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Abstract

It is often argued that changes in expectation are an important driving force of the business
cycle. However, it is well known that changes in expectations cannot generate positive co-movement
between consumption, investment and employment in the most standard neo-classical business cycle
models. This gives rise to the question of whether changes in expectation can cause business cycle
fluctuations in any neo-classical setting or whether such a phenomenon is inherently related to
market imperfections. This paper offers a systematic exploration of this issue. Our finding is that
expectation driven business cycle fluctuations can arise in neo-classical models when one allows
for a sufficiently rich description of the inter-sectorial production technology; however, such a
structure is rarely allowed or explored in macro-models. In particular, the key characteristic which
we isolate as giving rise to the possibility of expectation driven business cycles is that intermediate
good producers exhibit cost complementarities (i.e., economies of scope) when supplying goods to
different sectors of the economy.
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1 Introduction

A common perception among economic observers is that macroeconomic fluctuations are not driven
only by current developments in the economy but are often influenced by perceptions of future de-
velopments, that is, they may be driven by changes in expectations as opposed to current changes
in opportunities or preferences. In effect, to most business economists, this is an undisputable fact.
The 1999-2001 boom-bust cycle in the US is one example which may fit this idea. For many, the
1999-2001 period was one where agents’ rosy expectations of the future contributed significantly to
the high growth rates of 1999 and 2000, while a revision of these expectations caused the downturn of
2001. Similar stories are given for the booms and busts observed in the late 1990s in Asia. In a sys-
tematic way, Beaudry and Portier [2004b] show that, using U.S. postwar data, stock prices movements
predict TFP growth, and that such stock price booms are accompanied by an overall macroeconomic
expansion. Given the plausibility that at least some business cycle episodes are driven by expectations
(which may be thought as a type of demand disturbance), it is relevant to circumscribe the classes
of models which are capable of generating such phenomena. Knowing whether a model has such a
characteristic may be a useful element to evaluate its plausibility.

The object of this paper is to examine whether, and if so under what conditions, Expectation
Driven Business Cycles can arise in simple neo-classical settings. That is, we will examine whether
expectations alone could cause booms or busts — defined as positive co-movement in consumption, in-
vestment and employment— in a setting with constant returns to scale technology and perfect markets.
We are interested in examining this question within a constant returns to scale and perfect market
setting for three reasons. First, a substantial body of empirical literature (see Burnside, Eichenbaum,
and Rebelo [1995], Basu [1996] and Basu and Fernald [1997]) supports the assumption of constant
returns to scale. Second, perfect competition appears to us as the good benchmark to begin a sys-
tematic exploration of this issue. In particular, by adopting this focus we can learn whether or not

Expectation Driven Business Cycles are inherently related to market imperfections or whether they



can arise in perfect market setting. Third, it is well known in the literature that the simplest one-sector
neo-classical model is incapable of supporting expectation driven booms and bust since, in the absence
of a current change in technology, consumption and employment on the one side and consumption
and investment on the other side, always exhibit negative co—movementﬂ Hence, part of our aim is to
understand the generality of this observation.

In order to favor tractability and transparency, we limit our analysis to neo-classical models where
the capital stock is the only state variable (this is what we mean by the term simple neo-classical
models). One of the attractive features of a one state variable setting is that its dynamics can be
represented on a two dimensional phase diagram and therefore can be easily compared with well
known results in the literature.

The two main results of the paper are: (1) Expectation Driven Business Cycles are possible in
simple neo-classical settings, that is, we show that strictly positive co-movement between consumption,
investment and employment can arise in simple perfect market settings as the result of changes in
expectation; and (2) most commonly used macro models restrict the production possibility set in a
manner that precisely rules out the possibility of Expectation Driven Business Cycles in the presence
of market clearing. The main technological features we identify as being intimately linked with the
possibility of Expectation Driven Business Cycles is that of a multi-sector setting where firms exhibit
a type of economy of scope. However, most commonly used macro models do not allow for rich inter-
sectorial production technologies, or if they do, they impose linear production possibility frontiers
which rule out any economies of scope. Therefore these models can not support expectation driven
booms and busts; instead in these models expectational change always lead to negative co-movement
between consumption and investment. Hence, our results suggest that Expectation Driven Business
Cycles can be explained in a perfect market explanation if one is ready to entertain the possibility

of firms with economies of scope or, in other words, internal cost complementarities between the

1Such a consumption-investment correlation pattern can also be found in response to a sunspot shock, as discussed
in Benhabib and Farmer [1996].



production of different goods. Let us stress the necessary technological structure is not very exotic, nor
absent from the literature, as it is implicitly implied by models which adopt multi-sectorial investment
adjustment costs as in Sims [1989] , Vallés [1997], Huffman and Wynne [1999] and Kim [2003] )E|
Whether or not real economies exhibit the cost structure needed to support the type of expectational
driven fluctuations examined here remains an empirical issue, which we leave for future research.
However, we believe that our analysis nicely isolates technological features which helps explain what
is often coined as Keynesian type phenomena, that is Expectation Driven Business Cycles, without
the need to invoke market imperfections.

Before outlining the structure of the paper, let us first clarify that the aim of our analysis is not to
identify whether Expectation Driven Business Cycles are the result of rational or irrational forecasts.
Our aim is to examine whether Expectation Driven Business Cycles can arise when all current spot
markets are required to be in equilibrium. In the main part of our analysis, we will not need to specify
whether the the underlying change in expectation is the result of a properly forecasted change in future
fundamentals or whether it is based on foolish perceptions. Instead we adopt a temporary equilibrium
approach which allows us to directly focus on whether positive co-movements between consumption,
investment and employment can arise as the result of some expectational change, whether it be rational
or irrational. In order to understand our approach, it is useful to consider the phase diagram associated
with a standard one sector neo-classical model as presented in Figure[l] On this figure, we have traced
the stable saddle path as well as some of the unstable paths. It is well known that starting from an
initial steady state, an anticipated change in a fundamental will cause the economy to jump and
evolve along one of the unstable paths until the anticipated change is realized. The nature of the
dynamics in this case implies that a jump due to an anticipated change in fundamentals will always

involve a negative co-movement between consumption and investment. Specifically, such a jump will

*Kim [2003] shows that, in the absence of variable labor supply, multi-sectorial investment costs are observationaly
equivalent to intertemporal investment costs. However, as we will show, this equivalence does not hold with variable labor
supply. In particular, intertemporal adjustment costs model cannot support positive co-movement between consumption,
investment and employment due to changes in expectations, while models with multi-sector investment costs can.



either cause an increase in consumption and a decrease in investment or the converse, regardless of
the source of the expectational change. Hence, the issue we want to explore is whether simple neo-
classical models inherently imply a dynamic structure in which an expectational changes always lead
to negative co-movement between consumption and investment; or alternatively, if it is possible for
neo-classical models to exhibit the dynamic structure depicted in Figure 2} In particular, in Figure
we have illustrated a dynamic system which is saddle path stable and which has the property that
a jump from the steady state to an unstable path always involves a positive co-movement between
consumption and investment. Therefore, our main question can be stated as examining the conditions
under which (if any) a neo-classical model can generate a dynamic system similar to that depicted in
Figure 2.

