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Abstract

This paper provides a partial equilibrium perspective on the behavior of consump-
tion in DSGEs. It considers two benchmark dynamic general equilibrium models, one
closed economy, and the other open economy. It shows that, in the calibrated versions
of these models, the real interest rate is essentially fixed. One manifestation of this
assumption is that, with separable preferences, the reaction of consumption to TFP
shocks is flat: the random-walk permanent income hypothesis holds almost exactly,
pretty much as in a partial equilibrium consumption-savings problem. These results
explain the prominent role of aggregate demand, and how it is achieved, in modern

DSGEs.
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1 Introduction

Modern DSGESs are viewed as the epitome of modern general equilibrium macroe-
conomic analysis. Complex dynamic-programming problems are solved by a
number of interacting optimizing agents, leading to equilibrium relations im-
mune to the Lucas critique. These relations balance general equilibrium forces
coming from the supply-side effects of exogenous technological change and from
the demand-side effects of exogenous changes in spending, together with the ef-
fects of other shocks. These forces are finely amplified (or moderated) by a
host of frictions as nominal rigidities, collateral constraints, balance-sheet ef-
fects, etc. There is nowadays a menu of models that one can choose from in
order to simulate the effect of shocks, and in order to study optimal policy
responses. This constitutes an impressive intellectual achievement.

In this paper we will argue that the emphasis of the literature on general
equilibrium (GE) may be somewhat overstated. The reason is the following, and
it is the focus of the paper. In the class of one-consumption-good DSGE models,
either closed or open economy, one price, mainly the real interest rate, generally
features very limited general equilibrium behavior, being essentially fized by the
parametrization used to match the data. The class of closed economy models
considered to prove this point stems from the New Keynesian model with so-
called “bells and whistles” introduced by Christiano, Eichenbaum, and Evans
(2005) and later used by Smets and Wouters (2007) and Justiniano, Primiceri,
and Tambalotti (2010), among others (henceforth NK-BW). The class of open
economy models considered stems from the one-good Small Open Economy
RBC model, originally introduced by Mendoza (1991), and subsequently used
by Schmitt-Grohe and Uribe (2003) and Aguiar and Gopinath (2007) (among
others) (henceforth SOE-RBC).



The implication of a fixed interest rate is, of course, that consumption dy-
namics in these models are no different than in earlier generations of partial
equilibrium models of permanent income consumption, as for instance, Hall
(1978), Campbell (1987), Campbell and Deaton (1989), etc. We believe that
this observation is worth highlighting, given the primary role consumption plays
in modern DSGE analysis. First, at some level, consumption plays a key mod-
eling and conceptual role, considered by many a central aggregate demand
determinant. In fact, precursors to modern NK models only included consump-
tion on the demand side (see for instance the model used by Campbell 1987 to
study the behavior of savings, or the bare bones NK model, presented recently
by Gali 2008.) Second, consumption plays a key empirical role in the case of
U.S. business cycles, where the lion’s share of GDP (above 60% during the
post-war period) is composed by private consumption expenditures. This is a
fact shared by other countries!.

But why is it that quite different strands of models use parametrizations
in which consumption is essentially determined in partial equilibrium? An
interpretation based on our findings is that this allows both literatures to rely
on aggregate demand channels in order to explain fluctuations in consumption.
This is achieved either via direct exogenous shifters in consumption (Smets and
Wouters 2007; Justiniano, Primiceri, and Tambalotti 2010)?, or by shocks to
the trend of productivity, which move consumption (and the current account)
in anticipation of future income (Aguiar and Gopinath 2007). Without an

essentially fixed real rate, this would not be possible.?

1Just to name a few, the share of private consumption to GDP is above 50% in Canada, Germany,
France, Argentina, and Mexico.

2These shocks are called preference or risk premium shocks, among other names.

3In the final remarks of the paper we develop the specifics of each case, and make precise links of this
interpretation to the literature.



The result that many ingredients in these models work towards limiting
movements in the real rate is not easy to see because this mechanism is mud-
dled by a number of departures from the simple dynamic consumption-savings
problem under certainty equivalence. The contribution of our paper is precisely
to isolate the combination of functional forms and shocks that allow to clearly
visualize this feature of the models, without modifying the conceptually key
building blocks of these classes of models, as for instance the presence of capi-
tal accumulation and production, nominal and real frictions as price stickiness
in the NK-BW model, capital adjustment costs, or the use of an elastic debt
premium in the case of the SOE-RBC model. In fact, it is a bit surprising that
none of these latter ingredients matter for the result.

The isolation of the ingredients necessary for our purposes relies on previ-
ously obtained theoretical results in the case of simpler models. The random
walk behavior of consumption was first established (to the best of our knowl-
edge) in Blanchard, L’Huillier, and Lorenzoni (2013) (Online Appendix Section
6.4.2) in the case of a bare bones New Keynesian model. Similar results were
established in Cao and L’Huillier (2017) for a Small Open Economy RBC model
without capital and inelastic labor. These results form the basis for the numer-
ical exploration of the full-blown models addressed in this paper.

Specifically, we proceed as follows. First, we identify a parameter region
in both classes of models where the real interest rate is exactly fixed and thus
consumption behaves exactly as in a random-walk permanent income model.
For both models, the parameter region features no habit formation. Moreover,
in the case of the NK-BW model, the parameter region is one where al) prices
are very sticky or the interest rate rule is very accommodative to inflation,

and bl) the interest rule does not react to output. In the case of the SOE-RBC



model, the parameter region is one where a2) the discount factor is close to one,
b2) the elasticity of the interest premium is close to zero, and c2) the steady
state level of debt is zero?, with the requirement that b2) holds more strongly
than a2), i.e. the elasticity tends to zero faster than the discount factor tends
to one. We refer to this parametrization (for each model respectively) by “limit
parametrization”. Thus, in this region, consumption’s reaction to technology
shocks is entirely and solely determined by the long-run level of income (or,
equivalently, TFP). Indeed, after a permanent impulse to TFP, consumption
jumps to that level and stays there. By the same logic, consumption does not
react to temporary TFP shocks, because they do not raise long-run income.
So, consumption is flat and features no fluctuations around the long-run level
of income.

