as " >0, x“ > 0, and A>0.

G.3 Derivation of Formal Expressions in the Text

Having determined the long-run effects of a revenue-neutral tax reform which involves a tax cut in
payroll taxes or in progressive wage taxes coordinated with a rise in the consumption tax so as to
balance the government budget, we present below the main steps to derive expressions in the text.

We denote by the superscript | the effects of a fall in the labor tax by dr? < 0 (j = F, H)
coordinated with a rise in the consumption tax rate by dTC|]’C which is endogenously determined
so as the government budget constraint is met. Assuming that the stock of financial wealth plus
transfers is positive, the labor tax base is smaller than the consumption tax base. Hence, 7¢ must
increase less than the drop in labor tax to balance the budget. As a result, denoting by X the
macroeconomic aggregates C, L, K, NX, the long-term effect of a tax reform is simply a scaled-
down version of the long-term change in the aggregate X after a labor tax cut financed by a fall in
lump-sum transfer. This point is formalized below.

To start with, we rewrite the change in the consumption tax by denoting I'“ = x“ (1 + 7¢)

and TV = (1:|:Tj):

7A_c|j,C:_Fj__AjWAE{10L2//Z( g [ < WI‘YVA)}}%]'>O’ (141)

] (e o =

N Fo H 1—rYW
where 7 = S:TF,TH: STTH,andvvesetO<AFE%<17 andO<AH51—V~[’;A

Eq. (141) corresponds to eq. (19) in the text.

< 1.
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The long-term change in the aggregate X = C, L, K, NX following a shift of the tax burden
from labor to consumption is equal to the sum of the expansionary impact of the labor tax cut by

dr? < 0 (j = F, H) financed by a lump-sum transfer (i.e., gﬁi dr? > 0) and the recessionary effect

C|j,C (ie., arcd C|j ¢~ 0). Hence, we have:

triggered by the rise in the consumption tax by dr

’] ,C 57’] X %C‘],C
73
Using the fact that = X = Ai):( J and substituting (141), keeping in mind that ' = [F] WAL}
PoC (1 + 7 ), ylelds:
I X
XV’ = ¢3¢ ]Tﬂ >0, j=FH, (142)
where 0 < /¢ = F;fcé {1 %} < 1. Eq. (142) corresponds to eq. (21) in the text.
Denoting by 0 < f = % < 1, and denoting by a hat the percentage deviation of
[ ) o

the aggregate from its initial steady-state value, (135a) and (139a) can be reduced to:
M7C =N - (1 - é) P <0, j=FH (143)
where 7 x 79 > 0. Eq. (143) corresponds to eq. (20) in the text.

Combining (110) and (142) yields the long-run change in labor following a revenue-neutral tax
reform:

C‘L

LY = —ar JLA7( 5) >0, j=FH. (144)

Eq. (144) corresponds to eq. (22) in the text.
Combining (111) and (142) yields the long-run change in the capital stock following a revenue-
neutral tax reform:

_ . L . - - . ,
Ak = T2y (1-€) [ack¥vs = (1= ac)kw | # >0, j=FH,  (145)
1

Eq. (145) corresponds to eq. (23) in the text.
Combining (112) and (142) yields the long-run change in GDP following a revenue-neutral tax

reform: . L
e (1 3 ) K"+ 3L >0, (146)

Eq. (146) corresponds to eq. (24) in the text. To derive (146), we used the fact that YT =
YT (K,L,P) and YV = YV (K, L, P); differentiating ¥ = Y7 + (P/p) Y™ yields: df/|J’C =
2 = 15,C 5 ~14.C 2 o . -
(VE+2YN) Ak P+ (V] + 2y} ) dLP where Y + 2V = Pre and Y + 2y = W

H Tax Wedge: Some Definitions

In line with general practice, payroll taxes are assumed to be proportional and wage income taxes
are taken to be progressive. Following Heijdra and Lightart [2009], we define the average tax
wedge as the difference between the producer wage (paid by the firm) and the purchasing power
on consumption goods of after-tax average wage expressed as a percentage of the wage including
payroll taxes:

4 WL(l—i—TF)—[(l—TH)W—FTHK]L
To= WFL ’
(1_7_H)_’_THK
-] <1+7F>W}’ .

where W =W (1 + TF). In addition, we denote by 7™ the marginal tax wedge as the difference
between the producer wage (paid by the firm) and the after-tax marginal wage expressed as a
percentage of the producer cost (i. e. including payroll taxes):

v WLA+7F)-WL(1-7H)
= WFL ’
_H
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The closer to unity 7, the larger the gap between the wage paid by firms and the real wage received
by households.
Using the definition of 7 given by (148), we can rewrite the average tax wedge as follows:

A=l 2 (149)

Finally, we provide a measure of the degree of tax progressiveness by the means of the coefficient of
average tax progression:

F(TF,TH,H,P)ETM*TAzi (150)

where WF =W (1 +TF) with W = w (TF,P).

As the average tax burden 74 rises with the wage rate, the system tax is progressive such that
I'(.) > 0 which holds as long as k > 0. It is worth emphasizing that our approach which defines
the average tax together with the marginal tax wedge by taking into account the wage paid by
the firm allows for “scaling” the tax burden faced by households in terms of firms’ labor cost, the
index of average tax progression being expressed in terms of consumption goods; that’s why we use
the “wedge” label. By abstracting from this “scaling” approach, we would define the marginal and
average tax wedges together with the coefficient of average tax progression as follows : 7 = 7Hw,
A =7rH(W —k)and I' = 7k > 0 (as long as k > 0).

I A Tax reform Keeping Unchanged the Marginal Tax Wedge

In this section, we consider a labor tax strategy which involves simultaneously cutting a payroll tax
by d7¥ < 0 and increasing a progressive wage tax by d7 > 0 so as to leave unchanged the marginal
tax wedge, i. e. d7™ = 0. By making use of (148), the labor tax reform strategy requires a rise in
the wage income tax by the following amount:

1—7H

dTH’F,H = —HdTF, 9 = 1—"_7}7
T

<1 (151)
Eq. (151) corresponds to eq. (27) in the text. According to eq. (151), the progressive wage tax
must be increased by a smaller amount than the fall in 77 so as to leave unchanged the marginal
tax wedge.

Substituting the short-run static solution for the wage rate (47) that holds in the long-run, and
differentiating the coefficient of average tax progression (150) w.r.t. 79 and 7, and then using
(151), we find that the tax reform raises the degree of average tax progression:

R

dr = — 25

odr™ > 0, (152)
where d7¥" < 0 since we considered a fall in payroll taxes. The explanation comes from the fact that
the wage rate is raised by the same proportion than the fall in 7. Consequently, as long as x > 0,
the rise in 7 leads to an increase in T'.

Making use of long-term effects of permanent changes in 7" and 7 and substituting dr*! B
given by (151), we are able to estimate the directions and the sizes of the long-run changes of main
economic variables after a fall in 77 associated with a rise in 77 by an amount that leaves unaffected
7™ We derive below the steady-state effects of a tax reform keeping unchanged the marginal tax
wedge by assuming that the traded sector is more capital intensive than the non traded sector.

If k7 > kN, denoting macroeconomic aggregates C, L, K, NX by X, and denoting by a hat the
percentage deviation from initial steady-state, steady-state changes are given by:

H

>0

‘F,H _ A)\ 7/;F + A)\ 7A_H|F7H

- EAF%%F <0, (153a)

Nl)
Il
>

5 F__AH
_ X (A A >+F, (153b)

= —7 (153c¢)




where 77 < 0 and &, AT and A are given by (108); to get (153b), we used the fact that T);f, = IX—IZTXF

H|F’H = —#F; we used the fact that 2 =A% = £ to get (153c). Eq. (153c) corresponds to

and 7 = =

eq. (28) in the text.