The remaining sections of the paper are as follows. In section 2, we present the class of economies to
be considered, and define our notion of Expectation Driven Business Cycles. In section 3, we examine
several standard macroeconomic models to see whether they can possibly support Expectation Driven
Business Cycles. The models examined include standard one and two-sector models, models with
adjustment cost and models with variable capacity utilization. In section 4, we examine multi-sector
models and show that Expectation Driven Business Cycles can arise in such settings if there are multi-
product firms which supply intermediate goods to both the consumption and investment sectors, and
exhibit some cost complementarity in doing so. We also relate the technological restrictions we have
derived with the nature of the economy’s phase diagram in the consumption-capital space. Finally, in
section 5 we present a fully specified example where Expectation Driven Business Cycles arise under

rational expectations. Section 6 offers concluding comments.

2 Structure

Here we present the economic environment and define the main concepts we use. Assumptions made for
preferences and technology are standard. The only difference is in the notations we use for technology,

that allows to treat comprehensively different production structures. Given those fundamentals, we



define competitive allocations and Expectation Driven Business Cycles.

2.1 Preferences and Technology

Let us consider an environment with a representative agent whose preferences over consumption and

leisure are ordered by

B> 0U(C1 — ), 1)

t=0

where U(-,-) is a twice continuously differentiable and quasi-concave function, Cy is consumption,
1 — Ly is leisure time (i.e. L; is labor supply) with total per-period time endowment normalized to
1, and g €]0,1[. The one additional assumption we place on the utility function it that consumption
and leisure are normal goods. More precisely, it is assumed that U; > 0, Uz > 0, —Uy1/U; > Uya/Us
and —Usy/Us > Uya/Us.

At a point in time ¢, the production opportunities available in the economy are assumed to be
represented by

Cy = G(Ky, Ly, I; 1) (2)

Here K, denotes the capital stock, I; is the level of investment in capital and ; represents the
state of technology. For a given 1, we assume that the function G is homogenous of degree one, that
Gk, >0, G, >0, G, < 0 and that the set {Cy, Ky, Ly, It} defined by C; — G(Ky, Ly, I;) < 0 is convex.

We further assume that capital is accumulated over time according to
Kiyi=L+(1-0)K; (3)

where ¢ € [0,1] is the rate of depreciation. Later on we will allow for more general forms of accumu-
lation.

Remark : Our formulation of the technological opportunities encompasses many of the those used
in the macro literature. For example, it encompasses the standard one-sector model since in this case

the function G(-) can be written as

G(Ky, Ly, Iy hy) = F(Ky, Lisby) — 1y



where F(-) is the one-sector concave production function. One-sector models with convex capital

adjustment cost are also encompassed, since in this case the function G(-) can be written as

G(Ky, L, Ii;by) = F(Ky, Lisbe) — I — & (Ifé)

where F(-) is the one-sector concave production function and ¢(-) is a convex cost of adjustment
function.
This formulation also encompasses standard two-sector model since the function G(-) can be seen

as a value function defined by

G(Ke, Le, Iy) = maxye gr e FO(K LY)
FIK], LD > L
s.t. Kf+ K/ < K
LE+Ll < L

where FC (K, LY) is the production function for consumption goods and F! (K, LT) for investment

goods.

2.2 Equilibrium Allocations

We consider a structure in which firms are owned by households. Since the Walrasian equilibrium for
this economy is efficient, equilibrium quantities of consumption, employment, capital and investment

are solutions of the following social planner problem:

mMaxXcy, Iy, Ly, Ke41 Ey Zzo ﬁtU(Cta 1- Lt)

.t C, < G(Ky, Ly, Ity )
o Kiyn < Li+(1-0)K;

and therefore need to solve

Us(Cy, 1 = Ly) = Ui(Cy, 1 — Ly)Gr(Ky, Ly, Ii; 1) (4)

Cy = G(Ky, Ly, Ii;9) (5)

Gr (K1, L1, Tega;
Ui(C, 1= Ly) = BE Ul(CHl’l_LtH)( K(th(th tztl Itt‘t;t)wtﬂ)

Gr(Kitt1, Liv1, D15 0e41)
1—-6
* ) —G (K, Ly, It; 1)

K1 = L+ (1-0K,. (7)



Equation (4]) describes the intratemporal choice between consumption and leisure and equation
(@ describes the intertemporal choice between consumption today and consumption tomorrow. The

two other equations are simply the resource constraint in period ¢ and the accumulation equation.

2.3 Expectation Driven Business Cycles

The question we now want to examine is under what conditions can changes in expectations lead to
positive co-movement between consumption, investment and employment, holding current technology,
¢, and preferences fixed. We will refer to such phenomena as Expectation Driven Business Cycles, as
made explicit in the definition below. To answer this question it is useful to focus on the two equations
and . These two equations can be seen as defining combinations of consumption, investment
and employment which are consistent with period ¢ market clearing in both the goods market and the
labor market. In other words, the equations and define a surface which represents the set of
all possible temporary equilibrium quantities (or the set of current equilibrium quantity combinations
that can arise for some expectation about the future). Hence, if changes in expectations are to lead
to positive co-movement between consumption, investment and employment, then it must be the case
that the surface defined by equations and has the property that % > 0 and g—% > (. This leads

us to the following statement.

DEFINITION 1 Ezpectation Driven Business Cycles represents a positive co-movement between con-
sumption, investment and employment induced by a change in expectations holding current technology,

preferences and government interventions constant.

In Appendix[A] we provide another formulation of this definition that make more explicit what we

mean by a change in expectations. Given this definition, the following statement immediately follows:

LEMMA 1 Ezpectation Driven Business Cycles can arise in a Walrasian equilibrium only if the surface

defined by equations and @ has the property that %—? >0 and g—? >0



The main objective of the following two sections will be to examine different production structures
and preferences to see whether Expectation Driven Business Cycles could potentially arise in these
environmentsﬂ In particular, this will allow us to highlight the role of multi-product firms in allowing

for Expectation Driven Fluctuations.

