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A Data

We collect quarterly data that are seasonally adjusted with the exception of the interest

rates. Data that are sampled at higher frequency are aggregated to quarterly frequency.

All data sources are publicly available, either from offi cial sources, data providers or freely

available on the web.

A.1 United States

The quarterly seasonally adjusted series for real GDP (“GDPC1: Real Gross Domestic

Product, Billions of Chained 2012 Dollars, Quarterly, Seasonally Adjusted Annual Rate”)

and the GDP deflator (“GDPCTPI: Gross Domestic Product: Chain-type Price Index”)

are from the Bureau of Economic Analysis. We compute inflation as the log-difference of

the GDP deflator.

The seasonally adjusted series for real chain-weighted investment and real chain-weighted

consumption of non-durables and services are computed based on the data found in Tables

1.1.6, 1.1.6B, 1.1.6C, and 1.1.6D of the United States National Income and Product Ac-

counts. Real consumption includes non-durables and services, while real investment is

computed by chain-weighting the respective series for durable goods; private investment in

structures, equipment, and residential investment; Federal national defense and non-defense

gross investment; and state and local gross investment. Both series are available at quarterly

frequency.

Quarterly seasonally adjusted series for hours worked by all persons in the nonfarm busi-

ness sector (“HOANBS: Nonfarm Business Sector: Hours of All Persons, Index 2009=100”),

and employment in the nonfarm business sector (“PRS85006013: Nonfarm Business Sec-

tor: Employment, Index 2009=100”) are from the Bureau of Labor Statistics. A quarterly

seasonally unadjusted series for population (“B230RC0Q173SBEA: Population, thousands,

quarterly, not seasonally adjusted”) is obtained from the Bureau of Economic Analysis.

Monthly series for the civilian labor force (“CLF16OV”), the civilian unemployment

rate (“UNRATE”), and the unemployment level (“UNEMPLOY”) are from the Bureau of

Labor Statistics publication Employment Situation. The series are converted to quarterly

frequency by taking averages within the quarter.

We obtain a monthly series for the 10-year government bond yield (“GS10: 10-Year

Treasury Constant Maturity Rate”) from the Board of Governors of the Federal Reserve

System. A monthly series for the Wu and Xia (2016) “shadow rate”is from Cynthia Wu’s

website: https://sites.google.com/view/jingcynthiawu. Both the Wu-Xia “shadow rate”
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and the 10-year government bond yield are converted to quarterly frequency by taking

averages within the quarter.

A.2 United Kingdom

Quarterly seasonally adjusted series for nominal GDP (“YBHA: Gross Domestic Product at

market prices, Current price, Seasonally adjusted £m’), real GDP (“ABMI: Gross Domestic

Product, £ million at chained volume measures”), real consumption (“ABJR: Household

final consumption expenditure, £ million at chained volume measures”), real investment

(“NPQT: Total gross fixed capital formation, £ million at chained volume measures”), and

real government expenditure (“NMRY: General Government, Final consumption expendi-

ture, £ million at chained volume measures”) are all from the U.K. Offi ce for National

Statistics. The series for the GDP deflator is computed as the ratio between nominal and

real GDP.

A quarterly seasonally adjusted series for total hours worked and a quarterly seasonally

unadjusted series for population are from the latest version (updated to 2016Q4) of the

Ohanian and Raffo (2012) dataset.

Monthly series for a short rate (“Spliced series for Treasury bill allotment rate/discount

rate at the weekly tender”) and a long rate (“Spliced 10-year yield”) are from “A millen-

nium of macroeconomic data for the UK: The Bank of England’s collection of historical

macroeconomic and financial statistics, Version 3 - finalized 30 April 2017”, which is avail-

able from the Bank of England’s website. A monthly series for the Wu-Xia “shadow rate”is

from Cynthia Wu’s website. All original monthly series are converted to quarterly frequency

by taking averages within the quarter.

A.3 Euro Area

All Euro Area data are obtained from the European Central Bank. As before, a monthly

series for the Wu-Xia “shadow rate”is downloaded from Cynthia Wu’s website. The shadow

rate is converted to quarterly frequency by taking averages within the quarter.

B Computing the Structural Impact Matrix A0

We compute the structural impact matrix A0 based on the methodology proposed by Arias

et al. (2018) for combining zero and sign restrictions when a researcher has to draw from

the posterior distribution of the VECM’s reduced-form parameters.
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Specifically, let Bj0, B
j
1, ..., B

j
p, βj , αj , and Ωj be the j-th draw from the posterior

distribution for the intercept, the VAR matrices, the matrix of the cointegration vectors,

the matrix of the loadings, and the covariance matrix of reduced-form innovations of the

VECM:

∆Yt = B0 +B1∆Yt−1 + ...+Bp∆Yt−p + αβ′Yt−1 + ut, for j = 1, 2, 3, ..., J.

Let PjDjP ′j be the eigenvalue-eigenvector decomposition of Ωj . We start by computing an

initial estimate of Aj0, labelled Ã
j
0, as Ã

j
0 = PjD

1
2
j with the corresponding matrix of long-run

impacts of the structural shocks L̃j .

Based on the Gibbs-sampling algorithm described in section 3.6.3 of Arias et al. (2014),

we then draw Z random orthonormal matrices of dimension N ×N from a uniform distri-

bution. N is the number of series in the VECM, conditional on the zero restrictions on the

long-run impacts of the structural shocks on GDP. That is, two shocks are allowed to have

a non-zero long-run impact on GDP, whereas the remaining five shocks are forced to have

no long-run impact.

Let Qjz, z = 1, 2, 3, ..., Z, be the z-th random orthonormal matrix, with Qjz(Q
j
z)′ = IK .

We combine each of the Z random orthonormal matrices with the initial estimate of the

long-run impact of the structural shocks, L̃j , to obtain a randomly rotated long-run impact

matrix, Lzj = L̃jQ
n
j . By construction, each L

z
j , z = 1, 2, 3, ..., Z, satisfies the zero long-run

restrictions. We then obtain the corresponding candidate estimate of the structural impact

matrix, Az0,j from Ljn.

Finally, we check whether Az0,j and the associated impulse-response functions up to

horizon H satisfy the sign restrictions discussed in section 2.3. Out of the Z candidate

structural impact matrices we only keep those satisfying the sign restrictions for each draw

j. For each draw from the posterior we consider 100 random rotation matrices. Finally, we

set the number of Gibbs-sampling iterations in the algorithm to L = 10.1

C Additional Tables and Figures

1As pointed out by Arias et al. (2018), “[t]here is also the question of how large L should be to obtain con-
vergence. Experiments show that for the starting value given below, even L = 1 gives a good approximation
of the desired distribution. In practice, increasing values of L can be used to determine when convergence
has occurred.”Our own experience with the algorithm confirms this. Although we set L = 10, convergence
is typically achieved at most at the second iteration.
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