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Motivation AEv:E

Estimating the structural parameters of economic models can be quite challenging:

x Frequentist approach — intractability or very difficult to evaluate likelihoods.
x Bayesian approach = no analytical posterior distribution for DSGEs.

- Indirect Inference is an alternative to maximum likelihood or bayesian estimation that does not
require analytical tractability.

- A key feature of indirect indirect inference is the use of an auxiliary (econometric) model to
form a criterion function.

* The most popular approach is a vector autoregression (VAR) for the variables of interest.

- Starting with Jorda (2005), local projections (LP) have become an increasing widespread
alternative to study the propagation of structural shocks.

- How should we choose between VAR and LP when picking the window through which we view the
actual data and the simulated data generated by the economic model?
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What We Do MNEuiE

INSTITUTE

- We use Monte Carlo methods to compare the performance of the two moment generating
functions in a specific application involving the estimation of the parameters of a dynamic
general equilibrium model (DSGE).

* We use the log-linearized version of Smets and Wouters (2007) model as our data generating process.

x Given the complexity of the SW model we can consider the propagation of different shocks:
technology, fiscal and monetary policy, and study their ability in picking up different parameter
values.

* We use the Root Mean Squared Error (RMSE) as a measure to assess the performance parameter
by parameter and the J-statistic for the overall performance.

- We use our Local Projection approach to Indirect Inference in a real world empirical
application.

* We study how well the Smets and Wouters model is able to capture the response of key macro
aggregates to technology, fiscal and monetary shocks.

x We compare how the resulting parameter estimates differ from those in their paper.
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Where We Stand in the Literature MEvI:
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- There are two papers that stand out and that we use as our starting point:

* Smith (1993) as the seminal contribution that proposed the use of VAR coefficients as moments in a simulated
method of moments exercise.

+ Plagborg-Mgller and Wolf (2021) because they show that LP with p lags as controls and VAR(p) estimators
approximately agree at impulse response horizons h < p.

- However, we differ from these two papers in a few important matters:

* In contrast with Smith (1993), we propose a different way of summarizing the actual and the simulated data by
means of impulse responses estimated using local projections.

+ Our ultimate object of interest is different than that of Plagborg-Mgller and Wolf (2021). They are interested in
the impulse responses, while for us they are simply a mean of getting an estimate of our model parameters.

- The paper is also related to the literature on:
* Estimation of DSGE models — Christiano et al. (2005), Smets and Wouters (2007) or Scalone (2018)
* Simulation studies of LP & VAR methods — Li, Plagborg-Mgller and Wolf (2021), Herbst and Johannsen (2020)
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A QUICK REFRESHER ON SMM
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A General Indirect Inference Exercise MEvI:
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- Suppose we have an economic model that takes the form:
Yt = M(}/t,1,Xt,Ut;®) for t=1,2,..., T

where {x,}tT:1 is a sequence of observed exogenous variables, {y,},T:1 is a sequence of endogenous
variables and {ut}tT:1 is a sequence of random errors.

* Requirement: being able to numerically simulate the model.

- Assume that we have another auxiliary model that captures, or summarizes, certain features of the data
by means of some estimated parameter vector f.

* Requirement: the number of parameters in the auxiliary model must be at least as large as the number of
parameters in the economic model (m > k).

- The goal is to choose the parameters of the economic model so that the observed data and the simulated
data look the same from the point of view of the auxiliary econometric model.

- The most common way to achieve this goal is by minimizing the quadratic distance between the two
vectors of estimated parameters, i.e.

A

© = argmin (f—4(©))' W (8- ()
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A MONTE-CARLO STUDY
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SETTING UP THE MONTE CARLO STUDY
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The Smets and Wouters Model MEvI:
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- The Supply Side = Production: capital + labor — int. good — final good

x A perfectly competitive firm combines intermediate goods to produce the final good in the economy.

% There is monopolistic competition in the intermediate goods market: each intermediate good is
produced by a single firm j.

% Each of these firms combine capital and labor to produce the differentiated goods. And total factor
productivity follows an AR(1).

- The Demand Side = Expenditures: cons. + investment + exogenous spending

x Consumption growth follows an Euler Equation which takes into account the existence of external
habit formation.