2.4 A More General Structure

It is useful for future reference to have defined a slightly more general production structure in which

we combine the accumulation equation and the current production possibilities is as follows.

Cy = G(Ky, Ly, Ki1;v4) (8)

where G is homogenous of degree one, éKt > 0, CNJLt > 0, éKt+1 < 0 and the set {Cy, Ky, Ly, Ky11}
defined by C — é(Kt,XtLt, K1) <0is convex

Obviously, this formulation encompasses our previous formulation since in such a case G (K, Ly, Kiy1;v0)
can be defined as G(Ky, Ly, Ky 41 — (1 — 6)Ky;10¢). The advantage of this second formulation is that it

can encompass models with variable capacity utilization, since CN}() can be seen as the value function

of the following problem:

G (K, Ly, Kip13) = IQ/?XF(Vth, Ly) — K1+ (1= 0(w)) Ky,

35(vy)

with =57% > 0 and where v is the rate of capacity utilization. The function é() also allows to en-

compass models with “generalized intertemporal adjustment costs”, where the accumulation equation
is of the form:

K= [0 + (1= 0K, p<l.

In the cases where we use this more general structure, we can say that Expectation Driven Business

3 In Beaudry and Portier [2004a] we illustrated a decreasing returns to scale environment where the temporary
equilibrium had the property that % = 0 and ‘g—ff > 0, and hence does not satisfy the more stringent conditions for
Expectation Driven Business Cycles we are examining here.

4One could think more generally of a set of the form é(Ct, Kit1, K¢, Lt) < 0, where this set is convex, with @1, Go > 0,

@3, 54 < 0. But then one can always redefine a G as max Cy s.t C:‘(C’t, Kit1, K, Ly) <0.



Cycles can potential arise if the the surface defined by

Up(Cy, 1 — L) = U(Cy,1 — Li)Gr (K, Ly, Kyy1; ) 9)

Ci = G(Kp, Ly, Ki1314) (10)

has the property that 8?(%1 > 0 and 818(&1 > 0.

3 Can Expectation Driven Business Cycles arise in the Walrasian
Equilibrium of One- or Two-Sector Macro Model?

We first state a general necessary condition for the existence of Expectation Driven Business Cycles.
Then, we prove two negative result: Expectation Driven Business Cycles cannot arise in one and

two-sector standard models.

3.1 A Necessary Condition for the Existence of Expectation Driven Business Cy-
cles

Let us first consider the case where current production possibilities can be represented by C; =

G(Ky, Ly, It) and where accumulation is K41 = I + (1 — ) K.
PROPOSITION 1 An economy can exhibit Expectation Driven Business Cycles only if G > 0.

PROOF OF PROPOSITION [1|: By fully differentiating (4]) (with dK = di) = 0), we obtain

dL = k1(—kodC + k3dI) (11)
with
k1 = —(GLUcrL+UcGrr+Urr)™t >0,
ke = GrUcc+Urc <0,
k3 = UcGrr § 0.

Taking now the full differentiation of and using , we get

dC G+ Grkiks
dl - 1 —GLKvll'iQ

(12)
If Gy <0, then k3 < 0 and 9€ < 0. QED
If we consider the more general case where production possibilities are represented by Cy =

G(Ky, L, Ki41), the we have the following proposition.

10



PROPOSITION 2 An economy can exhibit Expectation Driven Business Cycles only if G LiKei1 > 0.

PROOF OF PROPOSITION [2]: The proof is a straightforward extension of the proof of Proposition
QED

3.2 One-Sector Models

Propositions [1| and [2] allow us to prove the three following corollaries.

CORROLLARY 1 FEzxpectation Driven Business Cycles cannot arise in one-sector models, even with

convex cost of adjusting capital.

PROOF OF COROLLARY [I]: In a one-sector model and in a one-sector model with convex adjustment

costs, G5 = 0 and hence by Proposition 1 such economies cannot support Expectation Driven Business

Cycles. QED

CORROLLARY 2 FEzxpectation Driven Business Cycles cannot arise in one-sector models where variable

capacity utilization generates production possibilities given by

06
ml?,XF(l/th,Lt) — Kt+1 + (1 — 5(Vt))Kt, % >0

PROOF OF COROLLARY : By the envelop theorem, éKt+1 = —1 and hence éKt+17Lt = 0.

Therefore by Proposition 2, such an economy cannot exhibit Expectation Driven Business Cycles.

QED.

CORROLLARY 3 FExpectation Driven Business Cycles cannot arise in one-sector models where capital

accumulation is of the form
o 1
K =10 + (1 = 0)Ky)P», p <1

PROOF OF COROLLARY [3|: In this case the function is given by G = F(Ky, Ly) — [(K41)? + (1 —
1 ~
0)K;)P]e. Hence Gk,,, 1, = 0, and once again by Proposition 2 Expectation Driven Business Cycles

cannot arise. QED

11



The above results indicate that Expectation Driven Business Cycles cannot arise in most one-
sector models used in the macro literature. E| We now turn to examining whether Expectation Driven
Business Cycles could arise in two-sector models. One reason why it may be interesting to look into
two-sector models is that Propositions 1 and 2 cannot be used to rule out Expectation Driven Business
Cycles, as the following example makes clear. This example also shows that the necessary condition
on the function G is not an exotic one.

Suppose the production function for consumption goods is C' = K'=%(L¢)%, that it is I = (L')"
for investment goods, and that LE + L' = L. Then the G(-) for this economy is G(K,L,I) =
K'=o(L — I%)a, which has G > 0. Note that the condition G; > 0 is only a necessary condition,
and we prove in the next section that it is not always sufficient. Typically, our results for two-sectors
models show that one cannot obtain Expectation Driven Business Cycles in this specific example.

3.3 Two-Sector models

The interest in examining two-sector models is that potentially they satisfy the necessary condition
given in Proposition [T}

Let us define a two-sector model as a model where the production function for consumption goods
and the production function for investment goods are distinct, that is, where the aggregate production

possibility is given by

G(Ky, Le, Iy) = maxye gr e pr FO(K LY)
FIK], L > L
s.t. K¢+ Kl < K,
LY +L] < L

where FO(KY, LY) and FI(K!, L') are constant returns to scale and concave production functions.
ProproSITION 3 Expectation Driven Business Cycles cannot arise in two-sector models

PROOF OF PROPOSITION (3| : To prove this proposition, it is helpful to work with the dual form

of the temporary equilibrium. Accordingly, let QC (wy,r;) represent the unit cost function for the

5As explained above, we are restricting ourselves to models where the stock of capital of period ¢ is the only state
variable. A natural question is how robust are our results to a model with time to build, which is an often used model in
the literature. In Appendix@ we show that Expectation Driven Business Cycles cannot arise in a time to build model.