Second, we show that for the usually adopted calibration of both models in
the literature, the behavior of the real rate and consumption is quite close to the
one obtained in the limit parametrization. The implication is that consump-
tion is almost entirely driven by permanent shocks, as established by variance
decomposition.

The intuition for why these parameter regions deliver an almost constant real
interest rate is as follows. In the NK-BW model, when prices are very sticky
inflation does not move, and therefore the rate determined by the nominal
interest rate rule does not move either (so long as the rate does not react to
output.) As a result, the real rate is constant. In the SOE-RBC model, when
the elasticity of the interest premium is small, the domestic real interest rate is
constant and equal to the foreign rate. Note that these findings are not entirely

obvious given that there are multiple differences between the two models. To

4This last condition is not necessary for obtaining that consumption dynamics are flat, but they are
necessary to obtain that consumption jumps to the same level than long-run productivity.



mention some of these differences, consider first goods markets. The NK-BW
model features monopolistic competition and Calvo price stickiness, while the
SOE-RBC model features a competitive market with flexible prices. In terms
of labor markets, the NK-BW model features Calvo wage stickiness and the
SOE-RBC model features, again, a competitive market. Moreover, the NK-
BW model is closed economy, and the SOE-RBC is open economy. Because our
limit parametrization is close to standard, our results imply that these elements
of the specification (among others not described) are largely irrelevant for the
conditional behavior of consumption after TFP shocks. Importantly, as shown
in the body, the parameter regions identified above are relevant because they are
close to standard paramterizations obtained either by calibration or estimation
of both the NK-BW and SOE-RBC models in the literature.

If consumption is essentially determined in partial equilibrium, what general
equilibrium effects are then present in these models? In fact, these models
feature rich general equilibrium effects on other endogenous variables. In the
NK-BW model, general equilibrium effects produced by changes in consumption
successfully generated procyclical movements of investment, labor supply, and
output. When consumption rises, firms hire more labor and invest more. This
increases output. The reaction of the monetary authority to dampen these
movements is quite modest. In the SOE-RBC model, general equilibrium effects
generate, instead, a fall in output when consumption rises. This is due to the
well known income effect. Investment, instead, rises as firms anticipate higher
profits in the future. In the body, we show simulations that illustrate these
effects.

The rest of the paper is organized as follows. The next Section lays down

both models. Section 4 presents first the optimality conditions of the models,



and then all numerical results. Section 5 contains final remarks.



2 The Models

In this Section we present the models. We start by the elements common to both
models. We then specify the remaining elements of the NK-BW. Immediately

after we specify the remaining elements of the SOE-RBC model.

2.1 Elements Common to Both Models: Total Factor

Productivity and Preferences

Productivity a; (in logs) is the sum of two components, permanent, z;, and
temporary z;

ar = Ty + 2 (1)

The permanent component follows the unit root process

Azy = p,Axy_q + & (2)

The temporary component follows the stationary process

2 = P21+ M (3)

The coefficients p, and p, are in [0,1), and &, and 7, are i.i.d. normal shocks
with variances o2 and o7.

Preferences are given by

E

o0 1 1
t 1+ .
;5 (m(ct — hCy_1) — m/@ N ‘de)]

where C} is consumption, the term hC;_; captures internal habit formation, and

Ny is the supply of specialized labor of type j. As explained in the introduction,



using the same separable preferences in both models will allow us to 1. establish

the random walk property of consumption, and 2. compare accross models.

2.2 Remaining Specification of the NK-BW Model

The model is standard. The household budget constraint is
- 1
P.Cy+ P, + PCU)K, 1+ B, = R By 1 + / W Njidj + RFK,
0

where P, is the price level, I; is investment, C(U;) is the cost associated with
capital utilization in terms of current production, K; is the stock of capital, B,
are holdings of one-period bonds, Ry is the one-period nominal interest rate,
W, is the wage of specialized labor of type j, and RF is the capital rental rate,
and K are capital services rented (and used).

The Fischer equation gives the definition of the gross real rate of interest
R;:

Py
— RE | 1t
B =Fy {PtJrl}

The capital stock K; is owned and rented by the representative household

and the capital accumulation equation is

Ki=01—=0)K,_,+ {1—x< ! >]It

L

where adjustment costs in investment are captured by

(0)=3 ()

The model features variable capital utilization and the capital services provided



by the capital stock K,_; are
Kt = Uth,1
where U, represents the degree of capital utilization. The cost associated with

capital utilization in terms of current production is given by

1

= Ut
1+¢

C(U)

Final good producers. The final good is produced using intermediate goods

with the CES production function

1 1 1+pp
ﬁszﬁwﬂ
0

where p, captures a constant elasticity of substitution across goods.

Final good producers are perfectly competitive and maximize the profits
subject to the above production function, taking intermediate good prices P;; as
given and final good price P; such that final good producers profit maximization
problem is

1
maXPtY;—/ Py Yy di
Yit 0

Intermediate goods producers. There is a continuum of intermediate goods
producers where each producer produces good ¢ with following production tech-
nology

Yi = K§ (ANy)' ™

where K;; and Ny are capital and labor services employed and « € (0, 1) repre-

sents capital’s share of output. Asin the SOE-RBC model below, the parameter

10



At = e*,
Intermediate good prices are assumed to be Calvo-sticky. Each period inter-
mediate firm ¢ can freely adjust the nominal prices with probability 1 — # and

firms that cannot adjust prices (with probability @) set their price according to
Py = Py 10y 1T
where II is the steady state level of inflation.