% Households rent capital services to firms and decide how much capital to accumulate given certain
adjustment costs associated to the degree of capital utilization.

x Exogenous spending has two components: government spending and an element related to
productivity.
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The Smets and Wouters Model Il MEvI:

INSTITUTE

- Sticky Prices:
* Firms are not allowed to change their prices unless they receive a random signal as in Calvo (1983).
+ Firms that do not receive this signal, link their prices to past inflation. In other words, there is
partial indexation.
- Sticky Wages:
* Households act as a price-setters in the labor market due to their differentiated labor types.
x Wages are set in a similar fashion to prices. There are a random wage-change signals and partial

indexation.

- Monetary Policy:

% The Central Bank sets short term interest rates according to a Taylor-type rule, in which the interest
rate depends on last period’s rate, inflation and the level and the growth rate of the output gap.

Model's Equations
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Following the footsteps of Smith (1993, J Appl. Econom.) EUI&=

INSTITUTE

- We solve and simulate the log-linearized version of the Smets and Wouters (2007) model to
obtain repeated samples of macroeconomic aggregates {x? f:1 that then we use to estimate
a subset of the parameters of the model, ®.

- We focus on the following 8 parameters:

x 0 . intertemporal elasticity of substitution * ¢ : investment adjustment cost parameter
+ h: habit parameter * Cw, Gp : Calvo adjustment probabilities
x 07 : elasticity of labor supply * Ly, lp : Degree of indexation to past inflation

- The remaining parameters are set at the estimated values from Smets and Wouters (2007).

- Hyper-parameter choices:
x Observed sample size, T = 300
* Number of “observed” time series, S = 100

x Simulated sample size, TS = 3,000 = 7= TS/T =10
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THE MOMENT GENERATING FUNCTIONS
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The Auxiliary Econometric Model MEv:
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- We focus on the estimated impulse responses of four variables:
* yp:output x I investment
x C¢ . consumption * hw; : hours worked

to one (or a selection) of three following shocks:

* €9 : total factor productivity (TFP) shock
« ¢J : fiscal policy (FP) shock
* ¢ : monetary policy (MP) shock

- The IRFs are estimated using the traditional VAR + Cholesky decomposition (SVAR - IRFs) or the more
recent Jorda (2005) approach which relies on Local Projections (LP - IRFs).

- In either case, the econometrician still needs to decide on at least two more things:
% The impulse response horizon, H. We set H = 20.
+ The number of lags, p. We set p = 4.

- As aresult of our choices, the economic model is overidentified m = 21 x 4 > 8 = k. Therefore, we need
a weighting matrix. We use the inverse of the variance-covariance matrix of the moments W = ¥~
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Local Projections (LP - IRFs) MEv:
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- Some notation:
x Let y; € {y;, ¢t iy, hw;} denote one of response variables of interest.
* Let X € {€9, s?, ¢} denote the innovation of one of the three aggregate shocks.

x Define the vector of controls wy = {%;, y;}.

- Then, consider for each horizon h = 0,1, 2, ..., H the linear projections:
~ ~ P /
Verh = tn+BaXe+ Y Oh Wiy + Cny (1)
(=1

where ¢y, ; is the projection residual and yup, B, {(5;,’15}?:1 are the projection coefficients.

- Definition. The LP - IRFs of j; with respect to X; is given by { B} n>¢ in the equation above.
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Structural Vector Autoregression (SVAR - IRFs) MEv:

INSTITUTE

- Consider the multivariate linear VAR(p) projection:

p
Wt =cCc+ ZA@W{_[+U1 2)
(=1
where u; is the projection residual and c, {Ag}§:1 are the projection coefficients.

- LetXy, =E [utu;] and define the Cholesky decomposition Y., = BB’ where B is lower triangular with
positive diagonal entries.

- Consider the corresponding recursive SVAR representation:
A(L)w; = c+ By (3)
where A(L) = I — Y, A/L" and 7 = B~"u;. Define the lag polynomial Yf_, C,L* = C(L) = A(L)~".