12



consumption good sector (where r is the rental rate of capital and w in the wage rate) and let
Qf (wy, r¢) represent the unit cost function for the investment good sector. A temporary equilibrium,
with the consumption good being the numéraire and with g being the price of investment, must then

satisfy the following set of 5 conditions:

Q%w,ry) = 1 (13)

S (wr) = @ (14)

QO (wy, 7)Cy + QU (wy, r), = Ly (15)
OF (wi, ) Cr + Qg (we, r) ;= Ky (16)
Us(Cp,1 — Ly) = wUi(Cy1— Ly) (17)

Note that as before, taking K; as given, this system implicitly defines a set of values for C¢, I; and
L, (as well as values for r;, w; and ¢;). The claim is that with this set, an increase in I; is necessarily
associated with a decrease in either Cy or L; or both. Let us prove this be contradiction. If we assume
that C%, I; and L; increase, then equation implies (by normality of leisure and consumption) that
wy increases. Then if w; increases, equation implies that r; decreases, but then it is impossible
to satisfy equation given that concavity of the production function and constant returns to scale

imply that QF, < 0, Qf, >0, 2}, <0 and 0, > 0. ] QED

4 Multi-sector models

We now consider a general multi-sectorial structure, for which we prove that Expectation Driven Busi-
ness Cycles can arise under some conditions on the technology. Next, these conditions are interpreted
and an example is provided. Finally, we relate our result with the structure of the phase diagram of

the model.

5This proposition can be easily generalized to models with adjustment costs and variable rates of utilization.
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4.1 Setup

Let us consider the following multi-sector environment with N > 0 intermediate sectors. The setup
will slightly generalize standard multi-sector models by treating intermediate goods firms as multi-
product producers that sell potentially different inputs to the consumption or investment sector. The
total output of consumption good C; is given by an aggregator function C; = J (X1, ..., Xy) where
X, denotes the quantity of an intermediate good produced by sector ¢ for the consumption good sector.

Similarly, the investment good is produced by an aggregate of intermediate inputs, that is, I; =
JY(Z4,..., Zn) where Z; denotes the quantity intermediate inputs produced by sector i for the invest-
ment good sector. J¢ and J! are increasing, concave, and symmetric functions of their argument
(i.e. they are invariant under permutation of their argument) and that they are twice continuously
differentiable and homogeneous of degree one.

Each intermediate good sector ¢ can produce X and Z according to
H(X;,Z;) = F(K;, L)

where F'(-) is a CRS and concave function, H(-) is a CRS convex function, and K; and L; represent
the amount of labor and capital used in sector 7.
In most multi-sector models used in macro, the function H(X;, Z;) is simply the linear function

X, + Z;. For this case, we have the following proposition.

PROPOSITION 4 Expectation Driven Business Cycles cannot arise in a multi-sector setting if H(-) is

linear.

PROOF OF PROPOSITION {4]: In this case because of symmetry, the model collapses to a two-sector
model and the proof of Proposition 3 applies. QFED

All the above results suggest that Expectation Driven Business Cycles can never arise. However,
the following Proposition actually provides conditions under which Expectation Driven Business Cycles

can arise.

14



PROPOSITION 5 FExpectation Driven Business Cycles can arise in a multi-sector setting if the following

condition is satisfied.

pfe oty x

H
xz., H LUL,L _ LUC,L
Fr,

- h X = d Z=1.
I, )(XHX)> 0, o when C an

PROOF OF PROPOSITION [3|: In this case, because of symmetry, the temporary equilibrium can be

reduced to the following two conditions:

{ H(Cy, I) = F(K; Ly)
—Ur(C¢,1-Ly) _ Fr(KiLy)
Uc(tC,1=Ly) = Hc(Culy)

Taking the total differential of this system to obtain %, and setting this greater than zero gives the

above condition after manipulation. QED

Here we see that a necessary condition for Expectation Driven Business Cycles is that Hx 7z be
negative. One way to understand this necessary condition is in terms of decreasing returns. Given the
fixed technology, if one increases investment I, one has to reduce consumption C' or leisure 1—L. Given
that we are assuming decreasing marginal rate of transformation between investment and leisure, it
must be also be the case that we have a decreasing marginal rate of transformation between investment
and consumption, otherwise all the adjustment will be done in terms of consumption.

More generally, the above condition is rather hard to interpret, especially the left side of the
inequality. The right side of the inequality has an easy interpretation as the inverse of the inter-
temporal elasticity of labor supply (that is, the elasticity of the consumption constant labor supply).
Hence a high labor supply elasticity makes this condition less stringent. In order to better understand
the term of the right side, it is useful to expresses it terms of properties of an intermediate goods firm

short run cost function.

4.2 Interpretation

Let us define an intermediate goods firm short run cost function, Q(X, Z, K, w), as follows:

QX,Z, K,w) =miny wL

st.  H(X,Z)=F(K,L)

15



PROPOSITION 6 The intermediate firm’s production function and its associated cost function satisfy

the following relationship

Q
Hx,. , H (X-5%)

Frr Fy, ) _
H; "XHx (XQﬁX)

Lt = (L)X

PROOF OF PROPOSITION [6]: Let us set up the Lagrangian associated with the cost minimization

problem (Q) as wL + AN(H(X,Z) — F(K,L)). Then by the envelop theorem, Qx = AHx(X,Z)

and Qx 7z = ‘”‘H’giéx’z). By totally differentiating the first order conditions associated with the
e ONHx (X,Z) .
minimization problem to get =5, we can rearrange terms to get the above expression. QFED

From the above two propositions, we can see that a necessary condition for the multi-sector econ-
omy to possibly exhibit Expectation Driven Business Cycles is that Q2x 7 be negative, that is, that the
marginal cost of producing X decreases with the production of Z. The property that a cost function
for a multi-product good firm has a negative cross derivative is generally referred to as a cost com-
plementarity property. Let us emphasize that this cost complementarity condition does not violate
convexity of the cost function as long as ({2x, 7)? < (Q x,x)(Qz,z). With this result in mind, we have

the following corollary on the possibility of Expectation Driven Business Cycles:

CORROLLARY 4 IfU(C,I—L)=1logC+6(1— L) (i.e., Hansen-Rogerson preferences), then a multi-
sector economy can exhibit expectation driven fluctuations if the cost function of intermediate good

firms ezhibits cost complementarity (that is Qx,z < 0. )

PROOF OF COROLLARY [4] : This follows directly from Propositions [6] and ] when noticing that
right side of the condition in Proposition [5]is zero with these preferences. QED

In the more general case where preferences do not satisfy Hansen-Rogerson, then the condition is
that the cost complementarity be sufficiently large relative to the slope of the consumption-constant

labor supply curve.
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4.3 An Example

An example of a cost function exhibiting cost complementarity is given by

» 1
X, Z, K,w) =wK ™« ([X°+ Z°as), 0O<a<lo> -

The associated production function is

[XO' _|_ZO']% — Kl—ocLOc

An interpretation of such a production function is the existence of multi-sectorial investment adjust-

ment costs, and this structure has been used in the literature by Sims [1989] , Vallés [1997] ), Huffman

and Wynne [1999] and Kim [2003)]. []

If one assumes that preferences are Hansen-Rogerson preferences (U(C,I — L) =logC+6(1—L)),

then, using Corrolary {4l it is straightforward to prove that economy exhibits Expectation Driven

. . 1
Business Cycles if o > =.

