QUALITATIVE SURVEYS AND MARGINS OF ADJUSTMENT IN
HETEROGENEOUS AGENT ECONOMIES

ANDREAS TRYPHONIDES
HUMBOLDT UNIVERSITY OF BERLIN

ABSTRACT. Frictions at the microeconomic level generate distortions to macroeconomic aggregates
along the extensive and the intensive margin. How can we measure these margins and identify
their interaction with aggregate fluctuations? This paper advocates the use of qualitative survey
data. Credible measurement of distortions necessitates the use of restrictions that are consistent
with a variety of mechanisms and naturally leads to loss of point identification. Survey data can
be used to tighten the identified set and separately identify the two margins. The paper provides
a formal treatment both at the partial and general equilibrium level. Using the Business and
Consumer Survey collected by the European Commission, I identify distortions due to consumer
and firm financial frictions in the Spanish economy and provide decompositions of the margins of
adjustment. Preliminary results suggest that most of the adjustment during the financial crisis
happened through the intensive margin while aggregate consumption and investment distortions

operated through production e.g. through endogenous total factor productivity losses.
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1. INTRODUCTION

During the last three decades, the literature on heterogeneous agent models has explored various
types of frictions and heterogeneity which can successfully explain several stylized facts obtained
from firm and household level data. While very recent advances have made it possible to evaluate
the business cycle implications of agent heterogeneity (i.e. Ahn, Kaplan, Moll, Winberry, and
Wolf (2017); Challe, Matheron, Ragot, and Rubio-Ramirez (2017)), the mapping from primitives

to outcomes is arguably complex and model dependent.

Conclusions based on models akin to the Aiyagari-Huggett-imrohoroglu (incomplete markets) type
depend on assumptions such as the type and degree of heterogeneity present in the economy or the

nature of idiosyncratic risk (Buera and Moll, 2015).

A closely related question is what kind of data or moments are informative both for estimating and
evaluating heterogeneous agent models. The predominant approach is to match some features of the
agents’ invariant distribution to its empirical counterparts e.g. features of the wealth or earnings
distribution at a particular point in time. A recent strand of the literature ' has advocated a
sufficient statistic approach to compute the impact effect of a policy shock in economies that only
feature idiosyncratic risk by plugging-in microeconomic estimates of the marginal propensities to
consume. The environment becomes slightly more complex once we admit that aggregate shocks

can also alter the way idiosyncratic risk matters.

This paper strives for a better understanding of the empirical implications of the interactions
between heterogeneity and frictions. Although similar in spirit to the literature on incorporating
microeconomic information in macroeconomic models, it asks a different question: what kind of ag-
gregated microeconomic information could be informative about the effects of frictions on aggregate

fluctuations and vice versa?

This paper advocates the use of qualitative survey data and in particular surveys that ask firms and
consumers directly about their current and expected future financial constraints on consumption
investment and production. Using a semi-structural approach, I show that qualitative survey data
provide critical information that would otherwise require a well specified heterogeneous agent model
1See Farhi and Werning (2016); Auclert, Rognlie, and Straub (2018); Auclert (2017) for a partial and a general

equilibrium setting and Chetty (2009) for a review of the sufficient statistics approach to program evaluation.
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to uncover’. I analyze both the limited information case of distortions to optimality conditions and

the "full information" case of distortions in the aggregate law of motion.

Frictions such as market incompleteness generate distortions to macroeconomic aggregates along
two dimensions: the extensive and the intensive margin®. I argue that aggregated qualitative
surveys provide a direct measure of the extensive margin, which allows us to identify the intensive
margin as well. Moreover, since we do not use the full model to uniquely pin down the mechanism,
we are only able to set identify the parameters of the benchmark representative agent model and
the resulting wedges. Qualitative survey data contribute to estimating these wedges more precisely

by shrinking the identified set.

Moving from wedges in optimality conditions to distortions in the aggregate law of motion requires
slightly stronger assumptions. While this paper is not about constructing precise mappings from
particular heterogeneous agent economies to wedges in the equilibrium prices and quantities, it
illustrates that under the assumption that aggregate wedges will only depend -to a first order
approximation - on the aggregate state variables, there is a precise mapping between wedges in the

optimality conditions and wedges in the equilibrium law of motion *.

This existence result allows me to semi-parametrically identify the margins of adjustment in macroe-
conomic variables due to frictions and their interaction with aggregate shocks. The identified
margins provide semi-structural evidence on the relative importance of different channels through
which (financial) frictions at the microeconomic level can affect macroeconomic outcomes. More
importantly, qualitative surveys are able to capture idiosyncratic effects of frictions at the extensive
margin in a disciplined but not model driven way. The identified effects can then be potentially
used to judge the performance of fully fledged heterogeneous agent models as they are less model

dependent.

The paper contributes to different strands of the literature. The first strand is related to the
intricacies of parameter calibration/identification in representative agents models when the data

2The underlying assumption is that aggregated surveys are not systematically biased. This is likely to be true for
two reasons. First, due to their qualitative nature, survey data that ask subjects about their status rather than
their precise income are much more robust to measurement error. Second, since this data is aggregated, the effect of
individual misreporting becomes much less important.

3For example, the distribution of the marginal propensities to consume is affected by both margins.

4Chari, Kehoe, and McGrattan (2007), CKM hereafter, compute wedges in the optimality conditions of a frictionless
model for a given set of calibrated parameters that produce the same equilibrium allocations in economies with
specific parametric choices for the frictions. I also take the frictionless representative agent model as a benchmark
but contrary to CKM I map the wedge in the optimality conditions to wedges in the decision rules.
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is in fact generated by heterogeneous agent economies. Browning, Hansen, and Heckman (1999)
argue that the mapping from parameterizations in aggregate macroeconomic models to parameters
identified using microeconomic data is complicated by aggregation and sample selection issues’,
casting doubt on the whole endeavor of calibrating parameters using microeconomic studies. In
similar vein, Guvenen (2006) finds that estimates of the elasticity of intertemporal substitution
(EIS) using aggregate consumption data reflects the behaviour of poorer agents who have a high
EIS while Constantinides and Duffie (1996) find that in a no trade equilibrium, estimates of risk
aversion are biased due to cross sectional heterogeneity. Chang, Kim, and Schorfheide (2013)
find that preference and technology parameters are not invariant to policy when heterogeneity is

ignored.

The empirical strategy of this paper controls for heterogeneity and delivers the set of macroeco-
nomic estimates that are consistent with it, and accounts for the the lack of policy invariance.
Moreover, qualitative survey data control for the extensive margin of adjustment whose variation
would otherwise by absorbed by the structural parameters, bridging the gap between micro and

macro elasticities.

In the representative agent macro-econometric literature, survey data are typically linked to model
based random variables using additional observation equations with additive measurement error
(see e.g. Del Negro and Schorfheide (2013)). In this paper, I link qualitative survey data to the

objective beliefs of agents in the model.

This paper also belongs to the strand of the macroeconometric literature that deals with set identi-
fication in structural macroeconomic models (e.g. Lubik and Schorfheide (2004); Coroneo, Corradi,
and Santos Monteiro (2011)) and the literature on applications of moment inequality models, see
Pakes, Porter, Ho, and Ishii (2015); Ho and Rosen (2017) and references therein. Moment inequal-
ity restrictions have been used to characterize frictions in specific markets, see for example Luttmer
(1996) and Chetty (2012). The approximation to the HA model can also generate moment inequal-
ity restrictions for aggregate variables that nest both the representative agent case and deviations
from it. To my knowledge, this is the first paper that characterizes the relationship between wedges

in dynamic equilibrium models and these moment inequality restrictions.

SPopular examples include labour supply where most of the variation is on the extensive margin, pooling agents of
different risk classes and demographic groups etcetera.
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Using the Business and Consumer Survey collected by the European Commission, I identify distor-
tions due to consumer and firm financial frictions in the Spanish economy and provide decomposi-
tions of the margins of adjustment. Preliminary results suggest that most of the adjustment during
the financial crisis happened through the intensive margin while aggregate consumption and invest-
ment distortions operated through production e.g. through endogenous total factor productivity

losses.

The rest paper is organized as follows. In Section 2 provides an extended analysis of the methodol-
ogy in a partial equilibrium context. In Section 3 introduces the benchmark two asset heterogeneous
agent model, the first order approximation and the corresponding empirical implications of financial
frictions in the form of restrictions on collateralized borrowing. Section 4 analyzes the use of ag-
gregated qualitative surveys and the corresponding empirical restrictions, while Section 5 provides
the corresponding identification analysis based on the Generalized Method of Moments (GMM)
framework. Section 6 deals with the full information case and provide the result on the relation
between wedges in the optimality conditions and the decision rules. Section 7 presents the empirical
application and Section 8 concludes. Appendix A contains the proofs and more information on the

treatment of balance statistics for aggregated surveys.

Finally, a word on notation. Tsignifies the length of both the aggregate and average survey data,
and L the number of agents. 6 € © signifies the parameters of interest with S the corresponding
1—alevel confidence set, and by ¢;(; #) a measurable function. Bold capital letters e.g. Y7 denote a
matrix containing observations of vector Y; up to time 7, {Y;};j<,. N(p,02) is the Normal distribu-
tion, with probability density and cumulative density functions ¢, 52)(.) and @, ,2)(.) respectively;
[|.|| is the Euclidean norm unless otherwise stated; | signifies the orthogonal complement and ¢

the empty set.

