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Introduction

Empirical DSGE models have a strong degree of theoretical structure
in place which makes them attractive as a ”workshop” for policy
experiments and evaluation.

The work-horse of stylized new-Keynesian DSGE models was
developed by Smets and Wouters (2003, 2007)

In recent years much work has been done in introducing heterogeneity
into DSGE models.
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Introduction

Most heterogeneity in DSGE models is introduced at the agent level.

Heterogeneous sectors (Edge et al. 2008)
Heterogeneous households (Iacoviello and Neri, 2010)
Heterogeneous expectations (Slobodyan and Wouters 2012)
Heterogeneous countries in a currency union (Gilchrist 2015, Kollmann
et al. 2015, Angelni et al 2015, & Soares 2008 )

I wish to explore what can be learned from a model with
heterogeneous regions inside a country with central monetary and
fiscal authorities and an aggregate financial market.
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Methods

Using the framework from the FRBNY DSGE model (Del Negro et al.
2013) I build a model with n exogenous regions who are bonded
together by a financial market, monetary policy and fiscal policy.

Together the n regions make up aggregate variables which determine
the dynamics of monetary policy and the financial markets.

I use a combination of state level, census region and national level
data to estimate the regional DSGE model with 4 census regions.
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Findings

I find significant heterogeneity amongst the regional structural
parameters of the model.

I find that monetary and financial shocks have a greater economic
impact on output and investment in the Midwestern and Southern
census regions.

I find that regional volatility is mostly attributed to regional shocks,
while aggregate volatility is equally attributed among the four census
regions and national shocks.

I find that the Great Recession is best explained by the combination
of negative financial shocks and negative midwest demand and
productivity shocks.
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FRBNY DSGE Model

Has standard evolutions of Consumption, Investment, Output,
Inflation, Wages and Labor as outlined by Smets & Wouters (2007)
New Keynesian model.

Embeds financial frictions (along the lines of Bernanke, Gertler,
Gilcrhist (1999)) into the standard Smets & Wouters model.

Financial frictions imposed by the introduction of entrepreneurs and
default risk.
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Regional DSGE Model

The model is constructed around a centralized monetary authority
and financial market with regional goods, labor and capital markets.

The regional economies are than weighted by relative size to
determine the aggregate values of the national “macroeconomy”

Since the micro-foundations and optimization objectives are identical
across n regions Each region of the model consists of linearized
equations that only differ in their structural parameter values.

For Example there will be n New Keynesian Phillips curves that differ
only in their estimated parameters.
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Regional DSGE Model

The national monetary authority only responds to fluctuations in
aggregate output and aggregate inflation in a Taylor-rule like fashion.
Both aggregate output and inflation are determined endogenously by
the regional economies.

National fiscal policy is exogenous and is proportionately distributed
across the n regions in the form of output.
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Regional DSGE Model

The model incorporates anticipated monetary policy shocks to ensure
that the zero lower bound is obeyed in the same way the FRBNY
DSGE model does.

Anticipated monetary shocks are estimated using futures of the
federal funds rate for the next 6 quarters.

R̂t = ρR̂t−1 + (1− ρ)
[
rπ1 π̂

Nat
t + ry1Ŷ

Nat
t + rπ2 π̂

Nat
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Regional DSGE Model

The financial market is identical to the financial market in the
FRBNY model. Entrepreneurs buy and finance the aggregate capital
stock every period and are subject to national risk shocks.

For simplification I assume that the entrepreneurs are completely risk
neutral and buy weighted shares of the regional capital stock in
steady state.

