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FRED-QD: A Quarterly Database  
for Macroeconomic Research

Michael W. McCracken and Serena Ng 

1 INTRODUCTION
In our previous work, McCracken and Ng (2016), we describe and investigate a monthly 

frequency database of macroeconomic variables called FRED-MD. At some level, FRED-MD 
is not particularly innovative. It is, after all, just a collection of N = 128 standard U.S. macro-
economic time series that date back to January 1959 and have primarily been taken from 
FRED®, the data service maintained by the Federal Reserve Bank of St. Louis, and organized 
into a .csv file. That description, however, misses the point. Our main goal was to facilitate easy 
access to a standardized example of a data-rich environment that can be used for academic 

In this article, we present and describe FRED-QD, a large, quarterly frequency macroeconomic 
database that is currently available and regularly updated at https://research.stlouisfed.org/econ/
mccracken/fred-databases/. The data provided are closely modeled to that used in Stock and Watson 
(2012a). As in our previous work on FRED-MD (McCracken and Ng, 2016), which is at a monthly 
frequency, our goal is simply to provide a publicly available source of macroeconomic “big data” that is 
updated in real time using the FRED® data service. We show that factors extracted from the FRED-QD 
dataset exhibit similar behavior to those extracted from the original Stock and Watson dataset. The 
dominant factors are shown to be insensitive to outliers, but outliers do affect the relative influence 
of the series, as indicated by leverage scores. We then investigate the role unit root tests play in the 
choice of transformation codes, with an emphasis on identifying instances in which the unit root-based 
codes differ from those already used in the literature. Finally, we show that factors extracted from 
our dataset are useful for forecasting a range of macroeconomic series and that the choice of trans-
formation codes can contribute substantially to the accuracy of these forecasts. (JEL C30, C33, C82)

Federal Reserve Bank of St. Louis Review, First Quarter 2021, 103(1), pp. 1-44. 
https://doi.org/10.20955/r.103.1-44
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research. By automating this dataset, and maintaining a website that provides monthly fre-
quency vintages, those who are interested in conducting research on big data can focus on 
the statistical problems associated with big data rather than having to put the dataset together 
themselves. This dataset frees the practitioner from dealing with issues related to, for example, 
updating the dataset when new data is released, managing series that become discontinued, 
and splicing series from different sources. More prosaically, FRED-MD facilitates comparison 
of methodologies developed for a common purpose.

FRED-MD has been successful. It has been used as a foil for applying big data methods 
including random subspace methods (Boot and Nibbering, 2019), sufficient dimension reduction 
(Barbarino and Bura, 2017), dynamic factor models (Stock and Watson, 2016), large Bayesian 
VARs (Giannone, Lenza, and Primiceri, 2018), various lasso-type regressions (Smeekes and 
Wijler, 2018), functional principal components, (Hu and Park, 2017), complete subset regres-
sion (Kotchoni, Leroux, and Stevanovich, 2019), and random forests (Medeiros et al., 2019). 
In addition, these various methods have been used to study a wide variety of economic and 
financial topics including bond risk premia (Bauer and Hamilton, 2017), the presence of real 
and financial tail risk (Nicolò and Lucchetta, 2016), liquidity shocks (Ellington, Florackis, and 
Milas, 2017), recession forecasting (Davig and Hall, 2019), identification of uncertainty shocks 
(Angelini et al., 2019), and identification of monetary policy shocks (Miranda-Agrippino and 
Ricco, 2017). Finally, and perhaps most rewarding, is that it is described as the inspiration to 
the development of a Canadian version of FRED-MD (Fortin-Gagnon et al., 2018).

While useful, FRED-MD has a glaring weakness. It does not include quarterly frequency 
data and thus does not provide information on gross domestic product (GDP), consumption, 
investment, government spending, or other macroeconomic series that come from the 
National Income and Product Accounts (NIPA). This is unfortunate because there are plenty 
of examples in the literature in which a quarterly frequency, data-rich environment is used 
for economic analysis. Examples include Stock and Watson (2012a,b), Schumacher and 
Breitung (2008), Gefang, Koop, and Poon (2019), Rossi and Sekhposyan (2015), Gonçalves, 
Perron, and Djogbenou (2017), Carrasco and Rossi (2016), Koopman and Mesters (2017), 
and Koop (2013).