J Dynamic Effects of a Tax Reform

This section estimates the dynamic effects of a tax restructuring. Steady-state changes are those
derived in the previous section where we estimated the long-run variations such that the rise in 7¢
guarantees that the balanced condition for the government holds. Note that the change of the tax
scheme can be viewed as an unanticipated permanent tax shock.

The stable adjustment of the economy is described by a saddle-path in (K, P)-space. The capital
stock, the real exchange rate, and the stock of traded bonds evolve according to:

K({t) = K+ Byet, (154a)
P(t) = P4 wiBet, (154b)
B(t) = B+ ®Be", (154c)

where wl = 0,8, = —P if k7 > EV and with

. - K
Bl - KO - K= 7dK|J’k = 7@']’]6@
T

dr?,
where we made use of the constancy of K at time ¢ =0 (i. e. K is predetermined).

In section F, we show that steady-state values of macroeconomic aggregates can be expressed
as function of the marginal utility of wealth and tax rates. Using (142) and totally differentiating
eq. (117b) yields the steady-state change of the capital stock after a tax shock:

AR |"" = &% (K5, + Kpp) dr, (155)

where the first term on the RHS reflects the impact of the wealth effect on steady-state capital stock
while the second term represents the influence of the tax effect.

J.1 Investment and Current Account

We derive the initial reactions of investment and the current account by abstracting from depre-
ciation of physical capital to avoid uninteresting complications. As previously, we consider that
ET > EN to avoid uninteresting complications.

Differentiating (154a) w.r.t. time, evaluating at time ¢ = 0, and substituting (155), the initial
response of investment is:

0" = —n®* (KA + Kypu)dr,
= &% [N (00O — oy LET) +mo LT # 20, j=FH,  (156)
h ~F _ d+iF ~g _ drf 0 AF _ (1_TH)W 1.0 AH =1 K 1.0 c o
Were:w— s T = 15w, 0 < =A< L0< =l-75 <L 0<¢=
% < 1. Eq. (156) corresponds to eq. (25) in the text.

By using the steady-state change of the capital stock after a labor tax cut given by (104d), we
are able to sign eq. (156):

. . dK .
I(O) |j7k = —@j’kl/l @dTJ,

—®7Fo, L (1 - 5) A [QCZ:NVQ —(1-ac) ETvi|#7,>0, j=F,H, (157)
where 0 < A7 <1and 0 < € < 1.

Differentiating the stable solution for foreign bonds (154¢) w.r.t. time, evaluating at time ¢ = 0,
the initial response of the current account is:

CAO)" = BO)["* = —P1(0)"* <0, j=FH, (158)

where we used the fact that ®; = —P.
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J.2 Labor Share

Before analyzing the short-run distribution effects of a labor tax cut, we investigate the steady-state
change of the labor share. The share of labor income in GDP is defined as follows:

- WFL ")
Bp=e—p—a =Y
WFL+RKK GO+ k

(159)

where RE = Pr*; we denoted by w = WE / RX the wage-interest ratio and by k=K / L the capital-
labor ratio. As long as the relative price of non tradables P is unaffected by the tax shock, the
wage-interest ratio @ remains unaffected. Hence, the labor share movement is driven only by the
capital-labor ratio. Eq. (159) corresponds to eq. (30) in the text.

Differentiating eq. (159), we have:

- - -\ (dL  dK
dBr = Br (1 - ﬁL) <Z 7 ) : (160)
To analyze the distributions effects of a tax reform in the short-run, we have to linearize (3, =
wW(P)(1+77)L(P) . . .50
L b the neighborhood of the steady-state:
- - | (WpP LpP YpP\ VYgK
t) — = Pz R ) B
IR (e R
. PhET ; =\ wl K(t) - K
B [ ot (1= 6)] 2 - B p [ (o)
WF (kN - kT) P K

where we substituted P(t) — P = w} (K(t) - I~()
If k7 > kN, then w = 0. Hence, evaluating (161) at time ¢ = 0 and differentiating yields:

_ -\ dK - -\ dL
dBr(0) =dBr + B (1 - /8L> - Br (1 - ﬂL) Sk 0, (162)
where we used the fact that K is initially predetermined. Hence, a labor tax cut unambiguously
raises the labor share §;, on impact. Eq. (162) corresponds to eq. (31a) in the text.
Differentiating (161) w.r.t. time, we find that capital accumulation lowers unambiguously the
labor share along the transitional path:

BLt) = - (1 - BL> ng) <. (163)

If kN > kT, the initial response of the labor share to a labor tax cut is given by:

B _ P .T ) B 1 %
dgr(0) = dBL+ L WFMI(D;L]]:; - ]%T) [1 + o N (1 — BL)} % +(1-p5) d;{(7
- A (kﬂL) %+ o (f;kN_%T) [1+JLAJ (pm)} w) % >0, (164)

where the sign of (164) is ambiguous. If kY > k7 the first term on the RHS is positive, i.e., the
rise in labor supply exerts a positive impact on the labor share, while the second term is negative,
i.e., the initial appreciation in the relative price of non tradables exerts a negative impact on f3y,.
Eq. (164) corresponds to eq. (31b) in the text.

K Tax Multipliers

In this section, we derive analytical expressions of tax multipliers for overall and sectoral output.

50We have used the short-run static solutions for W, L,Y by abstracting from exogenous variables for
clarity purpose.
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K.1 Tax Multiplier for Overall Output

Long-Run Tax Multiplier
Because overall output denoted by Y is the sum of traded output Y7 and non traded output
measured in terms of the traded good %YN7 using the fact that Y7 = YT (K, L,p) and YV =

YN (K, L,p), remembering that steady-state level of the real exchange rate is unaffected by a tax
reform, the steady-state change of overall output is:

- Py P\ s
v = (Yg + MY}Q’) dK["" + <YLT - MYLN> dL|"",
= PrdK["" + wFALt > 0. (165)

where we use properties (54b) and (54c) to get (165).

Initial Tax Multiplier

Adopting a similar procedure keeping in mind that the capital stock is initially predetermined,
the short-run tax multiplier is:

ik P jk > P j.k
av ()" = <YLT + HYLN> dL(0)["" + (YPT + MY;V> dpP(0)|"",
— wFaro)"* > o, (166)

where we use properties (54c) to get (166); according to property (54a), denoting by a hat the
partial derivative of Y w.1.t. P for given labor, Y2 + %YIJ;V =0;

K.2 Tax Multipliers for Sectoral Outputs

Long-Run Tax Multipliers

EN > kT

We calculate the tax multiplier for traded output by differentiating the short-run static solution
for YT evaluated at the steady-state:

T |55k T 17 |d:k T 37 |J:k ik Tdf( Tdi F
Y| = YEdK|" + YL = o Yo7 +Ye 5|
V1 ULE Anni i F * DLN
- ML PO {(1 —ac)WF + 1Pk }
170} A
~ 1 ~ ~ ~ .
+ ackN22 (ach - CTLLle/QA) }<I>dTJ >0, j=FH, (167)
2
where d77 < 0 since we consider a fall in labor tax 77, ®¥¢ = P%Oé [1 - %} > 0 (with

j = F,H) as long as @ > 0, and " = % > 0. To derive (167), we used the fact that Y =
—]5V11~6N >0, YL = Pul <0, (VQ];T + 1/1/~€N) = _WT?F < 0and v; + vy =1r*.