This result can be extended to the presence of variable capacity utilization. In such a case, the

amount of curvature in the H(-) function needed to support Expectation Driven Business Cycles can

be arbitrarily small (or one can assume an arbitrarily small multi-sectorial adjustment costs). To see

this, assume the production function is
1 _
(X7 + Z7]7 = (nK;)' LY

and the accumulation equation is

A+
Kiyp=L+[1-8 — - Ky, v=>0

1+~

then the condition for Expectation Driven Business Cycles is 2001

(high elasticity of capacity utilization), o can approach 1.

>

1
=

As ~ approaches zero

"It should be noted that such a aggregate production function is also found in Benhabib and Farmer [1996], but as

the outcome of an equilibrium with sector-specific externalities.
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4.4 A General Necessary and Sufficient Condition

We have now identified an environment which has the potential of supporting Expectation Driven
Business Cycles, and we think that it is one which is easy to understand. However, this does not
mean it is the only structure that can support Expectational Driven Fluctuations, and the following
proposition states the necessary and sufficient condition for existence in the general case. Such a

condition does not receive easy further interpretations than the one we gave before.

PROPOSITION 7 When technology is given by Cy = G(Ky, Ly, I1;1), the economy exhibits Expectation

Driven Business Cycles if and only if

Gr(GrLUcr, +UcGrr +UrL)

G
LI > Gl

PROOF OF PROPOSITION [7]: The proof follows directly from the algebra of the proof of Proposition
QED

4.5 A Graphical Illustration of the temporary equilibrium constraints

Here, we present a graphical illustration of the temporary equilibrium conditions in four different
models. The diagrammatical representation will be given in the space of consumption and labor,
taking investment as an exogenous shifter. The four models we consider are: the standard one sector
Walrasian model, a model with increasing returns to scale, a model with sticky prices and a Walrasian

model with a technology which satisfies Proposition 7.

One-Sector Model : In a standard one-sector model, the temporary equilibrium is the triplet
(Ct, Ly, It) that satisfies the following Good Market equilibrium condition (GM) and labor market

equilibrium equilibrium condition (LM ):

Cy+ 1, = F(Ky, Ly) (GM)

Uc(Cy, 1 — Ly)Fr(Ky, Ly) = =Up, (LM)
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For a given level of investment I; (that depends on expectations), those two locus can be represented

on a (C, L) plane. Full differentiation of (GM) gives
dCy + dI; = FrdL

The (GM) curve is upward sloping, and shifts to the north-west when I increases.

Full differentiation of (LM) gives
(UcFLL + UrcoFr, + ULL)st + (UchL + ULc)dCt =0

Given quasi-concavity of U and F, the LM curve slopes down, and is not affected by a change in
investment I. Those two curves are depicted on Figure It is easy to see from this Figure that
Expectation Driven Business Cycles cannot occur. An increase in investment dI > 0 moves the
economy from temporary equilibrium E to temporary equilibrium E’. As LM is downward sloping,

employment increases but consumptions decreases from E to E’

A Model with Increasing Returns : Here we consider a simple analytic version of Benhabib and
Farmer [1994]. Although the result can be obtained without specifying analytical forms, we assume

quasi-linear preferences

U(Cy,1— Ly) = log(Cy) + B(1 — Ly)

and a production function with constant private returns to scale and constant social returns to scale:
- pragrl-a o 78
Yz,t - Ki,tLi,t (Kt Lt)

where L; and K; stand for aggregate levels and Kj;;, L;; for individual ones. There is a continuum
of measure 1 of competitive firms, that take aggregate levels as given. We consider symmetrical
equilibrium allocations. The temporary equilibrium of this economy can be shown to be the triplet
(Cy, Ly, It) that satisfies a (GM) and a (LM) equation, that can be written after some algebraic
manipulations

Y:

dCy +dI; = (1 — a+ B)—dL, (GM)
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dCt = (ﬁ — Oé)det (LM)

As in the standard model, the GM curve slopes up, and shift to the North-West with 7. Similarly, the
LM curve position is independent of I. If the externality on the labor input 3 is mild (less than «/), the
LM curve slopes down, and there cannot be Expectation Driven Business Cycles. If the externality
is large enough (8 > «), then LM slopes upwards. It is easy to check that in that case

slope of (GM) (-« Cy
slope of (LM) 1+f8—-a Y

so that (LM) is steeper that (GM )E| Those two curves are depicted on Figure 4|in the case § > «. In
such a model, Expectation Driven Business Cycles can occur as seen in the figure. In particular, an
increase in investment corresponds to a shift along the upward sloping (GM) condition and therefore

is associated with a rise in both consumption and employment.

A Sticky-Price Model: Let us consider here a very simplified model with money. We assume
standard preferences and technology. Money cannot be carried over from one period to another, is
distributed in every period to household in a lump-sum way, and has a positive price because it is

needed to buy consumption. In such a case, the household problem is given by

maXe r, pd Ey Zt 5tU(Ct, L)

s.t. P.Cy + Pl + Mf < Pawy Ly + Pz Ky + M,
K < (1— 0K, + I,
PCy < Mg

where P is the nominal price level, w and z are the real rental prices of labor and capital, M? nominal
balances demand and M the monetary lump-sum injection. On the firm side, we assume competitive
behavior, so that the representative firm equalizes marginal productivity of factors with their rental
price. In this economy, the flex-price temporary equilibrium allocations can be described by the

following three equations, where (M M) is the money market equilibrium condition:
Ci+1,=F(K,L) (GM)

Uc(C,1 — L)F(K,L) = —Uy (LM)

8 The condition 8 > « corresponds to the upward sloping labor demand condition of Benhabib and Farmer [1994].
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Cr=— (MM)

Not surprisingly, money in neutral in a temporary equilibrium: for a given level of investment Iy,
(GM) and (LM) determine consumption and worked hours, while (M M) sets the price level. We
now assume that prices are preset, so that they are fixed in a temporary equilibrium. We also assume
that when prices are not at their Walrasian levels, labor market allocations are always determined by
labor demand. Under those conditions, a fix-price equilibrium is a (Cy, Ly, ;) that satisfies equations
(GM) and (M M), the labor market being generically not in equilibrium.