2. PARTIAL EQUILIBRIUM DISTORTIONS AND SURVEYS

I first motivate this paper’s approach by illustrating what can be learned from observing the be-
havior of a single household maximizing time separable lifetime utility. Assuming an instantaneous
utility function U(c¢;+; w), where w signifies preference related parameters, the household receives a
random exogenous endowment y; ; and makes consumption-savings decisions (c; 4, s;¢) taking prices

as given. As in Zeldes (1989), wealth w;; earns a riskless return R = 1+ and there is a borrowing
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limit at zero. The household solves the following problem:

{Ci,t,wi,t+1}§i0

0
max Eo Z BU (45 w)
t=0
s.t. Yit = Sit + Cit
aigr1 = (L+r)ag + siy

Cit,aip =0,V

Denoting the marginal utility of consumption by U’(c¢;+;w), the consumption Euler equation is
distorted by the non-negative Lagrange multiplier on the occasionally binding liquidity constraint,

denoted by A;;, which is positive when the borrowing constraint is binding :

(1) Ulciyw) = B+ r)EU (ciag1;w) + Nig

Given this setup, what is unknown and could be potentially learned from cross sectional data is the
preference parameters (3, w) and the multiplier \; ¢, which is an endogenous variable. There are of
course alternative ways of achieving this. For example, one can split the sample into unconstrained
and hand to mouth households using some criterion as in the seminal work of Zeldes (1989) °.
Different choices can lead to different sample selection and thus different conclusions on whether
liquidity constraints are present. The alternative way is a structural treatment which amounts to
writing down an estimated income process and derive optimal consumption. One would therefore
need to place much more belief on the technology of the borrowing constraint which in this case is

a hard constraint at zero, and the nature of idiosyncratic income risk.

An arguably more credible way to identify (f,w) is to use a more general implication of borrowing
constraints, which would be true across models with different types of heterogeneity, insurance
mechanisms and borrowing limit technologies, and would give rise to different specifications for \; ;.

This general implication is that liquidity constraints generate a positive discrepancy between todays

6Zeldes (1989) uses a cut-off rule for end of period financial wealth at zero and discusses different rules that could
have been used, as well as liquidity constraints arising from credit market imperfections and illiquid assets as e.g. in
Pissarides (1978). The importance of illiquid assets has been recently revived by the heterogeneous agent literature,
see for example Kaplan, Violante, and Weidner (2014) and references therein, where they also identify groups of
liquid and illiquid hand to mouth consumers using different rules.
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and tomorrows marginal utility of consumption, as the household cannot smooth consumption as

much as it desires’.

Whether \;; is positive or not depends on the household’s expectations about the future. Conse-
quently, condition (1) is a conditional moment inequality. Using y;; as an instrument, the following

unconditional moment inequality holds:

(2) E[(U'(cipsw) = BA+ 1)U (Cigs1;w))yie] = 0

Given the inequality, there is no unique vector of preference parameters (w, 5) that satisfies it, and
we therefore no longer have point identification. The latter is of course the price one has to pay

for not exploiting the information given by a full model. In order to derive explicit identification

l—w
regions, I adopt the approximation of Hall (1978) using U(c;w) = Ci’f_w , which implies the
following law of motion for consumption:
(3) Cit+1 = PuCit T €41 + S\i,t
where ;\i,t = —(U"(cit;w)) T Ais, U"(cit;w) is the second derivative of the utility function and €; 411

is the rational forecast error such that Ese; 11 = 0.

Since p,, may exceed one if 3(1 4+ r) > 1 and vice versa 8 1 re-express 3 in terms of consumption
growth,

Aci 41 = PuCip + €141+ Ait

where p,, := p, — 1. Using income y;; as an instrument, the identified set for p,, is :

<O, 14 Cov(yi tAcit+1) ]
Cov(yi+cit)

(4) Pu,ID,1

As we can readily see from (4), the inherent unobservability of /N\i,t is the root of the loss of point
identification of p,. Avoiding to take a stance on the exact nature of A; , which can involve a vast
amount of unobserved information results in set identification. Nevertheless, we are still able to
infer certain facts about the household’s preferences and economic behavior and conclusions are

valid across alternative environments.

"Similar restrictions arise in the context of limited commitment and endogenous solvency constraints as in Alvarez
and Jermann (2015).

U'(e4,45)

8In fact, p, is equal to (B(1+ 7)) V" Cie) > 0, and is constant under CRRA utility.
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Informative Bounds on Risk Aversion and ex-ante Measures of Consumption Loss.
Given p, rp we can recover the implied identified set for the risk aversion parameter, wrp. As is
typical in the empirical macro literature, (r, 3) are not identified from the dynamic properties of
the model but rather from other information, i.e steady states. In the case when (1 + r) = 1, risk
aversion is unidentified (w;p = R™), as consumption follows a random walk. If (1 + r) # 1, then
risk aversion is set identified and has a very intuitive interpretation, as it reflects restrictions on
preferences implied by the presence of non-diversifiable income risk. Using (4) and S(1+r) < 1, the
household is impatient and does not accumulate wealth indefinitely. Since income and consumption
growth are negatively correlated, which is usually the case when liquidity constraints are present
(Deaton, 1991), risk aversion is bounded by above and the set of values consistent with the data is

as follows:

w[D,lz{weR+:w<

|log(B(1 +7))| }
log Cov(yi tcit) — log (Cov(yireit) — |Cov(yitAci1)])

The stronger the negative correlation, the lower the upper bound on risk aversion, indicating that
the less risk averse household is not accumulating enough wealth to fully insure against income
risk. On the contrary, weak negative correlation permits higher estimates of risk aversion. Sim-
ilar to Arellano, Hansen, and Sentana (2012), the degree of under-identification depends on this

correlation, which is itself a function of (w, 5,7).

In terms of examining the implications of incomplete markets, one can use p,;p1 to identify
the range of consumption losses due to incomplete markets. Studying directly the implications
for consumption is consistent with our agnostic view on the mechanisms generating the liquidity
constraints, and is further motivated by the fact that there is a multiplicity of mechanisms that can
at least provide partial insurance and no structural model can do a fair job in accurately describing
the totality of these complex interactions’. Towards this end, bounds (QM D Pu,ID), can be used to
construct (interval) estimates of distortions in consumption growth implied by liquidity constraints
by plugging-in the identified set and averaging over the observations. In population, this produces

an identified set for distortions:

(5) EXi: € [E(Ci,tJrl — PuIDCit), B(Cipq1 — BMJDCi,t)]

9This observation dates back to Deaton (1997) and has motivated structural and semi-structural studies on quantifying
the degree of risk sharing, see for example Blundell, Pistaferri, and Preston (2008) and Heathcote, Storesletten, and
Violante (2014).
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An interesting question, which is also the main point of this paper in an aggregate context, is
whether qualitative data can be informative about risk aversion and consumption behaviour in

general. The answer is affirmative.

The role of Qualitative Data. Suppose now that we observe the dichotomous response of the
household over time to a survey question that asks whether the household is (or expects to be)

financially constrained. An honest household will answer positively whenever \;; > 0.

Had we known the mechanism that generates this distortion to consumption we could easily control
for the occasionally binding constraint by including the interaction term x;.g(z;:) where g(z;;)
is the parametrized distortion which is a function of cash on hand z;; := y;+ + (1 4+ r)a;¢. This
would restore point identification of p,, w and E\;;. I instead examine what can be learned from
these observations without explicit knowledge of g(z;). The time series of responses {X;}i<n for
Xit = 1("Ait > 0') can be used to estimate P(\;; > 0) by using e.g. a probit model'’. Therefore,

the conditional probability distribution of Ac; 141, Pi(Aci41 < v) for v € R is equal to:
(6) Pi(€ir1 < v — pucit)Pe(Nig = 0) + Pe(€i441 < v — puciz — Nig)Pe(Xiy > 0)
For ¢;41 ~ N(0,02), (6) simplifies further to,

(7) Pop2(v = pucit)Pr(Ait = 0) + Py o2 (v — Pucit — Nig)Pe(Xir > 0)

A key observation is that the distortion A;; is positive only when the state variables (a;, y;¢) lie
in a particular area of their domain A which is determined by an unknown threshold (w},y),
eg. A= {(ai,t,yi’t) eR?:a; S wf Ay < y;“} A complete model would pin down, analyti-
cally or numerically this domain. Observing X; dispenses us with the need to characterize A (or

equivalently the corresponding part of the domain ;).

In order to analyze the implications of observing X;:, I next characterize the form of \;; had
it been generated by the model with the hard constraint at zero. For analytical tractability, 1

approximate consumption in incomplete markets by a piecewise function. When the household is

constrained, ¢;}"“" = x;; while when income is not autocorrelated, unconstrained consumption
b

ONote that contrary to g(zi), which can involve kinks and other nonlinearities, P;(A;; > 0) is much simpler
to characterize as the budget constraint is by construction linear in z;:, and the distribution of any unobserved
components of x;; can be modeled using i.e. a mixture of distributions: P;(A;s > 0) = Py(zi¢ < z*) where z* is
constant by construction.
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is equal to cﬁc’“m = wm,t. The latter is parallel to the perfect foresight solution, cf{ =
(1+7—puais + lJrl:"p” (yiy + 2) = %(wi,t + ¥) where (Hl%r’”‘)% can be interpreted as the

share of permanent income (y = Ey; +) that is precautionary savings''.