We calculate the tax multiplier for non-traded output by differentiating the short-run static
solution for YV /i evaluated at the steady-state:

P nu P _ ik P .y : dK YN dL
Zav NPt = Sy ARt 4 Sy NALP "t = ek v S 4 e 2 e,
L 1 m drJ wodrd
L - (- - 1 . - - .
— —UZUCCNTJ{WF - kTr*t—j (UCCN - ULLle/zA) }‘I)dT] >0, (168)

where we used the fact that Y2 = prs > 0 and YV = —&T uvy < 0.

kT > kN

We calculate the tax multiplier for traded output by differentiating the short-run static solution
for YT evaluated at the steady-state:

T |9k T 17-|9:¢ T 17 |9:¢ ik Tdk T drL F
dy = YgdK[""+Y/dL|"" = &/ Y5 +Ye 4"
L. . - - - , :
- @%TJJCPCC [(1 —ac)WF + r*PkN} ikdri >0, j=FH, (169)
141
where Y/ > 0 and ®* > 0 (as long as A > 0. We used the fact that Y/ = —Puk™ < 0,
YE = 131/2 > 0, (Vlch + uzl%N) = —MI/; < 0 and v; + vy = 1* to get (169).
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We calculate the tax multiplier for non-traded output by differentiating the short-run static
solution for YV /i evaluated at the steady-state:

P -y P _ ik P - YYdK YN dL
SavNPt = Sy YR+ S vNaLPt = o d a4,
7 7 7 podri " opodrd
L
I ONWERIkRAT > 0, j=F,H, (170)

A

where we used the fact that Y2 =y < 0 and Y¥ = kT vy > 0 to get (170).

Short-Run Tax Multipliers

EN > kT

Remembering that the short-run solution Y7 = Y7 (K, L, P), using the fact that the capital
stock is initially predetermined, dL(O)V’k = de|J"k + Lde(0)|J’k and dP(0)|J’k = —w%df(|j’k, the
short-run tax multiplier is given by:

Ay = vFdLo)P" +vEaro)",

dL dK
= —@iF PylkNd - ng;d -

dr? =0, (171)
where we used the fact that Y/ = — P kN > 0; we denoted by a hat the partial derivative of Y7
w. 1. t. P for given labor, i.e. Y} <0, and we used the fact that Y,/ Lp+YE = Y. The short-run
tax multiplier for traded output is the result of two opposite effects: while the initial stimulus of
labor supply induces a labor inflow in the traded sector, the real exchange appreciation shifts away
resources from the traded sector towards the non-traded sector.

Differentiating the short-run solution for Y~ = YV (K, L, P) and remembering that the capital
stock is initially predetermined, the short-run tax multiplier is given by:

deN(O)

‘j,k P |j,k+PA
1

_ EYLNdL(O) —yapo)",

kNdL +YP LA

—  _dik|p 77
= P Pv P Qdﬂd 20, (172)

where we used the fact that YV = —kT vy < 0, and we denoted by a hat the partial derivative of
YN w.r. t. P for given labor, i. e. Y/év > 0. The short-run tax multiplier for non-traded output is
the result of two opposite effects: while the initial stimulus of labor supply induces a labor outflow
from the non-traded sector, the real exchange appreciation attracts resources in this sector.

kT > kN

Remembering that the short-run solution Y7 = Y7 (K, L, P), using the fact that the capital
stock is initially predetermined and P is unaffected by a tax reform, the short-run tax multiplier is
given by:

YT (0)]"" = vFaro)"* = vIai " < (173)

where we used the fact that Y,/ = — Pk <0,
Differentiating the short-run solution for Y~ = YV (K, L,p) and remembering that the capital
stock is initially predetermined, the short-run tax multiplier is given by:
P j P P
—ay Vo)t = —YLNdL |7 =

YLNdL|J ks (174)
1

where we used the fact that V¥ = —kT uvy > 0.

L. Derivation of Formal Solutions after Anticipated Tax Re-
forms

In this section, we provide the main steps to derive formal solutions for key variables after future
anticipated permanent tax shocks, by applying the procedure developed by Schubert and Turnovsky
[2002]. For simplicity purpose, we assume that dx = 0 to avoid uninteresting complications.

L.1 Steady-State

As in Schubert and Turnovsky [2002], we define a viable steady-state i starting at time 7; to be one
that is consistent with long run solvency, given the stocks of capital, K7, and foreign bonds, Br,.
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We rewrite the system of steady-state equations for an arbitrary period ¢ (with i = 0, 1, 2):

I [IEN (E)] =u(r*+0ok), (175a)
%YN (f(i,ﬁz X, 7E, ZH) coN (AZ,PM ) ~GN =y, (175b)
B+ YT (K Byt ) o ()\ By 1 ) _GT =0, (175¢)

together with the intertemporal solvency condition

(Bi - BTi) _ (K - KT) . (175d)

L.2 Steady-State Functions

The new consistent procedure consists in two steps. In a first step, we solve the system (175a)-
(175(:) for R, K; and B; as functions of the marginal utility of wealth, A;, and tax rates, i.e. 77
and Tl , z , and the markup p;.

The equilibrium value of the marginal utility of wealth )\; and tax rates, 7¢, 77, 77 and pu
determine the following steady-state values:

K = KN\,r8rF o ), (176Db)
Bi = B (/\177—107 sz zH’/%) ) (1760)

where partial derivatives are given by (118), (119), (120), (121) and (122). Note that as long as the
markup is fixed, i.e., the number of competitors is large, then the relative price of non-tradables
remains unaffected after a tax change.

The second step consists in determining the equilibrium change of A by taking the total
differential of the intertemporal solvency condition (175d):

By — &, K\]d\; = dBr — ®dK7 — [B.s — &, K,;]dr?
A i i
—[Bye — 1K, 0]drC (177)

from which may solve for the equilibrium value of X as a function of tax rates:

A= \(Kr,Br, 7,79, (178)
with
Ak = 6‘9[?; = _[Bﬁ—(biénffﬂ <0, (179a)
Ap = 882; - T _1¢1Kﬂ <0, (179D)
Arj = g):j = —m >0, (179¢)
Arc = a%‘ = —W <0, (179d)

From (179), we obtain the following properties:

Ap By — ®1K5] = 1, (180a)
A [Byi — 1K, = =X\, (180b)
)\B [BTC — (I)lKTc} = 7)\.,.0. (180C)

L.3 Procedure to Derive Solutions for Future Anticipated Tax Shocks

In this subsection, we derive formal solutions after a future anticipated permanent change in the
tax rate. In the text, we consider a cut in 7 coordinated with a rise in 7€ so as to balance the
government budget. Hence, we restrict ourselves to such revenue-neutral tax reform; note that a fall
in 7 yields very similar qualitative results. Importantly, while after an unanticipated permanent
tax reform, the long-run effects are simply a scaled-down version of the steady-state changes after
a labor tax cut financed by a decline in lump-sum transfer Z, this result does no longer hold when
the tax reform is anticipated since only the wealth effect is in effect over the pre-implementation
period. Hence, we proceed as follows. We determine separately formal solutions after a labor tax
cut and a rise in consumption tax and then we consider a tax reform. We are able to derive impact
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and steady-state effects only if k7 > k%, and thereby we present analytical results only in this case.
With reversal capital intensities, the effects of an anticipated tax reform shifting the tax burden
from labor (i.e. 7F") to consumption are estimated numerically and shown in Table 2.