Equations (GM) and (M M) are drawn on Figure A shock on expectations that increases
investment moves the economy from F to E’. As prices are fixed, consumption does not move. In
a weak sense (dI > 0, dL > 0 and dC > 0), one gets Expectation Driven Business Cycles. This
fix-price temporary equilibrium allocation corresponds to the 1S — LM model in the specific case
where money demand depends positively of consumption (and not total income), and is inelastic to
the nominal interest rate. One could easily obtain a positively (but not infinitely) sloped (M M) curve,
and therefore the existence of Expectation Driven Business Cycles in a strong sense ((dI > 0, dL > 0
and dC > 0)) by allowing for a more richer modelling of money demand. H We think that this simple
example is enough for the point we want to make.

Walrasian model with economies of scope: Here we make the use of our G function terminology.
The temporary equilibrium of this economy can be shown to be the triplet (Cy, L¢, I;) that satisfies a

(GM) and a (LM) equation, that are given by

Cr = G(Ky, Ly, I) (GM)
Uc(Cr, 1 = Li)Gr(Ky, Li, It) = =UL(C, 1 — Ly) (LM)
As already noted, the simple one-sector model corresponds to the case Gy = —1. By full differentiation

9In the setting we have proposed here, including nominal labor income in the cash constraint would give rise to
Expectation Driven Business Cycles in a strong sense.

21



of (GM), we obtain

dCy = GrdL; + Gydl;.

The (GM) curve is again upward sloping, and shifts to the north-west when I increases because

G < 0. Full differentiation of (LM) gives

(UcGLL + UrcGp, + ULL)dL -+ (UccGL + ULc)dCt +UcGridl; =0

Given quasi-concavity of U and F, the LM curve slopes down again. What is different is that it is
affected by a change in investment I: an increase in investment shift the curve to the North-East if
Gy is positive. In the standard one sector model this was not the case as Gy = 0. Those two curves
are depicted on Figure [6] A necessary condition for the occurrence of Expectation Driven Business
Cycles is that the LM curve shifts to the North-East for dI > 0. A sufficient condition is that it
shifts enough, to guarantee that E’ is in the positive orthant with origin E. This sufficient conditions

involves G 1 and the slope of (GM). In words, G1; should be large enough.

4.6 Expectation Driven Fluctuation and the Structure of Phase Diagrams

Phase diagrams are often used in economics as a tool for understanding how dynamic systems, with
forward looking components, react to announcements of a future changes in fundamentals. In partic-
ular, in the case of a saddle path stable equilibrium, the properties of the system’s dynamics between
the time of an announcement and the implementation of the announced change are governed entirely
by the properties of the system’s unstable paths. In effect, following an announcement, the perfect
foresight path in a stable equilibrium involves a jump to an unstable path and an evolution along that
path until the announced change takes effect; hence these dynamics can be captured in a phase dia-
gram. As is well known, the dynamics induced by announcements mimic closely the dynamics induced
by an expected change in fundamentals in a stochastic version of the same system. For this reason,
it is of interest to examine the link between the conditions derived in section 4 and the nature of the

phase diagram of the continuous time market economy which satisfies these conditions. For example,
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by examining the properties of the associated system’s phase diagram we will be able to show that our
conditions for the possibility of Expectation Driven Business Cycles translate in to a particular struc-
ture for the unstable paths. In effect, our condition for the possibility of Expectation Driven Business
Cycles produces unstable paths that necessarily involve positive co-movement between consumption
and capital (as well as investment and employment) when starting from the steady state.

Let us begin by reviewing the nature of the phase diagram of a one-sector model with the prefer-

ences of the representative household given by
o0
/ U(Cy, 1 — Ly) exp™ dt
0

with U(Cy, 1 — L;) satisfying the conditions outlined in section 2 (i.e., quasi concavity and normality of
goods). Technology is given by a constant returns to scale and concave producing function F'(Ky, L)
and capital accumulated according to

K=1-0K

Under these conditions, it is easy to verify that the phase diagram associated with the Walrasian
equilibrium of such an economy will take the form depicted in Figure [I]in the proximity of the steady
state. As can be seen in this Figure, the stable arm of the system is positively sloped and the unstable
arm is negatively sloped. Therefore, in such a system, if there is an announcement when the system
is initially in its steady state, it will necessarily induce negative co-movements between consumption
and capital accumulation. For example, without needing to specify the source of the announcement,
we know that if the announcement leads to a jump up in consumption, it places the system on a path
with increasing consumption but falling capital, that is a path with negative co-movement between
consumption and capital. If the announcement leads to a negative jump in consumption, it places the
system on a path of falling consumption and increasing capital. Hence, regardless of the source of the
announcement, in creates negative co-movement.

Let us now contrast the properties of the phase diagram in Figure[I] with that of a economy with the

same preferences and accumulation structure, but where the technological opportunities are instead de-
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scribed by the set Cp < G(Ky, Ly, I;) where G(+) satisfies the condition Gy > GI(GLUCLC—;L[{;:'CGLL"FULL)’
which has be proven to be the necessary and sufficient condition for the existence of Expectation
Driven Business Cycles in Proposition (7] In this case, the K = 0 is implicitly defined by the system
of three equations, I — 0K =0, C = G(K,L,I), -Ur(C,1—-1L)=GL(K,L I)Ux(C,L). Those
equations imply that gTC; > 0. Therefore, the slope of this locus remains positive, but the space above
it is now associated with decreases in K. Hence, the stable arm maintains a positive slope, but with
a slope which is smaller that that of the K = 0 locus. Given that the system is saddle path stable,
in this case the unstable arm must have a positive slope that is greater the slope of the K = 0 locus.
Consequently, the configuration of the phase diagram is as depicted in Figure

There are two main aspects to note when comparing Figures [1| and [2| First, both have positively
sloped stable arms and hence their transitional dynamics have similar quantitative properties@ Sec-
ond, and most important, the slopes of the unstable paths above and below the system’s steady state
are reversed. In Figure [2| when starting at the steady state, any announcement will induce a positive
co-movement between consumption and capital. In effect, if the announcement leads to a jump up in
consumption, it will be followed by further increases in consumption and capital. Similarly, if the an-
nouncement leads to a decrease in consumption, it will again lead to a positive co-movement between
consumption and capital. Hence, in this case, we can unambiguously say that announced changes in
fundamentals creates positive co-movement between consumption and capital and therefore announced
changes (or expected changes) in fundamentals in this setting are potential sources of business cycle
type fluctuations. Note that such positive co-movement between C and K induced by announcements

in Figure [2/ should not be surprising given that the condition G > &I (G UCLJL[{JCCGLL +UrL) guarantees

a positive co-movement between the growth of consumption and the growth of investment on all the
trajectories (stable and unstable) in Figure [2| since all these trajectories must belong to the same

temporary equilibrium surface.