In the appendix, I show that consumption growth under incomplete markets can be written as

follows:

Acﬁﬁil = puCit +er1 +1(Nig > 0) <—Puci,t +y (1 - 1?7“(1 - Fy(x*»))
= pucit + €1+ (A > 0) (A1cit + Ao)

Therefore, substituting A; ¢ in (7), yields the following restriction'*:

Pi(Aciti1 <v) = Pgo2(v—pucit)Pr(Nir = 0) + P o2 (v — (P + A1)cit — Ao)Pe(Ai > 0)

(8) < Poo2(v = pucit)Pe(Aig = 0) + Po 52 (v — pp,o1sCit)Pr(Ni > 0)

where p, o5 is the least squares estimate when regressing consumption growth on past consumption,

that is:

Puols = Pp + ( ’ cht

< )

Bias from Incomplete Markets

I now ask: How does this additional restriction refine the identified set in (4)7. Denote by p,. rp.2
the set of p, consistent with the unconditional moment inequality constructed using y;; and (8).
The simplest way to show the refinement of (4) is to show that there exists a p,, € p, rp,1 that does
not belong to p, rp2. In the appendix, I show that using p, o5 as the test point, (8) is not satisfied

when

9) Pi(Aiy > 0) € (g¢,1)

q’(”‘ﬁuci,t)—‘I’(U—ﬁu,olsci,t)
v—ppcit)—P(—Ao—(Pp+Ai)cie)”

where g; := )

To gain intuition, consider the extreme cases where Py(\;; > 0) is zero or one. Condition (9)
becomes invalid as (0,1) and (1,1) do not contain P;(A\;; > 0). This was nevertheless expected,

as in either case, additional survey information is redundant. In the intermediate case in which

Uplease see Figure 8.
12The inequality in (8) uses that p € (0,1) and Ao > 0, the latter being true when the agent is impatient S(1+7) < 1,
and this is the case in which liquidity constraints matter.
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liquidity constraints are occasionally binding, survey information matters as long as (9) is a proper
interval. As we show in the Appendix, this will be the case as long as v < p, o15¢i,t, Which implies
that g is concave in P(\;; > 0). We plot below an example of such a case. What is evident is
that for higher values of A1, i.e. 2A;, concavity increases, and the admissible range (grey shade)
becomes larger. The more severe the distortions, the more likely is (in an unconditional sense)
that additional information matters. Conversely, in the frictionless limit, g¢; )\1—_10 Pi(Niy > 0),
contradicting (9). As evident, quality survey data can provide additional information that can help

narrow down the set of plausible values for the reduced form parameter p,, and therefore w.

Probability Range for different levels of A,

- _-/\'
—2)

| __ _|Range for \,

I | I . I 1 I I
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
Probability of Liquidity Constraint

FIGURE 1. Range for v = 0,¢;; = 1,7 = 0.05,0, = 0.1

Sharper estimates of w imply sharper estimates of the consumption loss (5) as well. While this is

an important result in itself, qualitative data on constraints are actually even more informative.
When x;+ varies over time, E(cs¢41 — p#c@t) underestimates the level of distortions, as it identifies
the total effect P(\;; > 0)E(Xij¢|Aix > 0) rather than the adjustment on the intensive margin,
E(Xi¢|Xir > 0). Since survey data can be used to estimate P()\;; # 0), the intensive margin can be
separately identified. This is important as a policy maker may not weigh equally a low probability-
high consumption loss and a high probability-small consumption loss. This will be even more
important when we consider aggregate fluctuations in the next section, as under ergodicity this

probability will describe the mass of agents that are affected by financial frictions over time.
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The rest of the paper characterizes the case for general equilibrium models and what information
aggregated qualitative surveys can provide, based on similar assumptions to those made in the

simple example. To do so, I provide below the benchmark general equilibrium model.

3. AN APPROXIMATE HETEROGENEOUS AGENT MODEL

To illustrate the restrictions implied from market incompleteness in general equilibrium I consider
a two asset economy where households can save in capital as well as in bonds. Positive capital
holdings makes households effective entrepreneurs, who are akin to intermediate producers facing a
downward sloping demand curve. Moreover, aggregate output is a CES aggregate of intermediate
goods. I first present the frictionless model where I will demonstrate that heterogeneity is not of
first order importance. However, this will not be true in an economy with frictions. In the rest of
the paper I denote by A(i) the cross sectional distribution of agents across state variables at time
t'3, and the corresponding aggregate variables by capital letters i.e. X; = [ ;i 1dA¢(3). Similarly, I

define by Ay ¢41(7) to be the joint distribution of individual states at time ¢ and ¢ + 1.
3.1. The Frictionless Model.

3.1.1. Household-Entrepreneurs and Aggregate Output. Under monopolistic competition in the in-
termediate goods sector, the supply side has a standard formulation. The final good firm chooses
aggregate and firm specific output (Y;y;¢) to maximize profits P.Y; — [ piryitdA:(7) subject to a
CES aggregate constraint, Yt% = [ y;t%l dA(i), leading to a downward sloping demand curve for

o\ —€
each firm ¢, y;; = (p”) Y;.

Py

The problem solved by the effective entrepreneur (k;+ > 0), is to hire labour (lgt) to minimize the
cost of production thzt subject to producing a certain level of output (zi7tki7t)°‘(ll‘-ft)1_a > v+ This
yields nominal labour costs equal to thgt = (1 — o)by;+ where (1 — )f; has the interpretation of
marginal cost'*. Correspondingly, output at the optimal choice of labour is equal to Yit = zzkﬁ;t%a G
where (; = (1‘;,—;") E and the indirect profit function is pri; = vi+(pit — (1 — @)b;). Moreover,

it can be shown that p;; = —=50;+, that is, the entrepreneur prices y;+ at a constant mark-up over

marginal cost. Thus, aggregate labour costs can be rewritten as W;L; = (1 — a)%Pth.

Bror example, in Section 2 the relevant state variables are y;+ and a;+, and thus A¢(¢) denotes the joint distribution
function at time ¢, P¢(ys,t < y,air < a). In this section, the joint distribution is Py (2, < y, kir < k).
14pg usual, ; is the multiplier on the output constraint.
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3.1.2. Households. Dynastic households decide over consumption, working hours and total net
worth to be carried over to the next period, (c¢;, [ 1y ait+1). In turn, a;; is split between bonds
bi+ earning a gross interest rate R; and capital k;;, earning a gross return Rﬁt 4+1- Individual
investment decisions (1;¢) increase the availability of capital for next period, up to a certain level
of depreciation. Gross individual income is therefore equal to y;; = Wilis + (1 — 6)kiy + priy. If
kit = 0, the household-worker receives only labour income. The household’s decision problem is

therefore as follows:

& clow 1 gt
max OOE()Eﬁt<Zf_w _1Zin>

(s, e,k t 41w 641 ,L6,6 1 =1
st a1 = Rywig + Y — Preiyg
ait41 = Prkigp1 + wip1

Uit = Wiliz + (1 —0)Pikis + priy
Kigr1 = (1= 0)kis + tig

Eigg1 =0

The corresponding first order conditions are as follows :

—w —w k
Gy = BEtCi,tHRi,tH — Vit
—w —w -1
Gt = BB T R
I = %0_“
t = i\t
2, Pt 1
Uz‘,tki,t+1 = 0
which implies that:
—w k —1
Vit = rBEtCz‘,tH (Rz‘,t+1 - 7Tt+1Rt+1>
where v;; is the multiplier on the non-negativity constraint on k; g, Rfit a=00-0)+ a;,fi’::ﬁ
and 7y = Pgl. If z;; is highly autocorrelated, then bad productivity realizations can induce the

household to hit the non-negativity constraint (v;; > 0). For example, under perfect competition
marginal profit is increasing in z;; and thus there exists a threshold z* below which it is optimal

for the household to not hold any capital stock and only receive a working wage and save in bonds.
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Note also that we have not assumed any borrowing limits and thus workers can effectively save to

self insure against idiosyncratic risk.

3.2. Approximation, Aggregation and Equilibrium. To facilitate the analysis, I proceed
by approximating individual marginal utility around the marginal utility of the representative

agent:
w(w+1)

e ™ O —wC e = C1) + =

C{wiQ(Ciyt — Ct)z

) —w
If markets are complete, then expected marginal utility growth is equalized across agents, E; <C”—+1> =

Ci,t

) —w
E,; (%) . This implies that individual consumption is proportional to aggregate consumption,
s

cit = ¢;Cy and cross sectional variation becomes time invariant as

/chAt(i) — v (1 + “’(“2“) /(ci —1)2dA,(3) + 0(1)>

and the representative agent approximation becomes exact:
Cre = PECHTRin

With regard to the first order condition for capital, multiplying by k;:+1, applying the same ap-

proximation to marginal utility and aggregating using As,1(7) yields that'®:
Cy“Kipr = BECH /Rf,tﬂk‘i,tﬂd/\tﬂ(i)

WherefRﬁt+1ki7t+1dAt+17t(Z.) = (1—5)Kt+1+f (‘i}pT?:fki,tdAt—&-l(i)%ﬂ = (1—5)Kt+1+a(1+1;7€a)Yt+1.