- Definition. The SVAR - IRFs of y; with respect to X; is given by {0y} 0 with 6, = Co. o nBe 1 Where {C,} and
B are defined above.
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Technology Shock: Estimated IRFs for S = 100, T = 300 AEUI&
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Technology Shock: Estimated IRFs for T° = 3,000 MEvI:
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Technology Shock: The Role of the Sample Size
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RESULTS
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The Local Projection Approach MEv:

INSTITUTE

Table 2: SMM estimates using LP - IRFs

o h g ¢ Gw G w dp
Technology shock, €7
Mean 135 0.79 266 573 0.67 059 048 0.16
Bias  0.08 -0.02 0.14 -0.58 -0.10 006 -0.05 -0.02
Stddev. 0.28 006 0.70 179 0.17 0.08 0.16 0.05
RMSE 029 006 071 189 0.19 010 017 0.06

Fiscal Policy, ¢

Mean 140 080 274 641 063 043 050 015
Bias 013 -001 022 010 -0.14 -0.10 -0.03 -0.03
Stddev. 0.14 0.3 068 184 012 012 017 005
RMSE 019 043 071 184 018 016 018 006

Monetary Policy, £{"

Mean 144 079 257 568 070 043 048 0.18
Bias  0.17 -0.02 0.05 -0.63 -0.06 -0.10 -0.06 -0.00
Stddev. 0.20 0.05 077 154 010 014 017 0.05
RMSE 026 0.05 077 166 012 017 018 0.05

Selected Responses to All Shocks
Mean 136 0.80 211 545 060 051 049 0.15
Bias 010 -0.01 -041 -0.86 -0.17 -0.02 -0.04 -0.02

Stddev. 0.26 0.06 073 138 017 012 016 0.05
RMSE 028 0.06 084 163 024 012 017 0.06

Definitions ~ VAR Results  Identification 20/37



Relative Performance Across Different Shocks MEv
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Relative Performance: Local Projections vs SVAR
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Overall Performance: Local Projections vs SVAR MEvI:

INSTITUTE

- The value of the loss function at the estimated parameters ©, which is given by:

A A , A
J(O) = (1506 0) —u(x)) W (1%(x6; ) — (x) ) @
is a good measure to assess the overall performance of the estimation.

x Note that we fixed the maximum number of iterations in the optimization algorithm to 5000 and
the tolerance for changes in © across consecutive iterations (‘TolX’) to 1e~4.

- We report below its average and its maximum value across all the S Monte Carlo draws.

Table 2: Overall performance (S = 100, p = 4, T = 300)

Local Projections Vector Autoregression
Avg. J(®) Max. J(®) Elapsed Time Avg. J(®) Max. J(®) Elapsed Time
Technology Shock 86.93 117.61 17.38 83.71 245.40 69.90
Fiscal Policy 88.02 127.94 21.63 83.62 250.59 68.03
Monetary Policy 89.68 123.26 20.31 82.69 210.79 68.42
Selected Responses 86.28 123.03 20.11 81.97 237.03 62.49
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ESTIMATION: EMPIRICAL APPLICATIONS
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Applying the Local Projection Approach with Real Data MEvI:

INSTITUTE

- We are interested in empirical estimates of the dynamic response of certain macroeconomic aggregates,
e.g. output, consumption, investment and hours worked, to empirically identified shocks, e.g.
technology, fiscal policy and monetary policy shocks, within Jorda’s (2005) local projection framework.

- Technology shocks:

+ We use Ramey’s (2016) estimates of the responses of real GDP, consumption, non-residential investment and
hours to an unanticipated TFP shock, measured as in Francis, Owyang, Roush, and DiCecio (2014) (FORD).

- Fiscal policy shocks:

+ We also use Ramey’s (2016) estimates of the responses of GDP, non-durables + services consumption and
non-residential investment to a government spending shock identified using Blanchard and Perotti's (2002)
method.

- Monetary policy shocks:

* (TBC) : We will use the estimates reported in Tenreyro and Thwaites (2016).
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TECHNOLOGY SHOCKS
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Estimation Strategy MEvI:

INSTITUTE

- Fitted Parameters. We try to identify the same eight parameters from the Monte Carlo study plus the
two parameters governing the TFP shock. That makes a total of 10 structural parameters,

Ot = {0c, h, 01, ¢, 8p, G tp, Lw, Pa, Ta}-
- Targeted Data Moments. We use the response of real GDP, consumption, non-residential investment

and hours to an unanticipated TFP shock as estimated in Ramey (2016). In particular, she specifies the
following local projection for each of the dependent variables:

Zgoh = ap+0p - shock t + ¢p(L)y;—1 + quadratic trend +&;, p (5)
This gives us 4 x 21 = 84 moments.
- Auxiliary Econometric Model. To obtain the model counterparts of our targeted moments, we simulate
the model T° = 300, 000 times and use the simulated paths for output, consumption, investment and

hours worked as well as the TFP shock to estimate equation (1), in which we set y; € {y;, ¢, i, hw;},
Xt = ¢ and p = 2. The coefficients {/Sh}%go are then our simulated moments.