Labor markets. A representative competitive firm hires the labor supplied
by household j and aggregates the specialized labor supplied by the households

with the following technology

1 1 1+pw
N, = [ / N;dej}
0

where 1, is a constant elasticity of substitution among specialized labor.

Wages are Calvo-sticky. For each type of labor j, the household can freely
adjust the price Wj, with probability 1 —6,, and those that cannot adjust prices

(with probability 6,,) set their price according to
Wis = Wiy (Ht—1€Aat71)Lw (H)libw
where II,_; is inflation at ¢ — 1.

Monetary policy. Monetary policy follows the following interest rate rule
ﬁ B c P E'Yw Yt/At Y\ L—pr
Re  Re 1T Y/A
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Market clearing. Market clearing in the final good market requires
Ci+ I+ CU) K1 =Y,

and market clearing in the market for labor services requires

1
| Nadi =
0

As Christiano et al. (2005), we define output gross of capital utilization costs.

2.3 Remaining Specification of the SOE-RBC Model

The specification is standard. Here, following the literature, there is no labor
heterogeneity and thus Nj; = ;.

Maximization of household utility is constrained by
Ci+ 11+ B =Y + Qi By

where (Y, I; and Y; are the consumption, investment, and output of the country,
B; is the external debt of the country and @), is the price of this debt.
Output is produced with capital and labor inputs through a Cobb-Douglas

production function

Y, = K (AN

where a € (0, 1) represents capital’s share of output. The parameter A, = e®.

The resource constraint is

Ct‘f’]t‘i‘NXt:}/t

12



where N X, are net exports. Following Aguiar and Gopinath (2007), the law of

motion for capital is

v K 2
Ki=(1-0K,1+1 —— L 1) K.
t=( NKi1+ 1 2(Kt1 ) t—1

Capital depreciates at the rate J, and the (quadratic) capital adjustment cost

1% Kt 2
— —1) K;_
2 (Ktl ) =

Following Schmitt-Grohe and Uribe (2003) and Aguiar and Gopinath (2007),

is captured by

among others, the price of debt is sensitive to the level of debt outstanding

&:Rt:R*er{e%_b—l}

where R; denotes the real interest rate, R* denotes the exogenous world interest

rate, and b represents the steady state level of the debt-to-output ratio.

13



3 Optimality Conditions and Steady State Con-
ditions

Following standards steps, we derive the optimality conditions (for both models)
and log-linearize. Here we present the FOC and deterministic steady state
relations for both models, which allows us to comment on the assumption that
the steady state level of debt in the SOE-RBC needs to be set to zero in order to
more easily compare across models (on p. 21). All details of the log-linearization

are given in the Appendix.

3.1 NK-BW Model: Optimality Conditions

Households. The FOC for consumption is

1 1
S S S
c—ne,  Phehe M

where A, is the multiplier of the budget constraint. The FOC for bond holdings

18
Ay

Ay
—— + RC
PR

=0

The FOC for investment

Aty |y (1) |1 X (T 2+5 L\ (I )| _y
¢ t [ X I, t+1 5 1, 5 1, 1, =

where @, is the multiplier for capital accumulation. The FOC for capital

Oy — BA1C(Up1) = B(1 = 0) Ppy Ky =0

14



Remain the budget constraint and the capital accumulation equation

Bii., B W, RF _
;Tthfl - FZ + F;Nt + FiKt - Ct - It - C(Ut)Kt,1 = 0
_ _ I 2
Ri—-(1—0OK_ —[1-X( 1) |1_,=0
2 \ 11

The optimality condition for capacity utilization U, is the solution to
HanX (Rf/]jt) Uth_l — C(Ut)}?t—l
t

which yields
R} /P, =C (U;) = ¢UF

Final good producers. Final good producers maximize
1
max PY; — / Py Yy di
Yir 0

which gives the demand for intermediate good ¢

_ 14+pp

Py Hp
Y=Y, (22
(%)

Since final good producer derives zero profit,

1 Hp
p=| [ rira

Intermediate goods producers. From the demand for intermediate good

Yit, 1tp is the constant markup for monopolist i. The cost minimization problem

15



for the monopolist is
in R Ky + Wy
Kril,lf{/'ln t it + w4 Vit

subject to the production technology

K& (ANy)' ™ =Yy,

From the cost minimization problem, we obtain following FOCs:

RF — MCaKS™ (ANy) ™ =0

W, — MCy (1 — o) KSA" N = 0

Because of constant returns to scale all intermediate good firms choose the

same capital labor ratio
Kt « Wt

ﬁt_l—aR_f

and the nominal cost of producing Yj; is MC; - Y;, where M} is the marginal

cost

1 N W l1—a
iy (%)

a® (1 —a)
Calvo pricing implies that with probability (1 — 6) firms change price and
maximize

E

t+s

00 A ) ~
> 082 (Pudiys — My ) Yiers
5=0

where I, is the indexing function

jt+s = Hi:l (H;ilflnl_bp)
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The optimality condition is then

=0

Ay s ( = 14p MCt+s)
9858 [ S b+ Y; S
Z Pyys \ iy " Hp Py "

Labor markets. Demand for variety j is

and the equilibrium wage is

e | [

Calvo pricing for wage implies that with probability (1 — 6,,) workers can

adjust their wage and maximize

s 1
Z 0.,8° pf ( thuotssWieNjews — mletiﬁ)]

The optimality condition is then

Avys - 1+ i, Nivy
02 3° s — ) Nys| =0
Z Wl 5 — Py (Mw t+ e Wi jt+

3.2 NK-BW Model: Steady State Relations

We look for a steady state of stationary variables. This means that, because
of the unit root in a;, we need to normalize some of the variables. We denote

steady state values by removing the time subindex.
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From the intertemporal condition we obtain

R =

Sl

From the optimality condition for investment, we can see that

AA = DA

where AA is the multiplier multiplied by A, which is stationary, and similarly
for ®A. In addition, the steady state value of the investment adjustment cost