Since K;.1 is determined at time ¢,

CrY = PEC <(1—5)+a<1+1_0‘) Yt“)

e K

When € — o0, this condition is isomorphic to the condition obtained in a representative agent

model where aggregate production is Cobb- Douglas and ;?:1 is the marginal product of capital

(and profits disappear).

15The same result goes through if we keep the second order approximation for marginal utility, integrate using the
joint distribution P¢(z;,+ < 2, k;,+ < k) and then set higher order moments to zero.
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Regarding aggregate output, integrating over pr;; and solving for Y3, Y; = %Lt%(l — ). More-

over, integrating the firm revenue function and solving for Y; yields

1 o
bit \« . —a
Y: = (/ Zikil' (P:) ClAt(l)> L%

Using that up to first order, Y; ~ ( i zikidAt(i))a Ltl_a and that (z;, ki) are conditionally inde-

pendent, the aggregate production function is also of Cobb-Douglas form.

Finally, using the first order condition for hours worked under the same approximation for the
1 _w
marginal utility of consumption, aggregate labour supply is equal to L; = (%) " C, ". Imposing

e L _ 1+4 =%
equilibrium in the labour market implies that <1(1 — a)Y; = (%) nCy 7.

Denoting by X the percentage deviations of any aggregate variable X; from aggregate steady

state x5, the system of aggregate linearized equilibrium and market clearing conditions are stan-

dard:

—wC; — (1 —B(1 = 8))ERF  + wE Gy = 0
YssYy — cssC —issly = 0
Kign—(1-8K,—6, = 0
Yt—aZt—af(t—(l—a)f,t = 0

éf—a2t+(1—a)Kt—(1—a)Lt = 0
Wt—wét—nf/t = 0

Wt—ﬁ‘i‘it = 0

Using standard methods, one can obtain the aggregate decision rules for Xy, which will depend on
predetermined capital stock K; and on aggregate conditional expectations on productivity for some

j periods ahead, EtZHj.

3.3. When is heterogeneity of first order importance for aggregate fluctuations? A
repeated theme of the previous derivations is that heterogeneity was negligible to first order. The
key assumption was obviously the lack of frictions. In this section I will show that, as expected,
in the presence of frictions, heterogeneity matters to first order. In particular, wedges in the

"representative agent" equilibrium conditions above vary according to an extensive and an intensive
15



margin. In the previous section I considered only one source of heterogeneity, that of productivity.
In this section, I consider an additional dimension of heterogeneity, that of investment efficiency.
Both productivity and investment efficiency shocks, z;; and 7; ; respectively, can potentially affect

aggregate consumption and investment through different channels'®.

Below, I consider a modification of the benchmark model that considers the interaction of these
dimensions of heterogeneity together with a borrowing constraint on net worth '”. The modified

problem for the household is as follows:

& e —1
max EO Z 6t it gt
{s, e,k t41,Wi 041,545,617 - 1—w 1+7n
st aipr1 = Rywig + Yy — Preiyg
aitr1 = Pmigkige1 + wig
Uit = Wilig + (1= 0)Pimiikis + prig
L‘7t
kity1 = (1- O)ki¢ + :
it

kitv1 =0

Wir1 = —Pypiikiii

where the first order conditions with respect to capital and bonds are as follows:

—w —w k
NitCit = ﬂEtCz‘,tHRi,Hl + Vit + Pithhit
—w —w -1 .
Cit = /BEtci,t+17Tt+1Rt+1 + Migt

where f1;; is the multiplier on the occasionally binding borrowing constraint. Combining the two

... . _ RF, . —miem R v; .
conditions, u;; when non zero is equal to ( BE:c; ¥ il AC il 4t . Since bor-
s Mt tC5 t4+1

Nit—Pi,t Nit—Pi,t
rowing constraints can bind, household-workers or household-entrepreneurs are not perfectly in-

sured, so consumption inequality is not negligible. To simplify notation, let s; ; = (2 ¢, i ¢, ki t, Wit)

and S; be the vector that includes all aggregate information, including the distribution of s; ;.

16Byera and Moll (2015) studied these channels in isolation and concluded that heterogeneity in productivity is
the most likely form of heterogeneity as it leads to a fall in total factor productivity (TFP), as is often observed
in recessions. Nevertheless, Gopinath, Kalemli-Ozcan, Karabarbounis, and Villegas Sanchez (2017) have argued
that models of financial frictions that link TFP to financial frictions predict an increase in TFP after a financial
liberalization episode, which is inconsistent with the experience of Southern Europe, including Spain.

T The way I specify the borrowing constraint does not affect the qualitative statements made for the distortions
; ¢i¢ could in principle depend on the size of the firm k; ;41 as in Gopinath, Kalemli-Ozcan, Karabarbounis, and
Villegas Sanchez (2017) or the market value of its capital stock, (7).

16



Aggregating the bond Euler equation using p(s;¢|S¢), and using that agent expectations are formed
using p(si¢+1,St+1|5i¢,5¢), the approximate aggregated first order condition for bonds is equal

to:
(10) EtC;w = ,BIEtC;ﬁW;_llEt’t+1Rt+1 +/,Lti,tdAt(i)

where for Ciy1 = fci,t-i-lp(si,t-&-l‘st-i-hSt)d(si,t-i-l,si,t) and Cy = fci,tp(5i7t|st)d(5i,t)y =1+

%0;2‘/&7“,5(6570 and Zp41 = 1+ W(MH)C;21Vart(ci7t+1). Correspondingly, the approximate

aggregate condition for the investment Euler equation is

(11) 207 = BECEE / RF, 1 dA (i) + / g A0 (i)

k ((1=n4,e i, t)) it+1 ”t+1Rt+1 Vit
where Hit = BEwc; 41 ( Nit—Pit + Nit—Pirt

There are two important observations regarding distortions to the bond and capital investment Eu-
ler equations. First, u;; is weakly positive by construction and therefore the aggregate distortion to
the bond Euler equation, [ w;dA(i) = [ pisp(s; A 5,)d(s44), will be a weakly positive random vari-
able as well. Correspondingly, the aggregate investment Euler equation will be generally distorted as
well. Second, while we know the sign of the distortion to the bond Euler equation, p; = [ ;1 dA(i),
the same is not true for the distortion to the investment Euler equation, uf = i uﬁtdAt(i) , as it

depends on the net external financial position of the households'®

Condition (10) is therefore more amenable to empirical analysis. In particular, if data on the cross
sectional variance of consumption is also available to the econometrician, it immediately follows

that

—t

_ 1 [ Eti+1 .
Cr¥ = BEC T LR + BECH T (t:H - 1) Rit1 + /Mi,tdAt(l)

= Opf + BECH Ty < tﬂt:rl - 1) Riv1 +

18Notice that in the absence of investment efficiency shocks and foreign capital markets, if we apply same approx-
imation to marginal utility, the additive distortion is eliminated as multiplying the investment Euler equation by

. . o dAp 41 (d)
Ki+1, aggregating using p(si,e, si0+1]5, Se41) = g5

—(Cr¥ = BEC S my ) Reva) [ w%:lp(si,t,si,tﬂwt,St+1)d(5i,t,si,z+1) = 0 as bonds are in zero net supply. This is
similar to the result of Buera and Moll (2015). Otherwise, depending on whether net foreign lending is positive or
negative, the sign of the aggregate distortion can change.
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Taking unconditional expectations using i.e. K; as an instrument gives rise to the following moment

inequality ',
E W _OTY _ BOw -1 Et,t-&—l N K
(12) Cy 7l — BOAT Z, 1)Ryy1 | Ky = 0

Having characterized the aggregate distortions that can arise due to investment and productivity
shocks, we next analyze what we learn about the aggregate distortions and the model in general

from aggregated qualitative surveys.

4. ACCOUNTING FOR HETEROGENEITY THROUGH AGGREGATED SURVEYS

I focus on qualitative survey data because they contain distributional information that can be
directly linked to u;. This is especially true for economies with frictions, as the proportion of agents
whose behavior is distorted is an important statistic. An example of a distributional statistic that
has been routinely used to judge the validity of complete models is the proportion of firms which
cannot change prices in New Keynesian models featuring a Calvo adjustment mechanism. We thus
view our approach as a significant generalization of the treatment of microeconomic information in

dynamic equilibrium models.

Qualitative survey data are usually available in the form of aggregate statistics, where aggregation
is performed over categories of answers to particular questions. As in micro-econometric studies,
the categorical variable is a function of a continuous latent variable. In a structural context, there
is a measurable mapping from the categories of answers to the random variables relevant to the
decision of each agent. For example, if the question is of the type "How do you expect your
financial situation to change over the next quarter" and the answer is trichotomous, i.e "Better",
"Same" and "Worse", then the answers map to a set of partitions of the end of period assets a;41:
ai+1 € [ar + €,0), ar41 € (ay — €,a; + €) and a1 € (—00,a; — €] for some €, > 0. These partitions
have a one to one mapping to partitions of the information set of the agent, (s;+,S;). For example,
if the agent receives a bad draw in income, and «; is low enough, then she will choose "Worse".
Similarly, questions that ask for the current state of the agent have an identical interpretation in

terms of partitions of the information set.