Even though the transitional dynamics of both systems is governed by a positively slope stable arm, their transitional
dynamics are not identical. In the transitional dynamics underlying Figure [1} there is a negative co-movement between
the growth rate of consumption and the growth rate of investment, while it is positive in Figure E}
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As a last note on the phase diagram, it is of interest to note how the system depicted in Figure
would evolve following an announced change that is eventually not realized. E In this case, the
economy would appear to go through a cycle, either starting by a boom followed by a bust, or starting

by a bust and then a boom.

5 A Complete Example of Expectation Driven Business Cycles un-
der Rational Expectations
Up to now, we have identified a set of properties that a model must satisfy if changes in expectations
are to cause positive co-movement between consumption, investment and employment. In this section
we present a fully developed example whereby Expectation Driven Business Cycles arise under rational
expectations. For this to be possible, two conditions must be met. One the one hand, there must
be a driving force which is at least partially predictable in order to have an independent role for
expectations. Second, the environment must satisfy the conditions outlined in section 4, which implies
the presence of more than one sector. One possibility would be to consider the effect of expected
changes in technology. However, given we are in a multi-sector environment, modelling an expected
technological change is complicated by the fact that we must specify which sector is affected and
that the results are sensitive to such speciﬁcationl?] We choose to focus on tax changes in order to
bypass this difficulty and to allow a better understanding of the mechanisms. We will assume that
agents receive information about a tax change before it is actually implemented. Hence, agents will
react to this information, which will be the underlying fundamental driving force behind expectations.
On the production side, we will adopt the multi-sector (or intratemporal adjustment cost) framework
presented in the example in section 4. We will compare the behavior of the model under the assumption
that o = 1 (one-sector or no intratemporal adjustment cost) and the case where o > 1, for both the

cases when the tax change in anticipated and when it is not. As we will see, the models’ implications

11 Our interest in this case is that such a sequence of events corresponds rather closely to what would happen in this
system if agents make an expectation error, that is, if agents expect a change in fundamentals and such a change does
not materialize.

12 For example, expected technological change in the capital goods producing sector generally causes a recession, while
expected technological change in the consumption good sector can generate a boom.
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are almost identical when the tax change is an entirely unanticipated shock, but that the two models
(i.e., models having different o) differ dramatically in their responses to news about future tax changes.

The non-stochastic aspects of the model are standard in that we assume that instantaneous utility
is given by log Cy + n(1 — L;). The only non-standard feature of the model is the specification of
the aggregate production function, which is given by (aCy +bIt")§ = A(Kyu) ~*(XLy)*. Note
that o = 1 corresponds to the standard one-sector model. As explained in section 4, ¢ > 1 can be
interpreted as reflecting the presence of firms with economies of scope.

We introduce into this economy a capital income tax 73; and a labor income tax 74, and we assume
that the proceeds of those taxes are redistributed to households in a lump sum way. Hence, these taxes
simply create distortions in the economy and have no other role. In such a case, it is straightforward

to verify that the walrasian equilibrium allocations are the solution to the following set of equations:

Ul(Ct, 1-— Lt)GL(Kt, Lt, It)(]. - Tgt) = UQ(Ct, 1-— Lt) (18)

Cy = G(Ki, Ly, Iy) (19)

Gr (K41, Liga, L) (1 — Tey1)
_GI(Kt7 Lt7 It)

U(Ci,1 = Ly) = PE; Ul(Ctlal_Lt—i—l)(

Gl(KtH,LtH,ItH))]

+(1 -9 20
( ) GI(KtaLtaIt) ( )
Kipw = I+ (1-08)K.. (21)

The parameters values we use are presented in table [I} The length of a period is set at a quarter.
The parameters (a, d, 1, 3, ) are set to values commonly accepted in the literature. The parameters
a and b of the aggregate production function are set to one, so that we have the standard one-sector
model when ¢ = 1. In the case with productive complementarity, we assume that ¢ = 1.65, which
is slightly above the limit value 1/a (=1.5) that we have computed in the previous section. Using
the same functional form of intratemporal adjustment costs, Vallés [1997] calibrates o to match the
estimated responses of investment to three shocks: a preference shock, a technological shock and a

shock to intratemporal adjustment costs. He obtains a value o = 1.8. A specification similar to our is
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also used in Sims [1989], where it is assumed there, without justification, that o = 3.

We assume an initial 20% uniform income taxation, so that 7 = 7, = 20%. The shock is a
permanent four hundred basis points cut in both tax rate (from 20% to 16%). This shock is either
a surprise in period one; or is announced in period one and implemented five periods ahead. Of
course, a more complex shock structure would be needed to reproduce fluctuations, allowing also for
technology shocks, noisy signals and gradual resolution of uncertainty (see Beaudry and Portier [2004a]
for a richer modeling of the informational structure in a setup with news about future productivity
growth). Here, we are only interested in conditional responses to news, we think it is more illustrative
to keep a simple shock structure.

We check that with those parameters, consumption represents 75% of output, capital is 9.18 times
quarterly output, the labor share is two-thirds and the steady state level of worked hours is 18% of

the period time endowment.

Table 1: Parameters Values

o degree of productive complementarity 1 or 1.65
a share of labor icome 2/3

n  # of periods in advance the news occurs 5

6 depreciation rate 125

n  disutility of leisure parameter 5

B psychological discount factor .9899
a production function parameter 1

b  production function parameter 1

Given those parameters values, we solve for the Walrasian equilibrium by log-linearizing equations
(18)- (21) to obtain an approximate solution to the model. We then compute impulse response

functions for the model with and without economies of scope.

5.1 Responses To a Tax Cut Surprise and to a Tax Cut News

Let us first consider responses to a tax surprise in the two cases o = 1 (standard one-sector model)
and o = 1.65 (multi-sector model with economies of scope). Four variables are plotted in figure 7} the

income tax rate, worked, hours, consumption and investment. Each variable is expressed in percentage
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deviation from the initial steady-state. In both versions of the model, an unanticipated permanent
decrease in the income tax rate permanently increases consumption, investment and hours. The
qualitative response of all variables is similar in both versions of the model, as the tax cut surprise
creates an aggregate boom. In the case with ¢ = 1, investment and hours overshoot in order to
smooth consumption. Notice that in the multi-sector case, the productive complementarity dampens
investment response and pushes up the response of consumption. This comes from the fact that there
is less of a tradeoff here between investment and consumption.