18

x(0)=0
Also, in steady state
U=1
SO
cC=1

and from the Euler condition for capital we get

R’“/P:%—(l—é)

where R¥/P is the steady state real rental rate. From optimality of prices

PJP = (1+ py) MC/P

18



where M C/P are real marginal costs, and

P/P=1

Thus (l-a)
a®(1— a)l_a 1

WIAP =\ = (/P

where W/AP are normalized real wages. From optimal factor combination, we

get
a W/AP

KJAN =13 RF/P

where K/AN is the normalized capital-to-labor ratio. From the production

Y (KN
AN AN

where Y/AN is the normalized output-to-labor ratio. From resource con-

function

straints, we have

I/AN = 6K /AN

where I /AN is the normalized investment-to-labor ratio. Since

K/AN = K /AN

then

C/A=Y/A—I/A-K/A

19



3.3 SOE-RBC Model: Optimality Conditions

FOCs are obtained with respect to Cy, Ny, I, K, By, Ay, ®;, respectively:

1
A= —
t C,
1
(1 — Ck)At = Ntl_HO?t

At_'_q)t:O

Kt m-{-l
®t |:]. +v <Kt_1 — ].):| +OZ6E [At+1 ( Kt ):| —/B]E

Qi = PE[A14]

Oy ((1 —6) -3 (1 - (K”l

Ky (AN ~C,— L, +QiBi— B;_1 =0

v K, \?
t —
K, —(1-0)K,_, — L+ ((KH) — 1) K, ;=0

3.4 SOE-RBC Model: Steady State Relations

As in the NK-BW model, we look for a steady state of stationary variables. We
denote steady state values by removing the time subindex.

From the intertemporal condition, obtain the condition

1
R=—
g
The steady state ratio of capital to output can be obtained from the FOCs with

respect to K; and I;:
K «
Y 15— (1-0)

20




From the capital accumulation equation we have

]_5K_ ad
Y Y 1/8-(1-90)

The budget constraint gives

Cc 1 B
l—=—-—==(010-5)=
The resource constraint gives
C n I n NX ]
Y Y Y

From these steady state relations one can conclude that the steady state level

of current account surplus is given by

Thus, in this model, the steady state level of normalized debt B/Y is determined
exogenously. For comparability of the model with the closed economy model

above, we assume B/Y = 0.
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4 Results

We focus mainly on the behavior of the real interest rate and consumption in
both the log-linearized NK-BW model and the log-linearized SOE-RBC model
(the log-linearizations are presented in the Appendix.) We consider two alter-
native parametrizations of both models. Parametrization I is one in which the
response of the real interest rate is exactly fixed and consumption is flat (limit
parametrization). Parametrization II is the typically used in the literature
(standard parametrization). We simulate the models using both parametriza-

tions.

4.1 Limit Parametrization (or Parametrization I)

Parametrization I is shown in Table 1. This parametrization defines a parameter
region, for both models, in which the response of the real rate is fixed and
the one of consumption is flat: it jumps to the long-run level of TFP after a
permanent shock, computed as the cumulated sum of the growth rates implied

by the shock, i.e.
oe

and does not move after a temporary shock (because the long-run level of TFP
does not change after a temporary shock.)

We discuss the parametrization of the NK-BW model first, and then we
discuss the parametrization of the SOE-RBC model. The logic follows two
existing theoretical results. Blanchard, L’Huillier, and Lorenzoni (2013) proved
(Online Appendix Section 6.4.2) that a baseline NK model (without capital and
no bells and whistles) converges to a simple permanent income model with a

fixed real interest rate, in which consumption is equal to expectations about the
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Table 1: Parametrization I (limit parametrization)

Parameter Value
Common to Both Models
h Consumption habit 0
« Capital share 0.17
%) Inv. Frisch elasticity 3.79
& Elasticity capital utilization cost 5.30
NK-BW Model
I} Discount rate 0.9987
0 Calvo prices ~
O Calvo wages 0.70
] Price markup 0.23
Lhp Wage markup 0.15
Yr Interest rate rule inflation 2.09
Yy Interest rate rule output 1x1077
Ddy Interest rate rule output growth 0
L Price indexation 0.24
b Wage indexation 0.11
X Investment adjustment costs 2.85

Policy
Pr Persistence nominal interest rate 0.82
SOE-RBC Model
15} Discount rate ~1
(0 Elasticity of the interest rate 1x10712
B/Y Steady state level of normalized debt 0
v Capital adjustment costs 2.85
Shock Processes

Technology
Px Persistence permanent shock 0.20
P2 Persistence temporary shock 0.20
Oy Standard dev. permanent shock 1.00
o, Standard dev. temporary shock 1.00

Notes: Under this parametrization both models deliver flat responses of consumption. 8 for SOE-RBC model is
set to 0.99999, and 6 to 0.99999999.
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long-run level of labor productivity. We do not attempt to prove an equivalent
theoretical result in the case of the NK-BW model but instead numerically
obtain that the result generalizes to this model as well. Following the conditions
of the theorem in Blanchard et al. (2013), we set in Parametrization I the Calvo
parameter very close to 1. We also set habit formation to 0 and we impose that
the interest rate rule does not react to output (both restrictions follow from the
baseline NK model).?

Regarding the SOE-RBC model, Cao and L’Huillier (2017) theoretically
obtained the same result in the case of a small open economy model without
capital and fixed labor supply. We do not attempt to prove an equivalent
proposition in the case of both elastic labor supply and capital, but focus instead
on numerical simulations. Following the conditions imposed in the statement
of Proposition 1 in Cao and L’Huillier (2012), we set the discount rate § close
to 1, the elasticity of the interest rate 1) close to 0, and the ratio 8/(1 —1) close
to 0. (Specifically, we set 8 = 0.99999 and 1) = 1 x 10712.)¢

The remaining structural parameters of the models are the estimates by
Justiniano et al. (2010). (They take a period to represent a quarter.) The
standard deviation of the shocks is normalized to 1, and their persistence is set
to 0.20.