Notice that Cf_f is the frictionless model prediction, which under rational expectations should be equal to
BEiC;ﬁﬂ;rllRHl by construction.
18



To formalize this, denote by {&;:}i<n the survey sample over a period of length T, for N re-
spondents. Let C; be the I*' categorical answer and &t the respondent’s choice. The proportion of
respondents for each category [ are therefore equal to l?i =D<n 1 (&t € (7). Under truth telling, we
can map the answer to agent beliefs i.e. there exists a mapping h : éi,t — it = E;1(zi441/(5it,S¢))-
Moreover, since the conditional expectation is a function of the information set, say g(s;¢,St), let

* = {(si4,5) € R2atn2) . (s, Sy) € By} for By := h(C), that is, Sf belongs to the partition of
the support of (s, S;) that corresponds to category C'. Consequently, the survey statistic has the
following theoretical form, which can be linked to the model:

(13) B = 2 1(E; (86,641, St)| (84,6, 5¢)) € By)

i<N

Given this form, I next characterize the additional restrictions that survey data impose on the
estimation. Let Y;f be the frictionless model prediction and let A\ = Y; — th = A7 + A" where \?

is the observable component (up to the parameter vector ) of the aggregate distortion and A} the

unobservable component. For example, in the previous section, A\{ = —BC;F‘{W;FII (:t’:tjl — 1) Ryiq

while A" = py.

Since py = [ pidAi (i) = fsit:#iﬁéo witdA¢ (i) using Bayes law, we decompose p; into two multi-

plicative components:

/ pigdhy(i) = Ey(piglpig # O)Py(uis # 0)
Si,t: 4,670

= HtBt

where k; is the intensive margin, that is "the average distortion conditional on the household being
constrained", and B, the extensive margin. Notice that since B; € (0,1], x; and p; will have the

same sign.

4.1. Empirical Restrictions. Assuming that the aggregate moment conditions are additively
separable in ), the following proposition characterizes the restrictions implied by frictions and

heterogeneity when survey data is present or not:
19



Proposition 1. For l’;’i — By € (0,1], a positive random variable X;—1 which is Y;—1 measurable

and known sign of p (or E¢(ue)) then

(14) sign (B (g (Ye, Yi1,0) — A7 (Ye, Yer1,0)) X1 By ') = sign (E(r X 1))
When B’{g is not available, then

(15) sign (E (g9 (Yt, Yie1,0) = A7 (Ye, Yiq1,0)) Xer) = sign (E(ue Xi-1))

Proof. See Appendix A O

Obviously, when By is zero for all ¢, then condition (14) collapses to the standard moment equality
restriction i.e. the one implied by the frictionless model. Moreover, conditions (14) and (15) are
moment (in)equality conditions and feature alternative restrictions depending on the availability of

qualitative survey data.

4.2. Full Information Analysis. The analysis above was based on estimation that utilizes the
moment inequality restrictions arising from the equilibrium conditions of the model. However,
one might want to conduct experiments using a full information approach. I next illustrate how
this becomes possible with a representation result that allows us to work with distortions in the

aggregate decision rules of the economy.

As already illustrated in Section 3, the aggregate equilibrium conditions can be distorted. Denoting
the aggregate endogenous and exogenous states by X; = [ @;,dA(i) and Z; = [ zi7tdAt(i)20, the

general log-linearized aggregate conditions are as follows:

(16) GO)X, = FOE(X11|X,) + L10)Z, +

Under complete markets, the model reduces to the frictionless representative agent model, where
ity = 0. To achieve maximum generality, I also assume that a subset of parameters in 0, say 6o, is
also set to zero. In the context of Section 3, this can correspond to eliminating =;, the log-linearized

version of the cross sectional consumption variance, which does not appear under complete markets.

20Note that the representation I choose for z;; and z; . is general enough, as it can include past endogenous variables
and quantities that are determined by aggregate behavior. For example, in section 3, R; can be included both in z; ;
and X;.
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I thus partition the vector € into two subsets, (61, 63), and the frictionless economy can then be

summarized by:

(17) G(61,00X, = F(b1,0)E(Xp41|X, Z)) + L(61,0)2,

(18) Zt = R(Q)Zt_l + €¢

Using the decision rule in the expectational system (17) and solving for the undetermined coeffi-
cients ?!, a Rational Expectations equilibrium for the frictionless economy exists if the following

assumption is satisfied:

1. ASSUMPTION-EQ
There exist unique matrices P*(61,0),Q*(01,0) satisfying:

(F(61,0)P*(01,0) — G*(61,0))P*(61,0) = 0
(R(O)T ® F(6:,0) + L ® (—F(61,0)P* (81,0 + G*(61,0)))vec(Q(61,0)) = —vec(L(6:,0))

such that X; = P*(01,0)X—1 + Q*(61,0)Z; is a competitive equilibrium.

4.3. Representation : From Wedges to Decisions. I next characterize the relationship be-
tween [i; and a set of candidate decision rules that depend on the endogenous states and some
unobserved process, \;. Proposition 2 states sufficient conditions such that decision rules are con-

sistent with fi;.

Proposition 2. If there exist matrices (My, Ms) such that iy = M1 X1 + MsZ;, then
(1) There ezists a distorted aggregate decision rule X; = th’RE + \¢ which satisfies (16)

(2) There exists a matriz H such that A\, = HJi; where

vece(H) = (M| ®G(6:1,0) — (M1 P*(01,05)) ® F)) ' vee(M,)
vee(My) = (Iyyn. — R @H — I, ® (GH)) ' (MiQ*(61,02)) ® F) vec(H)

where and (P*(01,62), Q*(01,02)) is the Rational Expectations solution to (16).

Proof. See Appendix O

218ee for example Marimon and Scott (1998).
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Proposition 2 illustrates that there is a linear relationship between \; and fi; while H is a nonlinear
function of (M7, Ms) due to cross equation restrictions. From an econometric point of view, this
implies that the wedge in the moment conditions translates to a distortions in the decision rules
which can be parameterized by 5\t =HM X, 1«+HMyZ, = Hi X;_1+HoZ,. The assumption that i,
is a linear function of the states merits some discussion. Essentially, there is an implicit assumption
that the average value of x;; and z;; is sufficient to predict future variables i.e. the distribution

does not matter. This is also reminiscent of the approach of Krusell and Smith (1998).

The implication of Proposition 2 is that despite the incompleteness of the structural model, in
the sense that the precise mapping of the wedge to parameters is unknown, a likelihood function
can be constructed and estimation can be carried through. This, nevertheless, will not lead to
point identification for (6, Hi, H2) in general. Log-linearisation makes it is hard to know whether
certain restrictions can hold a priori. Nevertheless, likelihood based inference can be conducted

using identification robust methods like the one adopted in the empirical part of section 7.

I next discuss the identification of the frictionless model given the information contained in the

moment restrictions derived in Proposition 1.

5. IDENTIFICATION

5.1. Identification without B;. Revisiting the moment inequality restrictions derived in the
previous section, condition (15) is a standard moment inequality restriction, which can be expressed

as follows:

(19) E ( g (Y Yer,6) - AtIO(Yt,YtH,e)) (Y1) =Eug(Y™!) = U e [0,0)
X X

where ¢(.) is an inequality preserving function of Y7~! and U is a vector of nuisance parameters

that restore the moment equality. From an economic point of view, the set of model completions

is simply the set of all possible mechanisms that generate the wedge u; such that U > 0. The

identified set is thus defined as follows:

(20) 0 = {9 €0:3U e XRYE (m(Y;, Yig1,0)p(Yeo1)) — U = o}

Where m(n;}/;ﬂrlae) = (g (nanJrl)e) - Ag(na}/;ﬂrl?e))'
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In the next proposition, we will use the notion of correct specification and conditional identification,

which we define below:

Definition 1. We say that m(Y;, Yi41,0) is correctly specified if there exists 6y € © such that if

U = O, Em(Yt,YtH,QO) =0.

Definition 2. For some U € X RT, 6;(U) is conditionally identified if there does not exist any
dim U
other 6 € O, 65(U) such that Em(Ys, Yiy1,01(U)) = Em(Ys, Yigr1,02(U)).

Correct specification ensures that the identified set is not empty, while definition 2 is important for

guaranteeing that more information on the wedge U leads to a smaller identified set for 6.

We next clarify the distinction between just identifying information and overidentifying information
in a the set identification context, which will be useful for our main result on qualitative survey

data.

Proposition 3. O; when r = ng

Under correct specification of m(.) and conditional identification,

3! invertible mapping G : O = G H(U) n O
Proof. See Appendix O

Proposition 3 establishes that fixing a value for the wedge U, there exists a unique value for 0,
defined as 0(U), that satisfies 19. This is akin to the order condition for identification in moment

equality models.

Given this one to one mapping, any additional information is likely to make the identified set

smaller.