We assume that the small open economy is initially in steady-state equilibrium, denoted by the
subscript ¢ = 0:

K() = ]’?0 = K (5\0,7’3,7’5) , (181&)
BO = Bo = B <XO7T3,TOC) 5 (181b)
)\0 = 5\0 = A (Ko,Bo,Tg,TOC) . (1810)

Period 1 (0<t<T)
We assume that at time ¢ = 0 agents perfectly anticipate that the tax rate 77 (1) falls (rises)

permanently at time 7, from 7] = 7/ (7§ = 7€) to 7 = 7 (& = 75), with drj = 7§ — 7] =
=10 <0 A =7 —7F =78 — 1§ > 0).
When the tax shock is in effect, the economy follows unstable transitional paths:
K(t) = Ki+ Bie"" + Bye, (182a)
P(t) = P, +wiBie"t +wiBye?, (182b)
B(t) = Bl + |: (Bo - Bl> - (DlBl - (I)QBQ:| er*t +
+(I)1Bleylt + (I)QBQeyzt, (182C)

with the steady-state values K; and By given by the following functions (set i = 1 into (176b)-
(176¢)):

=
I

K (5\,7{,710) , (183a)

&
I

B (5\,7‘{,7’10) ) (183b)

where the marginal utility of wealth remains constant over periods 1 and 2 at level \{ = Ay = Xy = \
after its initial jump at time ¢ = 0.

Period 2 (t > 7)

Once the tax rate reverts back to its initial level, the economy follows stable paths

K(t) = Ky+Bjem, (184a)
t) = Py+wlBlent,

P Py + w3 Blent 184b
t = ~2 + @ et ) C

B By + @, Bje”? 184

with the steady-state values Ky and B, given by the following functions (set i = 2 into (176b)-
(176¢)):

Z
I

K (X, . TQC) 7 (185a)

&
I

B (X,Tg,Tg’) . (185b)

During the transition period 1, the economy accumulates (or decumulates) capital and foreign
assets. Since this period is unstable, it would lead the nation to violate its intertemporal budget
constraint. By contrast, the adjustment process taking place in period 2 is stable and must satisfy
the economy’s intertemporal budget constraint. At the same time, the zero-root problem requires
the equilibrium value of marginal utility of wealth to adjust once-and-for-all when the shock hits
the economy. So A remains constant over the periods 1 and 2. The aim of the two-step method is
to calculate the deviation of A such that the country satisfies one single and overall intertemporal
budget constraint, given the new relevant initial conditions, K7 and By, accumulated over the
unstable period (before the shock in in effect). Therefore, for the country to remain intertemporally
solvent, we require:

Br — By = @, (KT - f@) . (186)

In order to determine the three constants By, Bs, and B}, and the equilibrium value of marginal
utility of wealth, we impose three conditions:

1. Initial conditions K (0) = Ky, B(0) = By must be met.

2. Economic aggregates K and P remain continuous at time 7.
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3. The intertemporal solvency constraint (186) must hold implying that the net foreign assets
remain continuous at time 7.

Set ¢ = 0 in solution (182a); evaluate at time t = 7 and equate (182a) and (184a), (182c) and
(184c):

[{1 + B1 + BQ = KQ, (187&)
Ky + B1e"'T + Bye”?T = Ky 4+ Bjen 7, (187b)
P +wiBie"T + w2Bye?T = Py + wiBjen T, (187c)

where we used the continuity condition.

Evaluating K7 and Br by using (182a) and (182c¢), substituting into (182c) evaluated at time
t =7, and using functions of steady-state values K; and B; given by (176) for appropriate periods,
the intertemporal solvency condition can be rewritten as

B (X,T{,ﬁc) + { [B (Ao,TngC) y (X,T{,TIC)} —®.B — <1>232} T 1+ &, BT
+®yByeT — B (X,Tg', TQC) N [K (X,T{,ﬁc) + Bie"T 4 Bye?T — K (X,Tg,fg)]asg)
Then, we approximate the steady-state changes with the differentials:

dA dA

K, - OEK(X,Tg,TOC) —K()\O7Tg,75) :K;\dT—F fut+K5\dT70 fUt7 (189a)
Ky, — Ki=K (5\,7‘5,7’5) - K (;\,le,Tlc) = K,jdr + K,cdr€, (189Db)
_ . o : dA dX
B, — By=B (/\,Té,ﬁ?) - B (x\o,Tg,TOC> = B;\dT—F fUthF + B;\Ch_—c fUthc, (189c¢)
By, — B,=B (X,Tg,Tf) _B (X,T{;ﬁc) — B.;d7 + B,edrC. (189d)
By substituting these expressions into (187) and (188), we obtain finally
By + By = —K3d), (190a)
B1e"'T + Bye?T — BienT = K ;dr? 4+ K cdr©, (190b)
wiB1e"' T+ wiBye?T —wiBen” =0, (190c¢)
where d\ = X — )¢ and )
BiT1 + ByYs + Bydh = —Q; — Qc, (191)
where we set
Tl = @1, (192&)
Ty = By (B — Dy)e 7, (192b)
Q; = (By—®K.)e " Tdr, (192¢)
Qc = (Bre —®K,c)e " TdrC. (192d)

We solve the system written in a matrix form for the constants By, Ba, Bj, and the change in
the equilibrium value of the marginal utility of wealth dA:

®1 TQ 0 B;\ Bl —Ql — QC
1 1 0 K3 By | 0 (193)
en™ e2T —enT 0 Bl | | Kndr! +K,c ar¢ |
wienT el —plenT 0 dA 0
where the determinant F is:
E=—(By - ®K5) (w3 —wi)e" T >0, (194)

L.4 Formal Solutions for an Anticipated Change in 77

In deriving the formal solutions for an anticipated labor tax cut at time 7, we keep unchanged 7¢
so that d7¢ = 0 and d77 = dr¥ < 0 since we consider a decline in payroll taxes.
Case kT > kN
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Remembering that w} = 0 in this case, solving (190)-(191) gives:

B, = —K;\)\Tpe*T*T = _/7\%/1 (acé’N - O'LE];JTIA) /\Tpefr*TdTF >0, (195a)
By = 0, (195b)
B! = B, (195c¢)

d% = Mre " T >0, (195d)
Fut

where A\ r > 0 represents the change in the equilibrium of the marginal utility of wealth following
an unexpected permanent labor tax cut; we used property (180b) to get (200c).

Case kN > kT

Remembering that w3 = 0 in this case, solving (190)-(191) gives:

dA

Bl = -KiiF fdeF — K,re 2TdrF >0, (196a)
By, = K,re"TdrF >0, (196b)
B, = B; >0, (196¢)

where the change in the equilibrium value of the marginal utility of wealth is:

dX * *
| = AT =g (01— @) (e*’” T _ e*“ﬂ) K.r >0, (197)
T fut
with Ag < 0 and
1 ~ o~ ~ ~
S - % (7L LE vaA — 0 CN) <0, (198)

Long-Run Effects

We determine the impacts of an anticipated labor tax cut by assuming that k7 > kv since when
EN > kT, we are unable to determine the signs of expressions as the change in the marginal utility
of wealth given by (197) complicates substantially algebra.