Figure 1 shows the resulting behavior of TFP, the real interest rate, and con-
sumption in both models. We plot the IRFs of TFP and consumption following
a permanent and a temporary technology shock. In both cases, the real rate

does not move. The response of consumption is flat. The responses of the rate

When we set the reaction of the interest rate rule to inflation to 0 (instead of the Calvo parameter

close to 1) we obtain the same result.

6There are slight differences in the formulations of Proposition 1 between Cao and L’Huillier (2012)
and Cao and L’Huillier (2017), which depend just on the normalization of endogenous variables (in the
first version, C'/Y is exogenous; in the second version, b is exogenous). However, the logic and extent of

the proposition are essentially the same.
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and consumption are indistinguishable from each other, both models delivering
similar responses. In the case of a permanent shock, consumption jumps to the
long-run level of TFP. In the case of a temporary shock, consumption does not
move.

Figure 1: Main Impulse Responses, Parametrization I (Limit Parametrization)

Permanent Shock: Productivity Transitory Shock: Productivity
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Notes: This simulation is obtained with parametrization I or ‘limit parametrization’.

How both parametrizations achieve an (almost) constant real interest rate is
fairly straightforward to see (and was already spelled out in the introduction).
We make just a quick point about the role of separable preferences in delivering
the flat response of consumption. We need separable preferences in order for
the marginal utility for labor not to enter the consumption-Euler equation.
For non-separable preferences, changes in the marginal utility of labor would

break the random-walk property of consumption and would generate a non-flat
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response. This fact is also apparent after inspection of the proof in Cao and
L’Huillier (2017).

What is a bit more subtle for the working of the permanent income channel
is the role of the assumptions f — 1 and ¥/(1 — ) — 0 in the case of the
open economy model. Note that in the steady state the world interest rate
R*is 1/3. So, when § is close to 1, the world interest rate is close to 1. In
this case, temporary deviations of domestic demand from output lead to an
accumulation of assets (or of debt). For the sake of the argument, consider
a transition path in which the country has accumulated some debt. When
the interest rate is 1, the domestic economy can roll-over the debt at infinity,
and thus consumption can be freely set equal to the long-run level of output,
determined on the steady state by the long-run level of TFP. The intuition for
the requirement that /(1 — ) is close to 0 comes from the fact that, in steady
state, net exports finance steady state deviations of debt or assets away zero.
Steady state net exports tend to infinity (in absolute value) when g goes to 1.
In order to avoid the real rate from exploding when this happens, ¥ needs to
go to 0 even faster. This achieves the desired result. (See the proof in Cao and
L’Huillier 2012.)

Another way to look into our results is to consider the variance decomposi-
tion in order to gauge which, among the permanent and the temporary shocks,
accounts for a higher proportion of consumption volatility. Figure 2 shows the
variance decomposition of the two models at different horizons. In both models,

(almost) all consumption volatility is accounted by the permanent shock.
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Figure 2: Variance Decomposition, Parametrization I (Limit Parametrization)
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Variance Share (Permanent Shi

Notes: Percentage of forecast error explained by the permanent shock. Per-
centage of forecast error explained by temporary shock is just one minus
the variance share depicted here in the figure. The result is obtained with
parametrization I or ‘limit parametrization’.

4.2 Standard Parametrization (or Parametrization II)

Parametrization II is shown in Table 2. This parametrization closely follows
the literature. All structural parameters of the NK-BW model are from the
benchmark estimation in Justiniano et al. (2010). Parameters specific to the
SOE-RBC are set as follows. The coefficient on interest rate premium, 1, is set
to 0.0010, which is the number used in the literature (Schmitt-Grohe and Uribe
2003; Aguiar and Gopinath 2007). The steady-state level of debt-to-output
ratio B/Y is set to 0.1 following Aguiar and Gopinath (2007). The standard
deviation of the shocks is normalized to 1, and their persistence is set to 0.20.

Figure 3 presents the IRF's of productivity, the real interest rate, and con-
sumption (in both models) under parametrization II. The response of the real
rate is no longer nil as under parametrization I. However, the response on im-
pact is quite small and reverts to zero quickly. To get a sense of how small this
impact response is, we simulated a standard RBC model subject to the same
shocks. Figure 4 shows the responses of the real interest rate in this model, and
compares it to the responses of the NK-BW model (the responses in the SOE-

RBC model are even smaller.) This figure clearly illustrates the main point
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Table 2: Parametrization II (Standard Parametrization)

Parameter Value
Common to Both Models
6] Discount rate 0.9987
h Consumption habit 0
« Capital share 0.17
%) Inv. Frisch elasticity 3.79
19 Elasticity capital utilization cost 5.30
NK-BW Model
0 Calvo prices 0.84
O Calvo wages 0.70
W Price markup 0.23
p Wage markup 0.15
Vo Interest rate rule inflation 2.09
Yy Interest rate rule output 0.07
Gdy Interest rate rule output growth 0.24
L Price indexation 0.24
b Wage indexation 0.11
X Investment adjustment costs 2.85

Policy
Pr Persistence nominal interest rate 0.82
SOE-RBC Model
WY Elasticity of the interest rate 0.0010
B/Y Steady state level of normalized debt 0.1
v Capital adjustment costs 2.85
Shock Processes

Technology
Pz Persistence permanent shock 0.20
P2 Persistence temporary shock 0.20
Oy Standard dev. permanent shock 1.00
o, Standard dev. temporary shock 1.00

Notes: Parametrization based on Justiniano, Primiceri, and Tambalotti (2010), Schmitt-Grohe and Uribe (2003),
and Aguiar and Gopinath (2007).
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of the paper, which is that the NK-BW has achieved a very muted real rate

response by adding frictions to the RBC model. Indeed, most of the bells and

whistles are real rigidities that, coupled with some nominal rigidity, constitute

a powerful force that limit the general equilibrium propagation of technology

shocks into the real rate of interest. This way, the NK-BW model essentially

approaches a partial equilibrium model.