5.2. Identification with B;. Our final aim is to illustrate that access to qualitative survey data
is likely to be reduce the identified set, we distinguish between moments m, ¢(), the necessary mo-
ments functions for Proposition 3 being true and mg () the additional moment functions where for
notational brevity, we have dropped the dependence on Y™ !. Moreover, let g +(0) 1= mq+(0) ¢t
and mg+(0) := mp(0)pr, 1, (0) and 1hg(0) the corresponding vectors, and m,(6) and mg(f) the

vector means. Moreover, let W be a real valued, possibly random weighting matrix, diagonal in
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(Wq, W3). Furthermore, denote by @, the conditional expectation operator when conditioning on

1
W&Tﬁla(ﬁ) and by QL the residual operator.

The following proposition specifies that as expected, for the identified set to be weakly smaller, the

additional moments have to be less than perfectly correlated with the necessary conditions:

Proposition 4. The Identified Set with Additional Conditions
(1) Proposition 3

_ 1 1 _ 1 _ 1 _
(2) Uy = {U, € [U, TN}, with U= (W3 Vot W3 Vi)dy, U= (Wi Vo, + W5 Vs, and define

s = {ve 10.01:505 (Wi mi00) - ) - o

Then,

(21) Oy coOr iff Uil

Proof. See the Appendix O

Given these identification results, we can analyze identification arising from any inequality restric-
tion, and therefore any additional type of information can be potentially analyzed. Below, we
discuss and formally show how qualitative survey data can provide additional restrictions that are
informative about aggregative models of economies with frictions. Such information constrains

further the stochastic properties of i, and therefore the size of O7.

Proposition 5. Identification with B
(1) If BF — B; € (0,1), ©, c ©y.

(2) Impossibility of point identification: When By # 0, Oy is not a singleton
Proof. See Appendix O

The set of admissible structures becomes smaller, and we can therefore make more precise state-

ments regarding parameters and conditional predictions.
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6. EVIDENCE ON FINANCIAL FRICTIONS USING SPANISH SURVEY DATA

The economy of Spain has experienced a severe financial crisis during the period 2008-2014. The
burst of the housing bubble which was supported by unrestrained credit growth in the past has
resulted in firm bankruptcies and a large drop in investment. Similarly, household indebtedness
which was also supported by a strong credit growth before the crisis was succeeded by de-leveraging.
In the upper panel of Figure 7 we plot the cyclical components for consumption, investment and

output after 1999.

Real Cyclical Components (per capita)
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1

—
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1998-Q3 2002-Q3 2006-Q3 2010-Q3 2014-Q3 2018-Q3

————— Private Consumption
--------- - GDP

Fixed Capital Formation

FIGURE 2

A similar picture can be drawn if one looks at the aggregated surveys of firms and consumers.
In the lower panel of Figure 2 we plot the proportion of firms that reported financial constraints
(question 8F') while for consumers we plot the proportion of consumers reporting that their current

and future financial situation will worsen i.e. they are likely to go into debt.

Since a fraction of these households are likely to face borrowing constraints in the future (Q2 and
Q12 n the monthly consumer survey), the number we report is an upper bound to that fraction

22 Nevertheless, as evident from Figure 3, the fraction measured by the Business and Consumer

22Detailed information on this survey data can be found at: http://ec.europa.eu/economy_finance/db_
indicators/surveys/index_en.htm
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Survey tracks quite well the exact
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6.1. Does heterogeneity matter? Some preliminary evidence from an SVAR. A rea-
sonable question to ask is whether heterogeneity does matter for the determination of aggregate
outcomes in Spain. To investigate this, we first estimate a vector autoregressive model (SVAR) that
includes the aggregated qualitative surveys presented in Figure 2. (cite Schoefheide) More particu-

larly, let Y be the vector that includes aggregate investment (I), consumption (C), the real interest
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rate (EONIA) (R) and LCC, FCP, FCI. The corresponding structural model is therefore:
(22) BY;, =AY;_1+e;

where u; = B~'e; and e; ~ (0,1,,). To provide a semi-structural interpretation to innovations
in (LCC,FCP,FCI), we employ a Cholesky identification scheme with Y; ordered as follows:
(FCP,RR,LCC,C,FCI,I). The proportion of firms claiming production related financial con-
straints F'C'P is unrelated to the consumption or investment side, while investment is likely to re-
spond contemporaneously to both desired savings by households - constrained and unconstrained,
and the real rate. Correspondingly, aggregate consumption is contemporaneously affected by FCP
and the real rate but not investment and LC'I, which probably affect it with a lag. To assess the
validity of our restrictions, we also employ the restrictions that as; = as; = 0, where the latter
acknowledges that RR is to a large extent exogenous. This also delivers a likelihood ratio test
(over-identification) with pg% = 0.672. Since this is a likelihood ratio test, all the restrictions are
considered jointly valid. The identified impulse responses to innovations in the extensive margins

are as follows:

Consumption Response to FCP shock Investment Response to FCP shock Consumption Response to FCI shock
.02+

-.02+

-.04

Investment Response to FCI shock Consumption Response to LCC shock Investment Response to LCC shock
.02+
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FIGURE 4
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The strongest and most significant response to variations in the intensive margin for financially
constrained firms is, as expected, that of aggregate investment. A one standard deviation increase
in the proportion of investment firms claiming financial constraints causes a fall to aggregate invest-
ment, which reaches its maximum in around two years, while it decreases consumption, with the
maximum decrease within one year (borderline significant at 10% level for three to four quarters
ahead). Correspondingly, one standard deviation increase in the proportion of firms that claim
production related financial constraints lead to an initial drop in investment and a very mild in-
crease on consumption after six quarters,which is both economically and statistically insignificant.
Finally, a one standard deviation increase in the proportion of constrained consumers leads to an

(bound) an initial drop in investment, as entrepreneurs cannot borrow.

Though preliminary, the SVAR, evidence reveals that the extensive margins are significant drivers
of fluctuations in the Spanish economy, at least for investment. However, such evidence is to be

taken with a grain of salt, as we still need to measure the extensive margin.

6.2. Real Business Cycles and Financial Frictions. To further understand the interactions
of financial frictions and macro-aggregates in the Spanish economy, we estimate the real business
cycle model presented in Section 3, slightly modified to take into account of capital utilization and
the openness of the Spanish economy. Before presenting the estimation results, we first examine
whether additional moment conditions generated by consumer survey data are informative for
structural parameter estimates. We use the following moment conditions to estimate the coefficient

of relative risk aversion and the Frisch elasticity of labour supply, w and 7 respectively.

(23) E(CJW—BC;%&(“’;tjl)Rm) YiB' = 0
(24) E (L] — W;C;¥E) Y = 0

As evident, the posterior distribution for w becomes less dispersed and more sharply peaked, and

the confidence set for the identified set becomes narrower?’. The arguably small change in the

posterior is perfectly in line with Proposition 5: The percentage of consumers which report liquidity
constraints was roughly constant before 2008, while it varies from zero to 0.5% over the rest of the

23Notice that the MCMC chain was generated using the same seed. Thus, any differences in the posteriors are entirely
attributed to identification power.
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period. If B; is entirely constant, then there is no additional information. The corresponding
(projections) of the 95% joint confidence set obtained using quantiles from the posterior draws of
the objective function as in Chen, Christensen, O’Hara, and Tamer (2016) confirm the observations

from Figure 5.

Prior and Posterior Distributions for w Prior and Posterior Distributions for 7
T T T T T T

0.3

0.2

0.1

FIGURE 5

Turning to full information analysis, the log-linearized model is as follows:

Si—Ci+Cryp = 0

YU~ (L—4)Rf = 0

K'—Ki 1 +U = 0

—wC; — (1= B(1 = 0)ERE  + wE iy = 0
Yss Y2 — CssCt — issly — G — ugsUp —vSy = 0
K1 —(1—=0)K,—6; = 0
fQ—aZt—aK}—(l—a)l?t = 0
Rf—aZi+(1—a)K,—(1—a)l, = 0
VNVt—wCN't—nf/t = 0

Wt—ﬁ—FI:t = 0
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where S; is the exchange rate with respect to the rest of the world, while C; f is exogenous net ag-
gregate demand. To construct @500;3 for the identified set we use a recent computationally attractive
procedure proposed by Chen, Christensen, O’Hara, and Tamer (2016). To obtain the parameter

draws, we use a 2-block RW-MCMC with uniform priors for all parameters®*.

Below, I plot the identified total distortions to Consumption, Hours and Investment:

Total Distortion (at ©04.)
T T T

0.025 T

0.02

0.015

0.01

0.005

-0.005

-0.01

-0.015

-0.02

1 1 1 1 1 08
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1 I

-0.025 :

FIGURE 6

Given the confidence sets for A, and Ay, I compute the corresponding extensive and intensive

margins:

24vwe keep the last 300000 draws for inference.
30



Investment Margins

- Extensive (Total)

0.8

-0.8

2002 2004 2006 2008 2010 2012 2014 2016 2018

2000

Consumption Margins

=== Intensive

0.03

0.02 -

0.01

-0.01

-0.02 -

-0.03

2002 2004 2006 2008 2010 2012 2014 2016 2018

2000

FIGURE 7

Moreover, OLS confidence intervals from projecting the total distortion on the extensive margins

reveals that the proportion of constrained agents is insignificant for aggregate consumption, while
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the proportion of firms that claimed productive constraints are significant predictors of the con-
sumption distortions. This suggests that aggregate consumption has suffered mostly through TFP

losses:

TABLE 1. Confidence Set for Proj(\.)