Note that numerical results reported in Table 2 show that the long-run effects are similar whether
kT = kN. Denoting by X the macroeconomic aggregate C,L, K, NX, and using the fact that
X=X (A, 79,79) (see (176)), the steady-state change of X following an anticipated labor tax cut
is given by:

dX ‘

— =X5—= + X r. (199)
dr¥ Fut dr¥ Fut T

Applying this formula to consumption, labor and capital stock, the long-run effects expressed in
percentage deviations from initial steady-state (denoted by a hat) are:

Cloy = —ocATée ™ T#F >0, (200a)
L, = -oA"(1-& 7 T)# >0, (200b)
B s B . F¢ AN .
dK‘fut = — ULL]CT (1 _ AFfe—r T) + A gZCC e’ T‘| 7A_F >0, (QOOC)
1

where 77 < 0, 0 < AT < 1 (see (108b)) 0 < £ < 1 (see (108c)). The sign of eq. (200c) comes from
the fact that the wealth effect is smaller than after an unexpected labor tax cut (see eq. (111)).
Impact Effects
Differentiating eq. (184a) w.r.t. time, evaluating at time ¢t = 0, we obtain the initial response
of investment following an anticipated permanent labor tax cut:

1(0)] fut = V1 B+ 2By,

Substituting (200) and using the fact that By = 0, the initial reaction of investment becomes:
10)|,,, = —nK\re " Tdr",

oLWL

- —AFe TR <,
(Cfcpcc + O’LWFL)

- (gchngigTVl)

(UCC'N — ULf/l;:Tul) EAFe_T*T%F < 0. (201)
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The general solution for the stock of foreign assets is given by:
B(t) =B+ [(Bo - B) — & B — @sz} et + &y Bre”t + By Byetet, (202)

Differentiating eq. (202) w.r.t. time, evaluating at time ¢ = 0, and remembering that By = 0, we
obtain the initial response of the current account following a future anticipated permanent change
in the tax rate:

CA(O)‘fut =7 |:(BO - Bl> - (I)lBl - @QBQ:| + l/l(I)lBl + I/QCI)QBQ.
We compute:

_dBl|fut —®1 B
= —(Bx—®K5)dN|,,,,
A * -
= e T4rF = (Bor — 01K, r) e " TdrF,
AB
WFL .
LT TR (203)
.
where we used the fact that f — Pr*f, = WF, By = 0 and property (180b). The initial reaction of
the current account becomes:

CA(0)|fut = JLVNVIN&_T*T%F - leBh

AFP (UCC’N — aLINJ%Tm)

= o WL |1- e T 2, (204)

(Ucpcé + ULWFE)
where we used the fact that ®; = —P.

L.5 Formal Solutions for an Anticipated Change in 7¢

In deriving the formal solutions for an anticipated rise in the consumption tax at time 7, we keep
unchanged 7% so that drf = 0 and consider d7¢ > 0.

Case kT >k

Remembering that wi = 0 in this case, solving (190)-(191) gives:

Bl = —Kshoe T = —%Vl (aCéN - oLil%Tul) Aee " TdrC <0, (205a)
B, = 0, (205b)
B, = B, (205¢)
% » = Mee "7 <0, (205d)

where A\ ¢ < 0 represents the change in the equilibrium of the marginal utility of wealth following
an unexpected permanent labor tax cut; we used property (180b) to get (205d).
Case kN > kT

Remembering that w3 = 0 in this case, solving (190)-(191) gives:

dX
B, = —K5;—| d7°%—K.ce "7dr¢ >0, (206a)
dr¢ Fut
By, = K,ce "Tdr% >0, (206b)
B, = B, >0, (206¢)

where the change in the equilibrium value of the marginal utility of wealth:

d;\ * *
TE| = e T S Ap (@1 = @) (7T —e T ) Ko <0, (207)

fut
with Ap < 0 and (®; — ®3) given by (201).
Long-Run Effects
We determine the effects of an anticipated labor tax cut by assuming that k7 > kv since when

EN > kT, we are unable to determine the signs of formal expressions as the change in the marginal
utility of wealth given by (207) complicates substantially algebra.
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Applying formula (199) to consumption, labor and capital stock, the long-run effects expressed
in percentage deviations from initial steady-state (denoted by a hat) are:

Clp = —oo[1-(1-§) e 7| <0, (208a)
L, = —oz (1 - é) e T7C <, (208b)
K|, = - {"CV?N 1= (1=8) e 7| + onlii” (1-€) e—f*’f} #9 <0, (208¢)

where 7€ > 0, 0 < AT < 1 (see (108b)) 0 < £ < 1 (see (108c)). The sign of eq. (208¢c) comes from
the fact that the wealth effect is smaller than after an unexpected labor tax cut (see eq. (102d)).
Impact Effects
Differentiating eq. (184a) w.r.t. time, evaluating at time ¢ = 0, we obtain the initial response
of investment following an anticipated permanent increase in the consumption tax:

1(0)| ;,, = 1 B1 + 2By,
Substituting (205a) and using the fact that By = 0, the initial reaction of investment becomes:
I(O)‘fut = —nKihece " TarC,

Ocpcé T AC
(acPcC' + ULWFE)

— (O’C'éNO'LijfTul) <0,

- <acC*N - JlechVl) (1 - 5) e T#C < 0. (209)

Differentiating eq. (202) w.r.t. time, evaluating at time ¢t = 0, and remembering that By = 0, we
obtain the initial response of the current account following a future anticipated permanent change
in the tax rate:

CA(O)‘fut == T’* |:(B0 - Bl> - (I)lBl - q)QBQ:| + Z/1B1¢1 + I/QBQ(I)Q.
We compute:

—dBil;,, — ®1B
= —(Bx—®iK5)dN[,,,
- );\LBCe—T*TdTC = (B,e — 1 K,c)e " TdrC,
_@e*T*T%C
-

: (210)

where we used the fact that B = 0 and property (180b). The initial reaction of the current account
becomes:

CA(0)|,,, = —ocPcCe " 739 — 1 PB,

- P (aCC‘N ~ aLil%Tul)

= —0cPcC e T7C 20, (211)

(Cfcpcé + O'LWFE>
where we used the fact that ®; = -P.

L.6 Formal Solutions for an Anticipated Tax Reform

We now derive the steady-state and impact effects of a tax reform which involves cutting payroll
taxes and raising consumption taxes so as to keep the government budget balanced. We denote the
superscript |©°¢ the effects of such a tax reform.

Steady-State Changes

Using (200c) and (205d), the change in the marginal utility of wealth after an anticipated tax
reform is given by:

2 FC A F A .c|F.C
)\|fut - ﬁ‘fut,r + %?’futT |fut’
= [EAT - (1-€) 7 50 eT <0. (212)
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Eq. (212) corresponds to eq. (32) in the text.
The change in the consumption tax for a given decline in the labor tax cut is given by:

F
AC|F,C _ ‘fut > O, (213)
re|
fut
where
F ) WF _ A
F _ AFyi/A c —r*T T
o AWL{l—ULNA[T (1-&)e +< — )(1_5 )H (214)
and
¢l =PC Al _9¢ i (1-8)e T WE-WAN - er
r |fut—PcC(1+T ){1 =) [T [1 (1 5)6 }+< E e
(215)
Comparing I'f" after an unanticipated and anticipated tax reforms, we find that:
- WE WA\ .
F F . c
P>, it 2O (1-6) < (WF> 3 (216)

Comparing I'C after an unanticipated and anticipated tax reforms, we find that:

| N (A
FC > FC Fut? if TC (1 - g) > <V.I./F> 5 (217)

We find numerically that the change in the consumption tax (see Panel B of Table 2) so as to balance
the government budget after an anticipated tax reform is roughly equal to that after an unanticipated
tax reform (see Panel B of Table 1). Hence, the consumption tax must increase for a given labor
tax cut. However, we are no longer able to express steady-state changes after an anticipated tax
reform as scaled-down versions of the steady-state effects after a labor tax cut financed by a decline
in lump-sum transfer. We compute below steady-state effects after an anticipated tax reform.