Figure 3: Main Impulse Responses, Parametrization I (Standard Parametrization)
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Notes: This simulation is obtained with parametrization II, based on Justiniano, Primiceri, and Tambalotti (2010), Schmitt-

Grohe and Uribe (2003), and Aguiar and Gopinath (2007).

Notice that also the SOE-RBC features very limited propagation to the



Figure 4: Comparison With Real Interest Rate in Standard, Closed Economy, RBC
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Notes: For the standard RBC model, we set 8 = 0.9987, ¢ = 3.79, and h =
0. Productivity persistence for both permanent and transitory components
(pe and p2) are set to 0.2. The simulation for the NK-BW model is obtained
with parametrization II.

real rate. We note, importantly, that this is not because this is a small open
economy model, but mainly because the value of ¢ used in the literature is so
small. One could set ¢ to a higher value and this would still be a small open
economy, because the world interest rate R* is exogenous.”

Going back to Figure 3, we observe that the responses of consumption in the
case of no-habit formation are close to flat in both models. In the case of the NK-
BW model, nominal and real rigidities allow consumption to be disconnected
from actual productivity by almost shutting down the general equilibrium effect
on the real interest rate. Thus, it is not crucial for our purposes that the Calvo
parameter 6 tends to one: So long as it is fairly high, real rigidities will help
get an important effect of permanent shocks on consumption. In the case of the
SOE-RBC model, ¢ > 0 achieves stationarity of the debt holdings as discussed
in the literature. However, our analysis shows that setting it to a small value
also disconnects consumption from the rest of the model, pretty much as in a

NK economy with sticky prices.®

"See Schmitt-Grohe and Uribe (2003), pp. 172-4, for a related discussion on how to complete financial
market for a small open economy.
8See Garcia-Cicco, Pancrazi, and Uribe (2010) for a related feature of the model with small v in terms
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Figure 5: Variance Decomposition
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Notes: Percentage of forecast error explained by permanent shock. Per-
centage of forecast error explained by temporary shock is just one minus
the variance share depicted here in the figure. The result is obtained with
parametrization II, based on Justiniano, Primiceri, and Tambalotti (2010),
Schmitt-Grohe and Uribe (2003), and Aguiar and Gopinath (2007).

In the presence of habits (last row of Figure 3), the response of consumption
to a permanent shock is gradual, but notice that both models deliver similar
responses. Even though in the presence of habit formation the responses of both
models are no longer flat under parametrization II, most of the action in the
reaction of consumption is still dominated by permanent shocks. Indeed, under
habit formation, the impact reaction of consumption after a temporary shock
is also muted. To see this, it is useful to focus on the variance decomposition of
consumption into both shocks, shown in Figure 5. The variance decomposition
shows that most of the impact effect on consumption is due to permanent shocks
(> 99.5%), and a fortiori this remains true at longer horizons (because the effect

of permanent shocks can only grow over time.)

4.3 Where is the GE?

The previous results clearly established non-existent or very limited general
equilibrium effects in the case of the real interest rate and consumption in the

both NK model with bells and whistles, and in the RBC open economy model.

of the autocorrelation function of net exports.
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Figure 6: Impulse Responses of other Variables: NK-BW Model, Parametrization II (Stan-
dard Parametrization)
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Notes: This simulation is obtained with parametrization II, based on Justiniano, Prim-
iceri, and Tambalotti (2010), Schmitt-Grohe and Uribe (2003), and Aguiar and Gopinath
(2007).

But then, which variables present general equilibrium effects? Here, we will
simulate other variables to explore this question.

Figure 6 plots the IRFs of the investment, output, the labor input, capital,
and inflation in the NK-BW model. Different from the response of consump-
tion, in the case of a permanent shock, the response of investment and output
is gradual. The simulation does not include habits, so what is happening is
generated by GE. Capital needs to rise, but this happens gradually. Thus, out-
put increases gradually. The response of labor is slightly hump shaped. The
responses comove. Inflation does not move much due to the high amount of
nominal and real rigidities. Notice also the limited reaction of all of these vari-
ables in the case of a temporary shock. This is a demand determined economy,
and since consumption does not move, all the rest moves little as well.

Figure 7 plots the IRFs of investment, output, the labor input, capital and

net exports in the SOE-RBC model. In the case of a permanent shock, invest-
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Figure 7: Impulse Responses of other Variables: SOE-RBC Model, Parametrization II
(Standard Parametrization)
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Notes: This simulation is obtained with parametrization II, based on Justiniano, Prim-

iceri, and Tambalotti (2010), Schmitt-Grohe and Uribe (2003), and Aguiar and Gopinath
(2007).

ment and output comove positively. Capital accumulates, to reach a new steady
state in the long run. Net exports fall slightly. The labor input falls as well,
due to the income effect. In this case, the economy can finance an investment
boom from abroad, so the fall in labor does not limit it. Notice also how, in the
case of a temporary shock, the benefits of the temporary productivity increases
are exported to the rest of the world.

The simple conclusion from these simulations is then that, all among in-

vestment, output, labor input, capital, inflation (NK-BW) and net exports
(SOE-RBC) feature rich GE effects.
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5 Final Remarks

We comment on the role played by the near partial equilibrium behavior of
consumption in each of these two literatures. Why is it that both feature
models with an almost fixed behavior of the real rate (conditional on technology
shocks)? As argued in the introduction, this feature is an enabler of aggregate
demand as an explanation of consumption fluctuations.