- Note that eq. (1) is slightly different from eq. (5). However, we think this is not problematic because the
TFP series from the model is not subject to potential measurement error (which may lead endogeneity
issues), so no additional controls are really needed.
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Estimation Results AEv:E

- Bootstrapping. We repeat the estimation described above 100 times to get a
distribution over the structural parameter estimates.

Table 3: Technology Shocks - SMM using the LP approach

O h b ¢ & & Ty ip 02  0Oa
Median 1.57 0.80 3.15 3.79 0.87 032 0.66 0.21 1.00 0.20
5thpctl. 077 057 154 379 082 032 0.56 0.12 1.00 0.17
95thpetl. 157 0.85 3.15 4.56 095 032 0.66 021 1.00 0.24

* Note that the variation comes from the different draws of the shocks that we use to
simulate the Smets and Wouters model.

% Issue: we hit the upper bound for some parameters. When increasing the bounds,
Blanchard-Kahn conditions are not satisfied. Need to find what is the problematic
parameter combination.

- Overall performance. The mean J-statistic is 1.934, while its maximum value is 2.6325

across the 100 draws.
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Model Validation: Empirical vs. Model Estimated IRFs MEv
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FISCAL POLICY
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Estimation Strategy MEvI:

INSTITUTE

- Fitted Parameters. We try to identify the same eight parameters from the Monte Carlo study
plus the two parameters controlling the government spending shock. That makes a total of 10
structural parameters, ©g, = {c¢, h, 1, ,Cp, Cw. 1, tw, Pg, Tg }-

- Targeted Data Moments. Ramey (2016) uses the same local projection approach as in the TFP
shock case, with obviously different dependent variables and controls.

+x We match the response of GDP, non-durables + services consumption, non-residential
investment and hours worked to an unanticipated government spending shock.

x The total number of moments is 4 x 21 = 84.
- Auxiliary Econometric Model. We follow the same approach to estimate equation (1), in which

we still set y; € {y;, ¢t iy, hw;} and p = 2, but X; = s?. Hence, the vector of coefficients
{Bn %&0 coming from that regression are our simulated moments.
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Estimation Results MEvI:

INSTITUTE

- Bootstrapping. As for the technology shock we repeat the estimation described above
100 times to get a distribution over the structural parameter estimates.

Table 4: Fiscal Policy - SMM using the LP approach

¢ h 0y ¢ Cw ifp Tw Ip Og 0g
Median  1.57 090 1.51 7.89 0.93 0.66 053 0.20 0.75 0.33

S5thpctl. 1.01 048 151 379 046 032 032 010 052 0.20
95thpctl. 157 1.00 1.583 7.89 095 0466 0.66 0.21 1.00 0.39

- Overall performance. The mean value of the J-statistic is 3.036 while its maximum
value is 4.397. Therefore, there is still some room for improvement.
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Model Validation: Empirical vs. Estimated IRFs
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MONETARY POLICY (TBC)
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CONCLUDING REMARKS
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What We Find MEvI:

INSTITUTE

- The local projection approach to indirect inference can be a valid alternative for estimation of
the economic parameters of any economic model.

- However, the traditional VAR approach to indirect inference is superior, at least for the
particular application in this paper, i.e. the dgp being the Smets and Wouters (2007) model
with sample size T = 300.

x Misspecification is not an issue for indirect inference.

* SVAR consistently get it wrong, while LP is more sensible to different draws. In other words,
averaging out is more important for LPs that for VARs.

- When we test our local projection approach against real data, it does a good job and the model
is still able to pick up the response of selected macro aggregates to technology and fiscal
shocks.

* Some of our parameters estimates hit the bounds. Thus, the reported confidence intervals are
underestimated. Still need to do some more work here.

x Key estimated parameters differ from those obtained by Smets and Wouters (2007).
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Next steps MEvI:

INSTITUTE

1. Monte Carlo
% Indirect inference vs. IRFs matching
+ What are the implications of using different sample sizes { T, T°} and lag length p?

x Non-linear data generating process, e.g. DSGE model with a ZLB constraint.