Using (200) and (208), the long-run effects of an anticipated tax reform, expressed in percentage
deviations from initial steady-state (denoted by a hat), are:

c

Cli = o e

= —ocATEeT T — o0 |1 - (1-€) e T| 91T >0, (2184)
L|?uf - L+F T +L Ac‘fut’

= AT (1—&‘“7)% —o (1-€) e 77 0] >0, (218b)
AK[ = K[ + Koedr” 4 Koedr€| )

1 GN
= (UCC’ —crLLk: 1/1) )\|f . _O-LLkT ~F__0C 7A_C|F,c

0 218
i >0, (218c)

51

where 71 < 0, 7 !?t > 0 (see (213)), 0 < AT < 1 (see (108b)) 0 < £ < 1 (see (108c)). To derive

q. (218c), we totally differentiated eq. (176b). Eq. (218b) corresponds to eq. (33) in the text.
Eq. (218c¢) corresponds to eq. (34) in the text.
Combining (218b) and (218c) yields the long-run change in GDP following an anticipated
revenue-neutral tax reform:

V[ne = (1=50) K| + ALl > 0. (219)

Eq. (219) corresponds to eq. (35) in the text.

Impact Effects

Combining (201) and (209), the initial response of investment after an anticipated revenue-
neutral tax reform is unambiguously negative. Formally, it is given by:

10)] 7y = (0O = o, LiTn ) [EA7#7 = (1= €) e 729 0 e T <0, (220)

(UcéN - aijl;:Tyl) >0, 7" <0, ?C’?uf > 0. Eq. (220) corresponds to eq. (36) in the text.
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Combining (204) and (211), the initial response of the current account after an anticipated
revenue-neutral tax reform is unambiguously positive. Formally, it is given by:

F.C

CAO)7S

= O'LWF.ZHA'F - Ucpcéf'c FC e T
( |fut)
P (000 — oL ) [£0757 — (1-€) C7 L] T 20, (220

Eq. (221) corresponds to eq. (37) in the text.

M Welfare Analysis

In this section, we investigate analytically the welfare effects of an unanticipated tax reform which
involves simultaneously cutting the labor tax by d7/ < 0 (j = F, H) and raising the consumption
tax or the progressive wage taxes by d7* > 0 (k = ¢, H). We denote by ¢(t) the instantaneous
utility at time ¢:

o(t) =u(C(t) +v (L)), (222)

and by U its discounted value over an infinite horizon:

U= /O (t) exp (—5t) dt. (223)

M.1 Instantaneous Welfare

We first linearize the instantaneous utility function (222) in the neighborhood of the steady-state:
o(t) = ¢+ uc (C) (C) = ) +ur(L) (L(t) - L), (224)

with QNS given by
é=u (é) +o (E) . (225)
By substituting solutions for C(t) and L(t), we obtain the stable solution for instantaneous
welfare:

o(t) = Q~5+ [ucCp + v Lp] w% (Ko — f() et (226)

where partial derivatives are evaluated at the steady-state, i.e. uc = uc (C‘) and vy = v, (E)

We estimate the expression in square brackets by making use of the first-order conditions for con-
sumption and labor supply supply decisions evaluated at the steady-state, i. e. uc = PoA (1 + TC)

and v, = —AWA. We obtain:

< h
)

Evaluate (222) at the steady-state and differentiate allows us to derive the long-run change of
¢ after a tax reform:

UCCP+ULLPZ;\ —UcéN (1+TC)+ = 20. (227)

dri =0, (228)

oy , dc dL
d¢|1’k = §Ik lucddT] +vp a7

where 0 < @7
Evaluate (226) at time ¢ = 0 and differentiate allows us to derive the initial reaction of ¢ after
a tax reform:

0" = ag"" = (weCp +viLp) widK |,
: ac dK dL dK :
_ J.k _ 1 _ 1 J
= & {uc 0 PW2 T + v o Lpw; de] }dT , (229)

where we used (228) to get (229).

Case kN > kT

If the non-traded sector is more capital intensive than the traded sector, the long-run change of
¢ after a tax reform is:

dC

—dr
dri

717:k ik kN C WA 1

T
j oL ~ AUCPCCr w2 N kT Pus i
+ATEWATEE ( cON — o, Lk VQA) ac + = | drd 2 0(230)
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where 0 < % < 1 and IV > 0. We substituted ugc = Po) (1 + TC) and vy, = —XWA, and we used

the fact that % = %% -TJ ”ZL%% (UCC'N — o LETvaA ) 0 CN to determine (230). Since
the sign of the long-run change of instantaneous utility is ambiguous, we dot not calculate the initial
reaction of ¢ which in particular depends on eq. (230).

Case kT > kN

If the traded sector is more capital intensive than the non-traded sector, the long-run change of

¢ after a tax reform is:

3" = @7* P (14 79) —dr? >0, (231)

where 0 < ®7% < 1. We substituted uc = PcA (1 + TC) and vy, = —S\WA, and we used the fact

that élf] = %((115 to determine (231).

M.2 Overall Welfare

Until now, we have analyzed the instantaneous welfare implications of an unanticipated permanent
tax reform, say at different points of times. To address welfare effects in a convenient way within
an intertemporal-maximizing framework, we have to evaluate the discounted value of (222) over
the agent’s infinite planning horizon. Whereas the change of overall welfare can be estimated
numerically, we determine its measure along a transitional path after a tax restructuring.

In order to have a correct and comprehensive measure of welfare, we calculate first the discounted
value of instantaneous welfare over the entire planning horizon:

o §+ [uccp+vLLP]w;Al
5 rx — 141
O
= 5T S (232)

The first term on the right hand-side of (232) represents the capitalized value of instantaneous
welfare evaluated at the steady-state. The second term on the RHS of (232) vanishes whenever
the traded sector is more capital intensive than the non traded sector since the dynamics of the
real exchange degenerate. If consumption reacts strongly on impact and labor is not too much
responsive, then ¢(0) can overshoot its long-run level which exerts a positive influence on overall
welfare.

Case KV > kT

If the non-traded sector is more capital intensive than the traded sector, the long-run change of
U after a tax reform is:

: 1~ L r
dU|]7k _ *d¢|g7k _ [U’CCP + vL P] Wy dK‘],k
0 r* — 1
1 ac dK aL ax |, .
T ok {UC ag T Pwédej + v, 37 " LPW%dej }drj 20, (233)
with
ac dK ol =~ (=~ - ON
a7 O = A"CcW{P””“N L+ acoo g w,
+ kT vwl [acéNac - O'LE];JT]\} } <0, (234a)
dL dK orl - ON px 1
— —r*Lpwi— = ———gcCY’ 1 e ——
dT] " PWQ de A gc {V2 +aC0C P Vo Vo
* 1 D, 1.T
Wy =epx Puyk
+ Z?ULL]? A lac(l —oc)+ F }§0. (234b)

Case kT > kN
If the traded sector is more capital intensive than the non-traded sector, the long-run change of
U after a tax reform is:

. 1 ~in
duPt = gd¢|J’k >0, (235)
where dqg‘j’k > 0 is given by (231).
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N The Case of Endogenous Markup

The framework builds on Jaimovich and Floetotto [2008]. While we consider the case of an endoge-
nous markup, it holds for an exogenous markup, though in the latter case the number of competitors
is large enough so that the price-elasticity of demand is not affected by firm entry. There are two
sectors in the economy: a perfectly competitive sector which produces a traded good denoted by
the superscript T' and an imperfectly competitive sector which produces a non-traded good denoted
by the superscript N. We assume that each producer of a unique variety of the non-traded good
has the following technology XJN = H (K;, L;) with K; the capital stock and £; labor.

N.1 Framework

The final non-traded output, YV, is produced in a competitive retail sector using a constant-
returns-to-scale production function which aggregates a continuum measure one of sectoral non
traded goods:

YNZU; (Q?’)w“ldj}&, (236)

where w > 0 represents the elasticity of substitution between any two different sectoral goods and Qév
stands for intermediate consumption of sector’j variety (with j € [0, N]). The final good producers
behave competitively, and the households use the final good for both consumption and investment.

In each of the j sectors, there are N > 1 firms producing differentiated goods that are aggregated
into a sectoral non traded good by a CES aggregating function. The non traded output sectoral
good 7 is:°?