First, in the closed-economy literature built around the NK model with bells
and whistles introduced by Christiano et al. (2005), the almost fixed real rate is
perhaps an unintended consequence of building and calibrating a model in which
monetary policy shocks deliver large and persistent responses of the economy,
successfully fitting the standard definition of a business cycle in which several
variables comove. These ingredients and parametrization also help to obtain
suitable effects of demand shocks. Indeed, given a shock that rises consump-
tion away from steady state, a muted response of the real rate (either because
nominal and real rigidities imply a muted response of inflation, or because the
monetary authority is accommodative), allows for a strong deviation of con-
sumption. This is a point mentioned, for instance, by Blanchard et al. (2013),
pp. 3064-5, in the case of demand shifts modeled by noise shocks.’

Regarding the SOE-RBC model, a literature following the seminal work by
Aguiar and Gopinath (2007) has embarked in explaining the volatile current ac-
count behavior of emerging market. This has been achieved using trend shocks,
which by the permanent income assumption move consumption by the antic-
ipation of changes in future income. But because these shocks mostly change

future, and not contemporaneous TFP, one can correctly think about them as

9A related paper here is by Kocherlakota (2012), who studied the implications of a fixed real interest
rate for labor markets.
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contemporaneous demand shocks.'® But for this, it is indeed essential use a low
elasticity interest rate (low 1), as pointed out by Garcia-Cicco, Pancrazi, and
Uribe 2010, and other papers following. We hope our paper ultimately provides

a useful perspective on these channels based on a partial equilibrium reasoning.

0These shocks are in fact close cousins of the ones called news by Beaudry and Portier (2007), or noise
by Lorenzoni (2009).
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A Log-linear Approximations

A.1 NK-BW Model

First we define log-deviations for variables in the approximation. Here we also
normalize variables in the model to ensure their stationarity. Specifically, we
define

¢t = log(Ci/Ar) — log(C/A))

We define in a similar way v, ki, k;, and 4,. N, and U, are already stationary,

therefore we define

ny = log(N;) — log(NV)
u; = log(Uy) — log(U)

For nominal variables, we also need to consider non-stationarity in the price

level and therefore define
wy = log (Wi/ P;) [Ar) —log (W/P) JA)

rf = log(Rf/P,) —log (R"/P)
re = log(Ry)
m = log(P,/P—1) — 11

Finally, for Lagrange multipliers, we define
A = log(A;Ay) — log(AA)
¢ = log(P, A/ ) — log(®A/P)
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Households. The marginal utility of consumption is

1 1
N=——"———h——F—
TR e—TTe
multiplying both sides by A;
1 1
AtAt == - /Bh

Ci/Ar — h(Cio1 /A1) (Ar-1/t) (Crr1/As1) (Cea/Ar) — R (Ci/Ay)

which with log-linearization yields

N — hp IE B 1+ h%s N h N
S S N S B SR ) R R R N R
(4)
hp h
E;A — A
BT T R T T N
The Euler equation is
P,
A= R, [y
t+1
Multiplying both sides of this Euler equation by A; gives
A P
MNA; = BRIE; [ Ay 1 Avi1——
e = ORE { A Pt+11
and approximating yields
At =17+ Ei [Aey1 — Aaryr — T (5)

The optimality condition for capacity utilization is

RE/P, = Uf

37



In logs,

rt = Euy (6)

The provision of the capital services is
K, = Ut[_(tfl

dividing both sides by A,

K _ UK Ao
A AAL A

Approximating it leads to
k’t = U + l%t—l — ACLt (7)

The capital accumulation equation is

Kt:(1—5)Kt_1+[1—§(i—1)]1t

dividing both sides by A;

Kt Kt—l (At—l) { X ( I )} I
— =(1-94 +|11-=1-—-1 —
Ay ( ) A \ A 2 \ [ Ay

Approximating this leads to

| >
|

(T+k)=(1-06)— (1+ ki1 — Aay) +
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which summarizes to

ks
ks

(1—1—/;}):(1—(5) (1+];?t+1_Aat)+£(1+it>

Then, the log-linear approximation is
ke = (1= 0) (kw1 — Aay) + 6iy (8)
The optimality condition for capital is
By — BA1C(Unr) = B (1 = 6) @y K
which is log-linearly approximated to
¢ = (1= 0) BEq [prs1 — Aapsa] + [1 — (1= 0) 1By [A1 — Dagr +71] (9)
Similarly, for the optimality condition for investment
— A+, [x (% — 1)}%@%1 [1 - g (%1 _ 1)2 +§ (%)2 (ItT:l _ 1)] =0
The log-linear approximation obtained is
At = O — X (1 — ie—1 + Aay) + BxEy [ir41 — i + Aapy] (10)
From the Fisher equation, we also obtain

re = 1f — Eilmia] (11)
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Final good producers. Total output

Yo = K7 (AN

dividing both sides by A;

Y, K .
Zt 2t yl-a
A, A
Taking logs,
yp = aky + (1 — a)ny (12)

Intermediate goods producers. The optimal factor proportions between

capital and labor is

Kt « Wt

ﬁt—l—aR_f

rearranging and dividing both sides by A,

K W,
(1-— a)XzRf = aX:Nt
Log-linearizing it leads to
k't — Ny = Wy — Tf (13)
The marginal cost equation is
e (M)
el Ay

dividing both sides by P,

= (7) ()
I Oza(l—a)ka I P A
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Log-linearizing, it leads to
me; = arf 4+ (1 — a) wy (14)
Finally, from the optimality conditions for price setters, we have

L
11 Lﬁﬂ't_l + %Etﬂ’t.‘rl + Kmcy (15)

Ty =

where k = (1 —06) (1 —0) /0 (1 +15).