Parameter | gos5% | 9o7.5%
BFCC ]-0.0096 | 0.0017
BFCr 0.0002 | 0.0089
BT -0.0029 | 0.0097

On the other hand, aggregate investment seems to have suffered through both TFP losses and
liquidity constraints of firms producing investment specific goods. Although not statistically signif-
icant, liquidity constrained consumers seem to have contributed positively to investment through

savings.

TABLE 2. Confidence Set for Proj(Ainy)

Parameter q2.5% 4997.5%
BFCC {[-0.2690 | 0.0855
BLCP 0.0716 | 0.3435
BT 0.0719 | 0.4672

7. CONCLUSION

This paper has shown that inference about the direction and severity of frictions in an economy can
be improved with the use of qualitative surveys. The latter can provide additional distributional
information, which is crucial in economies with ex post heterogeneity and frictions. In general,
survey data provide a sufficient statistic for this information that would otherwise have to be

generated by a heterogeneous agent model.
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8. APPENDIX A

Proof. of Proposition 1.

Recall the representation for the model with frictions, that is,
G(01,0)Xy = F(01,0)Ee(Xe41]Xe) + L(01,0)Z; + fi

Plugging in the candidate distorted decision rule: X;* = th RE L X, and using the competitive

equilibrium conditions for the frictionless model F(6;,0)P*(01,0) + G*(61,0) = 0 and (R(61,0)T ®

Ng XNy Ng XNy Ng XNy Ny XNy

F(61,0) + I, ® (F(61,0)P*(601,0) + G*(61,0)))vec(Q(#1,0)) = —vec(L(01,0)) leads to:
G(61,0)N; = B F (01, 0) A1 + /it

Substituting for mu; = M1 X¢—1 + MsZ; and A\t = H ji; and matching coefficients on X; 1 and Z;
we arrive at
vec(H) = (M{®G(6:1,0) — (M1P*(61,62)) @ F))f1 vec(My)

vece(My) = (Lypn. — R @ H — I, @ (GH)) " (MiQ*(61,62)) @ F) vec(H)

Proof. of Proposition 6:

Let Wi,t = (zi¢—1, 2it) and denote by W} := (X}, Z) the support of the subset of Wi,t such that

Ait # 0, and by W, their complements in (X, Z).

First, notice that the survey statistic is unbiased for the proportion of agents facing frictions in the

model at time ¢. Using A¢(7) := Py—1 (2 -1 < 2, 2;; < z) to compute conditional expectations,

B; = Et_1l§k,t = Z WiE:—1(1 [Wi:t € Wt*])
<IN

= Pt—l(Wz’,t € Wt*)

P4 (Aiﬂg # 0)
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Proof. of Proposition 4 (ng =r)
Fix U1 e (U,U]. Assuming conditional identification (Definition 2), there is a unique value of §*

ng X

such that Em(Z, 6*) = G(0*) = U1' Thus, ©; = © n G L((1)). O
ng X

Proof. of Proposition 5 Denote the moment conditions using n, macroeconomic variables by
q1(0,Y™!) and moment conditions using m — n, survey variables by g2(6, Y1)

@0, Y™ = V(Y e (Yo, V(Y]

ny X1

qz((&}}i';l) = V(Y1) e (Yo)2, V(Yo)2]

which again imply the following unconditional moment restrictions of the form Em(.) = 0:

E(o(Z)(q(0, Y™™ H =Vi(Y™™ 1)) = 0

E((Z) (@20, Y1) = W(Y™™)) = 0
Partition the vector m = (mg, mg)T where m, contains the first ny moments. Since m > ny, and

given a general weighting matrix W, we have the following first order conditions:
T3] ir
EJ(0)" (W3 ma + W3 mg—V(Z)p(Z)) = 0

where the Jacobian J(f) has full rank. To economize on notation, redefine the weights after
Nm XTg
T

pre-multiplication with the Jacobian, which implies that: E(Wé My + WB%TmB) — nGUx o= 0.
This is a projection of m on a lower dimensional subspace. Since W is an arbitrary matrix,
and (mq,mg) are possibly correlated, we reproject the sum onto the space spanned by Wé Tma.
Define @, := WéTma(mEW(fma)_lmgwté, the projection, and Q7 the orthogonal projection.
Since the original sum satisfies the moment condition, then the two orthogonal complements will

also satisfy it: Therefore,
1 1p 1 1p
Qo | W& ma+W§ mg—-U| = Wi mg+Qa Wg mg—-U) =0
i 1p i
Qt (Wo? m,, + W2 mﬁ—U> = Qi <W; mg—U) =0

1 1 1p_ 1 _
where U € [W2' V(Yoo + W7 V(Yo)s, Wé V(Yo + W2 V(Y0)s5]© 6(Yy).
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As in Proposition 4, the first set of restrictions identifies a one to one mapping from U to O, and
therefore 0*(U) = G~1(U). Plugging this in the second set of restrictions eliminates dependence on

me and imposes further restrictions on the domain of variation of U. Thus
1
QL <W52Tm5(U) - U> -0

_ 1
The admissible set for U is now {U e (—inf,U): QL (Wngg(U) - U> = 0}. Therefore, 30 €
6(U) : 0 ¢ ©;(U’) and consequently ©; < ;.

The same result carries through if we replace the linear projection with conditional expectations.
In this case, @), is the conditional expectation operator, which also implies that any integrable

moment function m can be decomposed as m = Qum + Qim such that Qu(m — Qum) = 0. O

Proof. of Corollary 7
(1): When B, = 0, E(g (Y, Yit1,0) — A2(Ys, Yig1,60)) Xi—1 = 0 which trivially restores point iden-
tification. When B; = 1, 14 collapse to 15

sign (E (g (Y1, Yit1,0) — N (Y2, Y1, 0)) Xo—1) = sign (E(keXi—1)) = sign (E(uXe—1))

For B; € (0,1), the moment conditions in 15 and 14 are not perfectly correlated as Corr(ke, ) =

Corr(ke, Bik) # 1. By proposition 5 we conclude.

(2): Suppose that Oy is a singleton. Then it must be that the RHS of 14 is zero: Either B; = 0 for

all ¢, or A¢(7) has unit mass on one agent who is unconstrained, and thus B; = 0 as well. O

Proof. of py.... ¢ pu,1p,2 in Partial Equilibrium
We first illustrate how we compute the distortion A;;. If the agent is constrained, then according to
the Euler equation it has to be the case that p,x;; = E(ci+1|Ait > 0) + Ai¢. Expectations about

the future have to include the possibilities of being constrained or not in ¢ + 1, thus:
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putit = E(citr1lAiz > 0) = Aig
= E(xi7t+1])\i7t > O)P()\@t_;_l > O‘Ai’t > 0)

+ <1 — 1p_’/jr> E('ri,t-&-lp\i,t > O)IP)(/\M_H = 0|>\i,t > 0) — )\Z‘7t

= E(xi,t-'rl’)\i,t > 0) [1 - %P(/\i,tﬂ = 0|>\z‘,t > 0)] — it

— g {1 - %P()\MH — 0| Aiy > 0)] — N

— [1 - 1‘%(1 - Fy(az*))] — Ais

where in the last two lines we use that cash on hand in ¢ + 1 if constrained at ¢ is equal to y;4+1

whose expected value is the unconditional mean, while the probability of being constrained in ¢ + 1

is Fyy(x*), «* being the cash on hand threshold. Thus, \;; = —pui¢ + ¥y [ — (11— Fy(m*))] and

A = Pucis+ e+ 1(Aig > 0) <_puci,t +y (1 - 1p:r(1 - Fy(x*))>>

PuCit + €41 + 1(Xig > 0) (Micit + o)

E(citpt)

2
Eci’t

If puols is admissible, then evaluating the LHS of (8) at the true p, 0 and the RHS at p, o5, and

To derive the bound, let p; := Py(Aiy > 0), p :=

and denote by ¢(z) the Normal density.

solving for py:

(I)(v — ﬁ,uci,t) - (I)(U — ﬁu,olsci,t)
(v — pucit) — (v — Ao — (Pu + A1)cit)

bt

The function g(p;) := @(f_)(;;i‘:;fg(fi%:ﬁ (’E:ﬁf\iit))ci’t) satisfies g(0) = 0 and g(1) = 1 and

—-p olsts 5\ =1 i
g,(pt) _ SO,,(/U Pu,ol C,t)( 1|p _ )C it ' -~ 0
P(v — Pucz,t) —®(v— Ao — (Pu + )\l)cut)
o(v— ﬁu,olsci,t)((j‘ﬂp = 1)Ci,t)2
(v — pucit) — P(v — Ao — (b + A1)cip)

g”(pt) = 05_2(U - ﬁu,olsci,t)
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8.1. Constrained versus Unconstrained Consumption. The figure below depicts the con-
sumption function in incomplete markets. Notice that for large values of x;, C{"¢ and C{°™ become

parallel, as expected.