N 1 e—1
QN = N~ [ /0 (xN) = di] : (237)

where le\jf stands for output of firm ¢ in sector j and € is the elasticity of substitution between any
two varieties.

Denoting by P and P; the relative price of the final good and of the jth variety of the intermediate
good, respectively, the profit of the final good producer is:

N o1 ooT 1
HN—pLA @ﬁ)wdﬂ - [ Pieyai (238)

Total cost minimizing for a given level of final output gives the (intratemporal) demand function
for each input:

oy = (%) v (239)
p
and the price of the final output is given by:

1 e}
P= (/ P}“’dj) , (240)
0

where P; is the price index of sector j and p is the price of the final good.
Within each sector, there is monopolistic competition; each firm that produces one variety XZJ\;

is a price setter. Intermediate output Xﬁ is produced using capital IC{VJ and labor ﬁf\fj:

xN =H(KN, LY. (241)

1,77

Denoting by P; ; the price of good ¢ in sector j, the profit function for the jth sector good
producer denoted by 77]]-\] is:

N
Ty

: N . =1 N
P;N~ =1 (/0 (xN) - di> —/0 P XN di. (242)

The demand faced by each producer le\g is defined as:

P\ "¢ ON
N _ ij j
X = ( P > N (243)

1
5By having the term N~ in (237), the analysis abstracts from the variety effect and concentrates
solely on the effects of markup variation.
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and the price index of sector j is given by:

_1

N 1—e
Pj=N"T= ( i Pi;ﬂi) : (244)

Combining (239) and (241), the demand for variety XZA; can be expressed in terms of the relative
price of the final non traded good:

Pii\ (P CYV
XN = (J> (J) —. (245)

’ Pj P N
In order to operate, each intermediate good producer must pay a fixed cost denoted by FC
measured in terms of the final good which is assumed to be symmetric across firms. Each firm j
chooses capital and labor to maximize profits. The profit function for the ith producer in sector j

denoted by vaj is:

my =Pl (KY, L) — R Ky —WFLY —pFC. (246)
The demands for capital and hours worked are given by the equalities of the markup-adjusted
marginal revenues of capital % and labor Pjuﬁ, to the capital rental rate R¥ and the producer

wage WF, respectively.

N.2 First-Order Conditions

The current-value Hamiltonian for the j-th firm’s optimization problem in the non traded sector
writes as follows:

HY =PiH (KN, LY) = 5K, = WFLY, — PFC +n [H (K}, £);) — XN, (247)

4,37

where XjN stands for the demand for variety j; firm j chooses its price g; to maximize profits treating
the factor prices as given. First-order conditions for the non traded sector write as follows:

PiHg +nHx = RX, | (248a)
PiHp +nH, = W&, (248b)
n = P, (248¢)

Combining (248a)-(248b) with (248c) yields:

1
PiiHri <1 - e) = RE, (249a)
1 F
PigHp (1-—) = wF, (249Db)
where we used the fact that — pii%fo = %

the output level XZI\g = XN with the same quantities of labor Ef\'] = £V and capital ICfVJ = KN
Hence, the aggregate stock of physical capital and hours worked are K~ = NKY and LY = NV,
respectively. They also set the same price P;; = P. Hence, eq. (240) and eq. (244) imply that
P=P.

Defining the markup p as

€

55, first-order conditions can be rewritten as follows:

H
“E _RK, pZL-owr (250)
7 1
We follow Yang and Heijdra [1993] and Jaimovich and Floetotto [2008] by taking into account
the influence of the individual price on the sectoral price index:

e(N):e—(e_Tw)7 N e (1,00). (251)

As will be useful later, we calculate expressions of the partial derivatives of the price-elasticity
of demand and the markup with respect to the number of firms:
Oe €—w o en eN b

N=on = 0 ’“‘N:aiN__(e—l)2:_e71§<0’ (252)

e
e—1"

where we let =
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We further assume that free entry drives profits down to zero in each nindustry at each instant
of time. Using constant returns to scale in production, i.e. X = H (K,L) = Hx K+ H L, and the
zero profit condition, in the aggregate, we have

PH (KN, L) — RFKN —WFLN — PNFC = 0. (253)

Substituting the short-run static solution for non traded output (51), the zero-profit condition (253)

can be rewritten as:
- 1

YN (K, P A5, 77, w(N)) (1 — u(N)> = NFC. (254)

N.3 Short-Run Static Solution for the Number of Firms

The zero profit condition (254) can be solved for the number of producers in the non traded sector:
N =N (K,P X7 1), (255)
with partial derivatives given by:

ON YNwFC
Ny = = X7 >, 256
where X = K, P\, 77, 7 wpc = NFC/YN stands for the share of fixed costs in markup adjusted
output and we set
_ vy Ny, N
X= [yn ,(p—1) +1] P WFC (257)

Inspection of (257) shows that x < 0 if 1, x is not too large. This implies that an input inflow in
the non traded sector that raises YV and thereby yields to profit opportunities stimulates entry of
firms.

N.4 Equilibrium Dynamics and Formal Solutions

Inserting short-run static solutions for non traded output and consumption, given by (51) and (43)
respectively, into the non traded good market-clearing condition (57a), and inserting the short-
run static solution for sectoral the capital-labor ratio in the non traded good sector (45) into the
dynamic equation for the real exchange rate (57b), and substituting the short-run static solution
for the number of firms (255) yields:

YN{K, P, [N (K, P)}

y N N
K LIV ()] —CN(P) - 0xkK -GV, (258a)
P = p{r 4+ 0 — LN (K. P)] } (258Db)

For clarity purposes, we dropped variables which are constant over time as arguments of short-run
static solutions.

Linearizing these two equations around the steady-state, and denoting by & = K, P the steady-
state values of x = K, P, we obtain in a matrix form:

. T - \NT
(K, p) :J(K(t)fK,P(t)fP) : (259)
where J is given by
b1 b2
J= , 260
( bar b ) (260)
with
by = o vv Nk (1= S )| - ok (261a)
YN |y, N
b2 = o Y%_%NN” (1— {;N“> —c, (261b)
P N h ENp
b21 = ;hkk /J’NM Kk;N <hkk’2N _ ]:N , (261C>
P N UNDNp N hy kY
boy = thk lkp m k o T |- (261d)



Equilibrium Dynamics
The determinant of the Jacobian matrix is unambiguously negative:

Det J = bi1baa — bi2boy
Yy YI p N h kLY
(K - 5K) KSR A kN - MNM
Iz P % hirk k

yN You\YE Yy W\ P, o[ he Kl
o (1 - {;N > P (u - CP) ;hkkk hikN kHN (26

—M—NNK
0

and the trace is given by:

Yr vy
TI'J = b11+b22:7K+7K7§K
N N
UN Y u M P N hy, k;uu’
SN N — 11— — Np—hpk -

[ < YN> P kk <hkkkN LN ’

Y
- *_L:’NK— >0, (263)

T N
where we used the fact that %{ + YTK = % = r* + {g; the positive sign follows from Ng > 0 and
un < 0.
Characteristic roots from J are:

1
yiQ{TrJ:t\/(Tr J)? = 4Det J} 20, i=1,2 (264)

We denote by 171 < 0 and v5 > 0 the stable and unstable real eigenvalues, satisfying
v <0 <r* <. (265)

Since the system features one state variable, K, and one jump variable, p, the equilibrium yields a
unique one-dimensional stable saddle-path.