Labor market. Similar to the optimality conditions for price setters, aggre-

gating individual optimality conditions for the wage setter lead to

1 B Ly 1+ 1,3 B
= _ —FE — T — E 1
Wy 1+5wt1+1+5 twt+1+1+57t1 1+57Tt 1+ 3 i1 (16)
L 1+ tf B
- —FA —EA — w

+1+ﬁ Q-1 1+ 53 at+1+6tat+l Ky Cy

where
[0(1+8) (14 ¢ (14 1/w))]

and

mey = wp — pny + N (17)

Monetary policy. The interest rate rule is

- G 1) )] ()"

we obtain

T =prriq t+ (1 — pr) (Ve + ’Vyyt) + Qay (Y — Y1) (18)
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Market clearing Market clearing in goods market implies
C(1)=RF/P
and
Ci+ L +C(U) K1 =Y,
Dividing both sides by A; and approximating

c I  RK _Y
ACt A% PA Ut—Ayt

which leads to

—C +['—|—RkK (19)
Y = YCt YZt Py Ut

A.1.1 Summary

e There are 19 variables in the model. The endogenous variables are

<7, c k w
)\ta ¢ta Yty Ct, U, kta kt: g, Ug, Ttarta Tt , Wy, T, TC, mct

and the exogenous variables are

A, Ty 2t

e Equations (1)-(3) and (4)-(19) constitute the log-linearized model.

A.2 SOE-RBC Model

In order to log-linearize the model, we define the following log-deviations:
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¢ = log(Cy/Ar) — log(C/A))
y = log(Yi/Ar) —log(Y/A))
ki = log(K./A;) — log(K/A))
ir = log(1:/Ar) —log(1/A))
n, = log(IV,) — log(N)
A = log(AyA;) — log(AA)
¢ = log(®,A;) — log(®A)

the log of the interest rate

ri = log(Ry)

and the following absolute deviations:

B, B
W=y Ty
t

NX, NX
nry = Y —7
t

In addition to the ten endogenous variables defined above, we also have addi-
tional exogenous variables z;, z;, a; summarizing the productivity process. Log-

linearization of the equilibrium conditions proceeds as follows. The marginal

utility of consumption is

1
A =—
)
multiplying both sides by A;
Ay
A\, = =t
t= G



where \; = A;A;. In logs the condition is

)\t = —C

The production function is

Y= K (AN,) 0

dividing both sides A,

5 (i) () e
Ay Ay Ay !
The log-linearized production function is
Yy = ak + (1 — a)ny — aAa
The resource constraint is
Ci+ L+ NX, =Y,

multiplying both sides by Y;

Ct At It At NXt

v - =1
Ay, Tay, v

Since in steady state
CA ITA NX

-+ —— 4+ — =1

Ay TAy Ty
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approximating,

CA I A NX
——(1—|—Ct—yt)—|———(1—|—Zt—yt)+nxt—|——:1

AY AY

which yields

C I .
?(Ct —y) + ?(Zt — ) +nw, =0

The price of debt equation is
* Dty
R =R —i—zb(eyt —1)

We have steady state relation

R=R"

so approximating the equation yields
re = by

The optimality condition for labor is

1
(- )by = Ny

multiplying both sides by A;

In logs
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(22)
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The budget constraint
Ci+ 1+ By =Y+ QiBy

dividing both sides by Y;,

gé—i—ié Bt—1éYt—1 Ay _ B,
AY, AY, Y Y A A Y:

which leads in steady state

=<
+
R llvy
I

+

T

| Q
=
+
|~

Approximating

CA IA ) 1
Z?(1+Ct_yt)+z?(1+Zt_yt)+(bt—l +0) (1 = Ay — Aay) = H’ﬁ (1 —7¢) (b +0)

Since 1/R = 3, we have that
C I,
?(Ct —Y) + ?(Zt — ) = Bby — b1 + b(Aay + yr — y4—1 — Bry) (25)

The optimality condition for debt is

QiA¢ = BE; [Agi1]

multiplying both sides by A,

Ay
Qt>\t = B]Et |:)\t+1 (At+1):|
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which in steady state

1=8R

Then, approximating

At = By [Niy1 — Aaga] + 1y (26)

The optimality condition for investment is
At - _®t

multiplying both sides by A;
)\t - _¢t (27)

The capital accumulation equation is

v K, \?
t —
lﬁ—ﬂ—®&1—h+§<(ml)—4>&l—0

multiplying both sides by A,

&—(1—5)Kt_1At_1 _£_|_g ((Kt A1 Ay )2_1> K 1A —0

A, A A A A K1 Ay Ay A

which in steady state

Then, approximating
1
ﬂ+h%{kﬁﬂ1+kpy—A%%7?ﬂ+¢g+gO+%¢¢—A%)«L+h—kpy+A%f_1):O

which yields
kt = (1 — 5) [kt—l — Aat] + 5Zt (28)
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Finally, the optimality condition for capital is

Kt }/t—‘rl
P, |1 —1 E, |A — | |—-BE
t|: +V<Kt_1 )}—i_aﬁt[tﬂ(l{t)} BE;
multiplying both sides by A;
Kt At }/t-‘rl
1 —1 E; | Aoy ——— —
(bt{ +V(Kt—1 >]+045 t|:t+1At+1(Kt

_AE, ¢t+1Aili1 ((1—5)—%(1— (Kft;)z))] =0

which in steady state is

Dy ((1-5)-%(1—(

6+ afE, {A% — BB, [6(1— )] =0

Approximating, we end up with

d(1+d)[1+v(1+k) (1 —Fke_1)(1+ Aay) —v]+
+alBA(1+ Np1) (1= Aaprr) (T4 ya1) (1 — k) (1 + Aagyq) %+

B¢ (1 + dr41) (1 — Aagsr) [= (1 = 0)) — v (ke — ke + Aagya)] =0
which yields after collecting terms

Y
—(1 4+ ¢y + vk — vhyiy + vAay) + 045%(1 — by + By [y + M)+ (29)

+B(1 = 6)(1 + E; [pr41 — Aagy]) — B(vke — By [Vhir + vAag]) =0
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A.2.1 Summary

e There are 13 variables in the model. The endogenous variables are

Aty Pty Yty Coy Ugy Ky Mg, T, by, 1y

and the exogenous variables are

A, Ty 2t

e Equations (1)-(3) and (20)-(29) constitute the log-linearized model.
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