This ensures that risk (Financial) shocks will not effect a regions
capital stock disproportionately at steady state. However,
heterogeneity in structural parameters amongst the regions will cause
distinctive regional dynamics from a financial shock.
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Regional DSGE Model

Aggregate variables are assumed to equal the weighted average of the
respected regional variables for regions i = {1, 2, ...n}

Ŷ National
t =

n∑
i=1

ηi Ŷ i
t

π̂Nationalt =
n∑

i=1

ηi π̂it

K̂National
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n∑
i=1

ηi K̂ i
t
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Regional DSGE Model

In the model there are 5 independent regional shocks for each region

Productivity, Investment, Preference, Wage and Price Mark-up shocks

In the model there there are 4 types of national shocks

Finance (risk shock), Government, Unexpected and Expected Monetary
shocks

In all there are 5n + 7 exogenous shocks that effect the Regional
DSGE model
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FRBNY vs Regional model with Homogeneous Regions

The regional model with homogeneous regions is completely nested
inside the FRBNY model
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FRBNY vs Regional model with Homogeneous Regions

We see that an investment shock to both regions acts just like an
investment shock in the FRBNY model. However, an investment
shock to region 1 has a negative impact on region 2 but still a
positive impact at the national level.

Why?
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FRBNY vs Regional model with Homogeneous Regions
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Estimation

Proposal: Estimate the Regional DSGE model using heterogeneous
regions of the United States

I chose to estimate the model using the four census regions of the
United States

Census region inflation data is the most disaggregate data available
State level data can be used to aggregate up to the census region

I chose to estimate the model for the time period of 1998Q1-2017Q2

State level data for consumption and wages is not available until 1998
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Census Regions
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Data Sets

At the census region, using state level data, I construct census region
data on Real Consumption per capita, Real Personal Income per
capita, Employment per capita, and labor share of total income.

I use census region CPI as a measure of regional inflation and use
regional CPI to convert nominal regional variables to real regional
variables.

At the national level I use Real Investment and Consumption per
capita as well as aggregate hours worked per capita, the federal funds
rate and the spread between BAA bonds and 10 year treasuries.
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Data
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Estimation Procedure

The estimated model has a large number of structural parameters and
a likelihood with many peaks and cliffs

As a result I first search for each regions structural parameters that
maximize the FRBNY model as if they were the only region in the
nation.

I then use these regional structural parameters and the average of the
“national” structural parameters to search for the mode and Hessian
matrix of the Regional DSGE model

I also employ an adaptive Metropolis Algorithm (Shaby and Wells
2010) to ensure that the algorithm does not get stuck on a cliff.
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Priors

Prior for the proportional size of each region (η)

Distribution Lowe Bound Upper Bound

Northeast Uniform .185 .215
South Uniform .335 .365
Midwest Uniform .205 .235
West .185 .275

All other structural priors are in accordance to the FRBNY model
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IRFs

Finance Shock Monetary Shock
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IRFs

NE Productivity Shock NE Investment Shock
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Output FEVD contributed by region

FEVD One Quarter Ahead

NE S MW W National

National 3.2 6.3 16.7 5.1 68.7
Northeast 59.1 4.6 3.7 0.6 32
South 0.9 44 14.1 1.2 39.6
Midwest 0.3 9.8 70.7 0.4 18.9
West 0.5 5.1 3.4 59.3 31.8
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Output FEVD contributed by region

FEVD Four Quarters Ahead

NE S MW W National

National 4.1 9.4 37.2 6.6 42.6
Northeast 71.9 7.5 7.3 1.1 12.1
South 1.7 59.3 23.8 2.3 13
Midwest 0.6 10.9 80.7 0.7 7.1
West 1 9.8 7.6 68.4 13.3
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Output FEVD contributed by region

Unconditional FEVD

NE S MW W National

National 7.9 24.2 33.7 9.4 24.8
Northeast 58.1 11 21.6 2.2 7
South 2.2 58.1 24.9 3.4 11.4
Midwest 1.5 11 79.9 2.9 4.8
West 1.4 13.6 20.1 58.6 6.3
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Historical Decomposition of National Output
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Heterogenous Parameters

Sacha Gelfer 28 / 29



Future Extensions

Correlated productivity shocks

Welfare effects of monetary policy reacting to regional fluctuations

Benigno 2004 - Showed how in a two region model conducting
monetary policy in accordance to a regions nominal rigidity was
optimal.
Repeat Welfare experiment in my Regional DSGE model
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