General solutions are those described by (67) with eigenvector wh associated with eigenvalue y;
given by:

wé _ i b1 ’ (266)
bi2

Formal Solution for the Stock of Foreign Assets

Substituting first the short-run static solution for consumption in the traded good (43) and the
short-run static solution for traded output (51) into the accumulation equation of traded bonds
(13), and linearizing around the steady-state gives:

B(t) =r* (B(t) - B) + [YE + Y v Nk (K(t) - K) +[(VF + Y unNp) - CF] (P(t) - 15) ,

(267)
where C% is given by (44b).
Using the fact that P(t) — P = w} (K(t) - K’), setting
Ny = [Y{ + Y] unNk] + [(Yp + Y[ uvNp) — CE] wy, (268)

solving for the differential equation and invoking the transversality condition for intertemporal
solvency, the stable solution for net foreign assets finally reduces to:

B(t) - B =, (K(t) - K) , (269)
and the linearized version of the nation’s intertemporal budget constraint is:
B—By=, (K - K0> , (270)

where we substituted B = Ky — K.

N.5 Stable Solutions for L, N, and W

Linearizing the short-run static solution N = N (K, P) gives the stable solution for the number of
firms:

N(t)

N + Nk (K(t)—f() + Np (P(t)—ﬁ),

N + (Nk + Npw}) (K(t) - K) . (271)
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Evaluating at time ¢ = 0 and differentiating gives the initial response of the number of firms :

dN(0)]* = AN|7* — (Ng + Npwy) dK|7F. (272)

Linearizing the short-run static solution for labor L = L (P, 1), using the fact that u = p (N),
and substituting the appropriate solutions, the solution for L(t) reads:

L) = L+Lp (P()=P)+ Ly (ut) - ), (273)
; - : )
= L+Lp|wy— hN (Nk + Npwsy) | (K(t) — K), (274)
where we used the fact that L, = —%. Evaluating at time ¢t = 0 and differentiating yields the

initial response of employment:

. ~ . P o
dL(0)[7F = dL?* — Lp |wgs — ah (Nk + pr;)] dKI*, (275)

Linearizing the short-run static solution for the wage rate W = W (P, u) and substituting
appropriate solutions gives:

W(t) = W+ Wpwl (K(t) - K) Wiy (N(t) - N) :
4 1 P 1 ~
= W+Wp W~ =N (Nk + Npwi) | (K(t) — K), (276)
where we used the fact that W, = — W; P Evaluating at time ¢t = 0 and differentiating gives the

initial response of the wage rate:

) - P y
AW (0)PF = AW+ — Wwp [w% - (Nk + pr;)] dKI*, (277)

N.6 Tax Multiplier for Overall Output

Long-Run Tax Multiplier
Because overall output denoted by Y is the sum of traded output Y7 and non-traded output
measured in terms of the traded good %YN, using the fact that Y7 = YT (K, L, P,u) and YV =

YN (K, L, P, 1), remembering that a tax reform exerts a long-term effect on the relative price of non
tradables, the steady-state change of overall output becomes:

o p o p o
av|* (Yg + MY}Q’) dK 7" 4 (YLT + MYLN> aL*,
= Prdik"* + wFaL™" > 0. (278)

where we used properties (54b) and (54c) to get (165); according to property (54a), denoting by a
hat the partial derivative of Y w. r.t. P for given labor, Y2 + %Ylﬁv = YMT + %YMN = 0.

Using the fact that Y7(t) = CT(t) + GT —r*B(t) + CA(t) = CT + GT + NX(t) and % =
CN(t)+GN +1(t), the overall output is equal to Y (t) = P (P(t)) C(t) +GT+ P(t) +GN + NX () +
I(t). The steady-state change of GDP following a tax reform is:

. N ) . . .
av Pt = YTdP 7"+ PedCP* + ANX [ + PalP, (279)

where ANX|"* = —p*dB|™* and aI|"" = sxdk ",

Initial Tax Multiplier

Keeping in mind that the capital stock is initially predetermined, the short-run tax multiplier
writes as follows:

; P : . P : or P :
dy ()" = <YLT + EYLN > dL(0)|"" + (Yg + ;Y,Q] > dP0)]"* + <Y,T + MYHN> pndN(0) [,
— wFarLo)"" > o, (280)

where we used properties (54c) to get (166); according to property (54a), denoting by a hat the

partial derivative of Y w. r.t. P for given labor, Y7 + %fflﬁy = }A/HT + %YHN = 0.
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Linearizing around the steady-state yields:

. YN - - - -
Y=Y+ (P(t) - P) + (NX(t) - NX) +P (I(t) - I) .
Evaluating at time ¢t = 0 and differentiating yields the initial reaction of GDP:

. YN . . . .
ay (0)"* = TdP(O)\]’k + PodC(0)"* + aNx (0)" + d1(0)]", (281)

where dC(0)|"" = dC["* — CpwldK["*, dP(0)["" = aP|"" — widK ™", d1(0) = —pdK["* and
ANX(0)"" = dCA0) " = - ®,dK "

N.7 Tax Multipliers for Sectoral Outputs

Long-Run Sectoral Tax Multipliers
We calculate the tax multiplier for traded output by differentiating the short-run static solution
for YT evaluated at the steady-state:

VTP = YEAR P+ YLt + VEAP + VT und NP, (282)

where Y < 0, )A/HT >0 and puy < 0.
Using the fact that Y7'(t) = CT +GT + N X (t) and totally differentiating yields the steady-state
change of traded output following a tax reform:

YT =acm Pty anx [ (283)

where dN~X|j’k = —r*dB|j’k.
We calculate the tax multiplier for non-traded output by differentiating the short-run static
solution for YV /i evaluated at the steady-state:

P —niuk P _ ik P -k Por. =ik P ey
Sy NPt = Sy AR + Sy ALt + v EapPt 4 =V und NP (284)
1 7 7 1 [
where ?l—f,v >0, fff < 0and py <0.
Using the fact that # = ON(t)+GY +1(t), and totally differentiating gives the steady-state
change of non-traded output following a tax reform:

%dYNV’k = dCN PP 1 alt, (285)

where dI~|J’IC = 5Kdl~(|3’k.

Short-Run Sectoral Tax Multipliers

EN > kT

Remembering that the short-run solution Y7 = YT (K, L, P, 1), using the fact that the capital
stock is initially predetermined, the short-run tax multiplier is given by:

YT ()" = YEALO)" + VEAPO) " + VT undN(0)] ", (286)

where dL(0)|j’k and d]\7(0)|j’]C are given by (272) and (275), respectively, and dP(O)|j’k = d]5|j’k -
widK |j’k.

Linearizing Y7'(¢t) = CT + GT + NX(t) around the steady-state, evaluating at time ¢ = 0 and
totally differentiating yields the initial change of traded output following a tax reform:

YT ()" = acT ()" + anx (o) (287)

where ANX (0)"" = dCA(0)"" = =1 ®1dK|"" and dCT(0)|"" = —~ChwidK ™",

Differentiating the short-run solution for Y~ = YV (K, L, P, i) and remembering that the cap-
ital stock is initially predetermined, the short-run tax multiplier for non-traded output is given
by:

P ; P P

—ayN (o))t = = =

" [t [t

where dL(0)|j”C and dN(O)V"IC are given by (272) and (275), respectively, and dP(0)|j’k = dP’j’k -
13700k
widK |

. R . P . .
YN AL(©)" + =y ap©)" + EYuNuNdN(O)\J’k. (288)
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Linearizing # = CN(t) + GN + I(t), around the steady-state, evaluating at time ¢ = 0 and
totally differentiating gives the initial change of non-traded output following a tax reform:

1o _ .
ﬁdYN|]’k — dCN(0) " + d1 ()", (289)
where dCN(O)|j’k = —ng%df(v’k and dI(0) = —M1d[~(|j’k.
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