2. Empirical Application
x Real world application using monetary policy shocks

* How to combine the information of the three shocks? Which responses to match?
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The Log-Linearized Equilibrium Conditions | MEv:
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- The aggregate resource constraint:
n=cylr+ fy7t +2zy2 + 8‘?
- The consumption Euler equation:

h/y

s Wi (06 — 1) 1—h/y 1—h/v »
T3 A/ Ot

AT (lt *IEtlt+1) AR/ (Ft = Etfteq) — T /e

ét = + ]Et&t+1 +

1
1+ h/y
- The investment Euler equation:

a 1 A ‘B’Ymigc) A
It =] +/3’)/(17‘7°> Ip—q + 1 +IB’}/(17”C)]E”H1 +

1 )
e — )
972 (1 + py ey I E
- The arbitrage equation for the value of capital:

8t =B(1 = 8)y " Etl1 — Fr+ Eedtper + (1= B(1 — 8)y ) Eebfy — &}
- The aggregate production function:

Py =0 (ocf(f +(1—a)h+ s?)
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The Log-Linearized Equilibrium Conditions Il MEv:
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- Capital services:

- Capital utilization:

- The accumulation of installed capital:

D)
r

ko + (1= (1= 0)/2)i+ (1= (1=6)/7)¢7% (14 g1 ¢}
- Cost minimization by firms implies that the price mark up:

ﬁ? = (i(f —7[) — Wt -‘rE?
- New Keynesian Phillips curve:

gy b (1-By1-92p) (1~ &)
Tt :ﬁ]&”tﬂ + )
+ 1ppyt e 14 Byli-ce

_ P
M T A 1y (T0) (14 (@ —1)ep) o !

p
+ &
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The Log-Linearized Equilibrium Conditions Il MEv:
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- Cost minimization by firms implies that the rental rate of capital:
=l + w — kg

- In the monopolistically competitive labor market, the wage mark-up

. N 5 1 . .
iy = w — oyl — m (& —h/vCi_1)
- Wage adjustment:
L ﬁf)/u—”c) Eoi Ef 1 . .
M= gy (EtWyst + Eiftyeq) + T (Wi_1 — tw#tr_1)
By (1= 02) (1~ &) Y el
1+ T (1 gy (0) (1 (Aw = Dew) e’

- Empirical monetary policy reaction function:
Fe=pta + (1 —p) (re e+ 1y (9t = 7)) + ray (0t = 95) — (1 — ¥i1)) + €

Back
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Fiscal Policy: Estimated IRFs for S = 100, T = 300
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Monetary Policy: Estimated IRFs for S = 100, T = 300
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Fiscal Policy: Estimated IRFs for TS = 3, 000
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Monetary Policy: Estimated IRFs for T = 3,000 AEv:E
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Fiscal Policy: The Role of the Sample Size MEv
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Monetary Policy: The Role of the Sample Size
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Monte Carlo Results: What do we report? nEUI

- Following Smith (1993), we compute for each of the estimated parameters §), € ©, the
following statistics:

Bias, = E [0,] — 0,
Std devy, = \/Var(6p)
MSE}/? = \/Bias? + Var(8j,)
where expectations are taken over the S Monte Carlo draws.

- In future work, it may be interesting to explore whether the bias-variance trade off
documented in Li, Plagborg-Mgller and Wolf (2021) for the parameters of our auxiliary models
(VAR or LP) is also present in the estimated structural parameters. For example, by means of
the following loss function:

Le (0, 0r) = w x (E [0 — 04])% + (1 — w) x Var (6)
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Monte Carlo Results: Vector Autoregression MEv

INSTITUTE

Table 3: SMM estimates using SVAR - IRFs

¢ h 07 ¢ § w rfp Iw ip
Technology shock, €7

Mean 124 081 259 678 0.7 052 045 0.15
Bias  -0.03 0.01 0.07 047 -010 -0.01 -0.09 -0.03
Stddev. 020 004 072 150 012 008 016 005
RMSE 021 004 073 157 016 0.08 018 0.06

Fiscal Policy, ¢

Mean 135 078 250 590 0.67 048 056 0.17
Bias 0.08 -003 -002 -041 -009 -005 002 -001
Stddev. 0.16 015 073 192 012 014 015 0.05
RMSE 018 016 073 196 015 015 016 005