2.2 TT

Consumption

1l L I I I

X* 1.2 1.4 1.6 1.8 2
Cash on Hand ()

FIGURE 8. Optimal Consumption

TABLE 3. Confidence Set for O gy

Parameter 42.5% 497.5%
w 0.906 | 1.362
n 2.924 | 3.263
v 0.006421 | 0.2531
% 0.9627 1.0
Pa 0.1836 | 0.7822
P 0.000 | 0.06399

Pfor 0.000 | 0.192
Lo 0.004384 | 0.1249
L for 0.000 | 0.001215
m 0.000 | 0.001438
g 0.01615 | 0.02727
Tu 0.2542 | 0.3385
o 0.3769 | 0.5511

O for 0.5466 | 1.256
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8.1.1. Data Transformation-Balance Statistics. Given that in our theoretical analysis we
assumed positive balances that directly relate to a probability statement, we need to make a simple
transformation of the balance statistics. We have already defined the probability of an event as
a certain partition of the relevant random variable of interest. If this random variable is x, then
we partition x in i.e. 5 intervals, namely x1,z2,x3, x4, 5. The probability mass p; in a particular
partition will therefore give the probability of this random variable lying in this partition of the
support. The balance statistic B = ps + 0.5p4 — p2 + 0.5p; is equivalent to judging whether
there is more mass above or below the median x, med(z) and truncating the distribution on both
ends by the same proportion to avoid extremes. Taking the truncated distribution as the true
distribution, then the balance statistic is B = P(z > med(z)) + P(z < med(z)) which implies that

P(z > med(z)) = L55.

REFERENCES

AnN, S., G. KapraN, B. MoLL, T. WINBERRY, anxpD C. WorLF (2017):
“When Inequality Matters for Macro and Macro Matters for Inequality,” in
NBER Macroeconomics Annual 2017, volume 32, NBER Chapters, pp. 1-75. National Bu-

reau of Economic Research, Inc.
ALVAREZ, F., anD U. J. JERMANN (2015): “Quantitative Asset Pricing Implications of Endogenous

Solvency Constraints,” The Review of Financial Studies, 14(4), 1117-1151.

ARELLANO, M., L. P. HANSEN, anxD E. SENTANA (2012): “Underidentification?,” Journal of
Econometrics, 170(2), 256 — 280, Thirtieth Anniversary of Generalized Method of Moments.

AUCLERT, A. (2017): “Monetary Policy and the Redistribution Channel,” Working Paper 23451,
National Bureau of Economic Research.

AUCLERT, A.; M. ROGNLIE, AND L. STRAUB (2018): “The Intertemporal Keynesian Cross,” Nber
working papers, National Bureau of Economic Research, Inc.

BERNANKE, B. S., M. GERTLER, AND S. GILCHRIST (1999): “The financial accelerator in a

quantitative business cycle framework,” in Handbook of Macroeconomics, ed. by J. B. Taylor,

and M. Woodford, vol. 1 of Handbook of Macroeconomics, chap. 21, pp. 1341-1393. Elsevier.

BLUNDELL, R., L. PISTAFERRI, AND I. PRESTON (2008): “Consumption Inequality and Partial

Insurance,” American Economic Review, 98(5), 1887-1921.
38




BROWNING, M., L. P. HANSEN, anDp J. J. HECKMAN (1999): “Chapter 8 Micro data and general

equilibrium models,” vol. 1 of Handbook of Macroeconomics, pp. 543 — 633. Elsevier.

BUERA, F. J., anp B. MoLL (2015): “Aggregate Implications of a Credit Crunch: The Importance

of Heterogeneity,” American Economic Journal: Macroeconomics, 7(3), 1-42.

CHALLE, E.; J. MATHERON, X. RAGOT, anp J. F. RUBIO-RAMIREZ (2017): “Precautionary

saving and aggregate demand,” Quantitative Economics, 8(2), 435-478.

CHANG, Y., S.-B. Kim, axp F. SCHORFHEIDE (2013): “Labor Market Heterogeneoty, Aggrega-

tion, and Policy (In)Variance of DSGE Model Parameters,” Journal of the European Economic

Association, 11, 193-220.

CuARI, V. V., P. J. KEHOE, anp E. R. MCGRATTAN (2007): “Business Cycle Accounting,”
Econometrica, 75(3), 781-836.

CHEN, X., T. CHRISTENSEN, K. O’HARA, anD E. TAMER (2016): “MCMC Confidence Sets for
Identified Sets,” .

CHETTY, R. (2009): “Sufficient Statistics for Welfare Analysis: A Bridge Between Structural and
Reduced-Form Methods,” Annual Review of Economics, 1(1), 451-488.

—— (2012): “Bounds on Elasticities With Optimization Frictions: A Synthesis of Micro and
Macro Evidence on Labor Supply,” Econometrica, 80(3), 969-1018.
CONSTANTINIDES, G., AND D. DUFFIE (1996): “Asset Pricing with Heterogeneous Consumers,”

Journal of Political Economy, 104(2), 219-40.

CORONEO, L., V. CORRADI, AND P. SANTOS MONTEIRO (2011): “Testing for Optimal Monetary
Policy via Moment Inequalities,” .
DEATON, A. (1991): “Saving and Liquidity Constraints,” Econometrica, 59(5), 1221-1248.

DEATON, A. (1997): The Analysis of Household Surveys: A Microeconometric Approach to

Development Policy. Johns Hopkins University Press for the World Bank, Baltimore.

DEL NEGRO, M., anp F. SCHORFHEIDE (2013): DSGE Model-Based Forecastingvol. 2, Part A of

Handbook of Economic Forecasting, chap. 2, pp. 57 — 140. Elsevier.

Farui, E., anp I. WERNING (2016): “A Theory of Macroprudential Policies in the Presence of
Nominal Rigidities,” Econometrica, 84(5), 1645-1704.
GOPINATH, G., E. KALEMLI-OzCAN, L. KARABARBOUNIS, AND C. VILLEGAS SANCHEZ (2017):

“Capital Allocation and Productivity in South Europe,” The Quarterly Journal of Economics,

132(4), 1915-1967.

39



GUVENEN, F. (2006): “Reconciling conflicting evidence on the elasticity of intertemporal substi-

tution: A macroeconomic perspective,” Journal of Monetary Economics, 53(7), 1451 — 1472.

Harr, R. E. (1978): “Stochastic Implications of the Life Cycle-Permanent Income Hypothesis:
Theory and Evidence,” Journal of Political Economy, 86(6), 971-987.

HEATHCOTE, J., K. STORESLETTEN, AND G. L. VIOLANTE (2014): “Consumption and Labor

Supply with Partial Insurance: An Analytical Framework,” American Economic Review, 104(7),

2075-2126.
Ho, K., anp A. M. ROSEN (2017): “Partial Identification in Applied Research: Benefits and

Challenges,” in Advances in Economics and Econometrics: Volume 2: Eleventh World Congress,

vol. 2, p. 307. Cambridge University Press.
KaprLaN, G., G. L. VIOLANTE, AND J. WEIDNER (2014): “The Wealthy Hand-to-Mouth,”

Brookings Papers on Economic Activity, 45(1 (Spring)), 77-153.

KRUSELL, P., aND A. A. SMITH (1998): “Income and Wealth Heterogeneity in the Macroeconomy,”

Journal of Political Economy, 106(5), 867-896.

LuBik, T. A., anD F. SCHORFHEIDE (2004): “Testing for Indeterminacy: An Application to U.S.

Monetary Policy,” American Economic Review, 94(1), 190-217.

LUTTMER, E. G. J. (1996): “Asset Pricing in Economies with Frictions,” Econometrica, 64(6),
pp. 1439-1467.

MARIMON, R.; anD A. SCOTT (eds.) (1998): Computational Methods for the Study of Dynamic

Economies. Oxford University Press.

PAKES, A., J. PORTER, K. HO, anD J. IsHII (2015): “Moment Inequalities and Their Application,”
Econometrica, 83(1), 315-334.

P1ssArRIDEs, C. A. (1978): “Liquidity Considerations in the Theory of Consumption®,” The
Quarterly Journal of Economics, 92(2), 279-296.

SMETS, F., aAND R. WOUTERS (2007): “Shocks and Frictions in US Business Cycles: A Bayesian
DSGE Approach,” American Economic Review, 97(3), 586-606.

ZELDES, S. P. (1989): “Consumption and Liquidity Constraints: An Empirical Investigation,”
Journal of Political Economy, 97(2), 305-46.

SPANDAUERSTR 1, 10178, BERLIN, GERMANY.
E-mail address: andreas.tryphonides@hu-berlin.de

40



	1. Introduction
	2. Partial Equilibrium Distortions and Surveys
	Informative Bounds on Risk Aversion and ex-ante Measures of Consumption Loss.

	3. An Approximate Heterogeneous Agent Model
	3.1. The Frictionless Model
	3.2. Approximation, Aggregation and Equilibrium
	3.3. When is heterogeneity of first order importance for aggregate fluctuations?

	4. Accounting for Heterogeneity through Aggregated Surveys
	4.1. Empirical Restrictions
	4.2. Full Information Analysis
	4.3. Representation : From Wedges to Decisions

	5. Identification
	5.1. Identification without Bt
	5.2. Identification with Bt

	6.  Evidence on Financial Frictions using Spanish Survey Data
	6.1. Does heterogeneity matter? Some preliminary evidence from an SVAR
	6.2. Real Business Cycles and Financial Frictions

	7. Conclusion
	8. Appendix A
	8.1. Constrained versus Unconstrained Consumption

	References