We now turn to a tax cut announcement in period 1, that is implemented in period 6. Figure
presents the responses of the four variables under consideration during the interim periods (the first
five periods), i.e. between the announcement date and the implementation of the tax cut. The two
models are now qualitatively very different. In the case of ¢ = 1, consumption increases on impact
because of a wealth effect, stays above its initial steady state level but decreases after period 1 until
the tax cut is effectively implemented. Simultaneously, investment and hours decrease on impact and
during interim periods. Therefore, the announced reduction in distortionary taxes creates a recession
in output, investment and hours. In contrast, the figure shows that in the multi-sector model all
variables increase on impact and during the interim periods: hence the tax cut announcement creates

an expectation driven aggregate expansion.

6 Conclusion

In this paper, we have shown that: (1) Expectation Driven Business Cycles are possible in simple
neo-classical settings, meaning that strictly positive co-movement between consumption, investment
and employment can arise in simple perfect market settings as the result of changes in expectation;
and (2) most commonly used macro models restrict the production possibility set in a manner that
precisely rules out the possibility of Expectation Driven Business Cycles in the presence of market
clearing. The main technological features we identified as being necessary for Expectation Driven

Business Cycles is that of a multi-sector setting where where firms experience economies of scope.
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In closing, let us emphasize that a model which allows for Expectation Driven Business fluctuations
is a close cousin to a simple Keynesien cross model since in both cases an autonomous increase in
investment leads to a more than one-for-one increase in output. Our results therefore can be thought
as linking the possibility of Keynesian Cross type phenomena with a technological feature that is close
in spirit to those emphasized in the Complementarity and Coordination literatureE In particular,
our results identify technological conditions under which business cycles may arise as a purely demand
driven phenomena, as in traditional Keynesian models, even in the absence of sticky prices, imperfect
competition, increasing returns to scale or externatilities. In this sense, our analysis highlights a new
mechanism which may help explain why market economies may exhibit business cycle fluctuations

driven by changes in expectations.
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Appendix

A Another Formulation of the Expectation Driven Business Cycles

In this appendix, we explicitly consider the fact that agents at time ¢ have a (possibly subjective)
distribution for ¢ and I;11, that is, they are endowed with a joint probability density function for

these two variables, which we denote by ® (41, It+1). In this case, the conditions

Ux(Cy, 1 —Ly) = Ui(Cy, 1 — Ly)Gr(Ky, Ly, Ity ) (22)
Ci = G(Ky, Ly, It;ay) (23)

Gr(t+1) Gr(t+1)
U(Cy,1 - L = E Ce . 1—1L _ 1-0)———~ 24
1( ty t) ﬁ t U1( t1y t-‘rl)( —G[(t) +( ) G[(t) ) ( )
Kip1 = Li+(1-8)K,. (25)

plus the two conditions

Us(Coy1,1 — Liy1) = Ui(Cig1,1 — L) G (K1, Ligas I ig1) (26)
Ciy1 = G(Kipi1, L1, Lepr; he41) (27)

simultaneously define a distribution for Cyy; and Liy1, as well as values for Ly, Iy, Ki11,C; as a
function of ®(-). Then, in this framework, we can ask when can a change in ®(-,-) leads to a positive
co-movement between Ly, I;, Ki11,C;. The answer is precisely when the surface defined by the two

equations and of the main text has the property that %—? > 0 and % > 0.

B A Model with Time to Build

Here we examine a time to build model that possesses more than one state variable. The model can

be described as follows. Preferences have the standard form.

Ey» B'U(C, 1~ Lt). (28)
t=0
Output is produced according to
Y, = F(Ky, Ly). (29)
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To model time to build, we use the formulation of Kydland and Prescott [1982] and Christiano and

Todd [19976]. Investment in period ¢ is given by

L= Y wiSi (30
j=1

where Sj; is the volume of projects j-periods away from completion at the beginning of period t and w;
is the resource cost associated with work on a project j periods away from completion, for j =1, ..., n.

Investment projects progress according to
Sji41 =Sjq1p for 1 <j<n (31)
and starts during period ¢ are represented by S, ;. Thus the capital stock evolves according to
K1 =(1-06)K+ Si+ (32)

In the following, we restrict ourselves to n = 2 without loss of generality for the result. The optimal

allocation program can be reduced to

max Fjo ZﬁtU [F[(1=0)Ki—1+ So—2,Li] + (1 = 0)((1 — 6)Ky—1 + S24—2) —wiS2,1—1 — waSa¢, 1 — Ly
t=0

So¢,Lt

with Ko and S1 given. The first-order conditions associated with this program are

Cr+wiSip +waSey = F(Ky, Ly) (33)

Ui(C, 1 — L) Fo(Ky, L) = Ux(Cy, 1 — Ly) (34)

Ui(Ct,1 — Ly)wa + BE: [Ui(Cy1,1 — Lig1)wn] = B3 E; [U1(Cty2,1 — Lito) (F1 (Ktyo, Lit2) + 1 — 0)]
(35)
and a transversality condition.

In a given period ¢, K; and Sy, are given. A temporary equilibrium of this economy is a triplet
(Cy, Ly, Sat) that satisfies equations and . Here, Sy stands for new investment. Let us define
the G function as

Cy = G(Ky, Ly, S1t,S24) = F(Ky, Ly) —w1S14 — waSay
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As previously shown, a necessary condition for Expectation Driven Business Cycles is Grg, > 0. In
the time to build model Grg, = —w2 < 0, so that one cannot generate Expectation Driven Business

Cycles.

C Figures

Figure 1: Phase Diagram in a One-Sector Model
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Figure 2: Phase Diagram in a G Model Economy

Figure 3: The Standard One-Sector Model
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Figure 4: A Model with (enough) Increasing Returns (5 > «)
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Figure 7: Response to a Tax Cut Surprise
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This figure shows the response of the tax rate, worked hours, consumption and investment to a perma-
nent tax cut of 400 basis points. This tax cut is unexpected and implemented in period 1. All variables
are expressed in percentage deviations from their initial steady state level.
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Figure 8: Response to a Tax Cut News
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This figure shows the response of the tax rate, worked hours, consumption and investment to a per-
manent tax cut of 400 basis points. This tax cut is announced in period 1 and implemented in period
6. All variables are expressed in percentage deviations from their initial steady state level.
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