Monetary Policy, £

Mean 129 080 257 570 0.9 037 053 017
Bias 0.02 -001 0.05 -0.62 -008 -0.16 -0.00 -0.00
Stddev. 025 005 072 132 009 008 016 005
RMSE 026 005 073 146 012 018 016 0.05

Selected Responses to All Shocks
Mean 125 081 214 559 060 051 049 0.16
Bias  -0.02 0.00 -0.38 -0.72 -0.17 -0.02 -0.04 -0.02

Stddev. 023 006 075 138 014 010 016 005
RMSE 023 006 084 156 022 010 017 0.06
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Moments’ Elasticities: Vector Autoregression IRFs MEv

INSTITUTE
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Moments’ Elasticities: Local Projection IRFs
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Technology Shock: What responses to match? MEv

INSTITUTE

Table B: Technology Shock - SMM using the LP approach

o6 h g ¢ & & w b  pg  0g
Matching the response of y;, ¢y, i, hw;
Median 157 0.80 3.15 3.79 087 032 0.66 021 1.00 0.20

S5thpctl. 077 057 154 379 082 032 056 012 1.00 0.17
95thpctl. 1.57 0.85 3.15 456 095 032 0.66 0.21 1.00 0.24

Matching the response of y;, ¢t, it

Median  1.64 081 151 379 083 032 0.9 022 100 0.24
5thpctl. 076 072 151 3.79 0.77 032 049 011 100 0.21
95thpctl. 1.64 0.85 3.28 817 099 035 0.69 0.22 1.00 0.27

Matching the response of ¢, iy, hwy

Median  1.64 082 3.28 379 089 032 0.69 0.22 1.00 0.20
S5thpctl. 0.78 0.64 256 379 0.83 032 0463 011 1.00 0.13
95thpctl. 1.64 087 328 820 099 032 0469 022 1.00 0.23
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Technology Shock: Output, Consumption and Investment [AEUIE:
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Real GDP Consumption Investment

“o 5 10 15 20 4 5 10 15 20 ) 5 10 15 20

- The average and maximum value for the J-statistic are 1.433 and 2.102, respectively.
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Technology Shock: Consumption, Investment and Hours ~ fAEUI&

INSTITUTE

Consumption Investment Hours Worked

0 B 10 15 20 0 B 10 15 20 0 B 10 15 20
Time (quarters) Time (quarters) Time (quarters)

- The average and maximum value for the J-statistic are 1.591 and 2.327, respectively.
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Fiscal Policy: What responses to match? MEv

INSTITUTE

Table C: Fiscal Policy - SMM using the LP approach

Oc h o] ¢ v & w b pg 0g
Matching the response of y;, ¢, iy, hw;
Median  1.57 090 151 7.89 093 0.66 0.53 020 0.75 0.33
S5thpctl. 101 048 1.51 379 046 032 032 0.10 0.52 0.20
95thpcetl. 1.57 1.00 153 7.89 0.95 066 0.66 0.21 1.00 0.39

Matching the response of y;, ¢t, it

Median  1.57 086 151 7.89 093 066 036 0.19 0.78 040
S5thpctl. 099 048 151 449 046 032 032 010 060 0.24
95thpctl. 1.57 1.00 1.52 7.89 095 066 0.66 0.21 1.00 0.44

Matching the response of ¢, iy, hwy

Median  1.57 093 151 7.88 081 055 0.3 0.16 049 0.34
S5thpctl. 0.88 048 151 379 046 032 032 010 0.19 0.00
95thpctl.  1.57 100 3.15 789 095 066 066 021 098 042
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Fiscal Policy: Output, Consumption and Investment MEv
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Output Consumption Investment
T T 0.5 T T T 0.2 T T

“o 5 10 15 20 “o 5 10 15 20 "o 5 10 15 20
Time (quarters) Time (quarters) Time (quarters)

- The average and maximum value for the J-statistic are 1.733 and 3.046, respectively.
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Fiscal Policy: Consumption, Investment and Hours MEvI:
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Consumption Investment

Hours Worked

0 B 10 15 20 0 B 10 15 20 0 B 10 15 20
Time (quarters) Time (quarters) Time (quarters)

- The average and maximum value for the J-statistic are 1.594 and 2.205, respectively.
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