In this article, we extend our previous work to a quarterly frequency dataset we call 
FRED-QD. The dataset is currently available at https://research.stlouisfed.org/econ/
mccracken/fred-databases/. Like FRED-MD, FRED-QD is benchmarked to previous work 
by Stock and Watson (2012a, hereafter S&W). There, the authors organized a collection of 
N = 200 quarterly frequency macroeconomic series dating back to 1959:Q1 that they then used 
to analyze the dynamics of the Great Recession. Our quarterly frequency version of their data-
set contains nearly all the series they used but, in addition, includes 48 more series, with an 
emphasis on including series related to non-household balance sheets. In total, the dataset 
consists of N = 248 quarterly frequency series dating back to 1959:Q1.1 While many of the 
series are actually quarterly series, some are higher-frequency series that have been aggregated 
up to the quarterly frequency—typically as quarterly averages of monthly series.

It’s worth noting that we provide the data in levels—without transforming them in any 
way. As such, some are stationary in levels, while others likely need to be transformed by taking 

https://research.stlouisfed.org/econ/mccracken/fred-databases/
https://research.stlouisfed.org/econ/mccracken/fred-databases/
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logs, differencing, or both to reasonably be considered stationary. For each series we provide 
benchmark transformation codes. If the series was in the S&W dataset, we provide the trans-
formation codes. For the additional series, many are taken from FRED-MD and we therefore 
provide those benchmark transformation codes. One reason to do this is to facilitate replica-
tion of the factor analysis provided in S&W as well as other results that may have used a similar 
dataset. Even so, given the well-documented changes in volatility and persistence of macro-
economic series described in Campbell (2007) and Stock and Watson (2007), it may be a good 
idea to reconsider the default transformation codes. After providing more details on the data, 
we investigate this possibility through the lens of unit root tests. While it is often the case that 
the unit root tests align with the original transformation codes, the tests are not uniformly 
supportive.

We then investigate whether factors extracted from FRED-QD are useful for forecasting 
macroeconomic aggregates. In particular, we focus on whether the unit root-implied trans-
formation codes matter for factor-based forecasting.2 Among the series that we forecast, we 
find that for real and financial series, factors estimated using the unit root-based transforma-
tion codes can provide additional predictive content but are more often dominated by those 
using the original transformation codes. In contrast, we find that when forecasting nominal 
price series, forecast accuracy is typically better when using factors estimated using the unit 
root-based codes. This result coincides with evidence provided by Medeiros et al. (2019) and 
Goulet Coulombe et al. (2019), who find that treating price inflation as I(0) leads to better 
forecasts of inflation than treating it as I(1)—which is precisely what the benchmark trans-
formation codes recommend.

The remainder of the article proceeds as follows. Section 2 provides a more detailed 
description of the series in FRED-QD as well as choices that were made when putting them 
together. Section 3 presents a brief analysis of the behavior of factors extracted from our 
dataset, with an emphasis on their relationship with factors extracted from the original S&W 
dataset. Section 4 constructs statistical leverage scores as a means of identifying which series 
and data points have the greatest influence on the factors. Section 5 provides a detailed inves-
tigation of the degree to which unit root tests agree with the benchmark transformation codes. 
Section 6 investigates the degree to which factors are useful for forecasting, with particular 
attention to whether the unit root determined transformation codes improve the accuracy of 
the forecasts relative to the original codes. Section 7 concludes. A detailed list of the series is 
provided in the appendix.

2 FRED-QD
As with FRED-MD, the goal of FRED-QD is to provide a readily accessible, easy-to-use 

macroeconomic database that can form the basis of research on big data. To do so, we make 
the dataset publicly available at the same website as FRED-MD so that anyone can have access. 
Importantly, a new vintage of the dataset is created on the last business day of each month. 
This means that at the end of each month, (i) the most recent data releases have been added, 
(ii) revisions to the series in previous quarters have been taken on board, and (iii) institutional 
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changes to existing series, periodically made by the statistical agencies, have been appropriately 
accounted for (e.g., a substitute series is found for a discontinued series).

Based on feedback we received for the FRED-MD project, the most recent vintage is always 
given a hotlink denoted “current.” This allows the user to include that link within their code 
and thus always have access to the most recent vintage without having to go to the website 
manually and download the file. Previous vintages of the dataset are retained on the website. 
By retaining the older vintages, we facilitate replication of other research that has used 
FRED-QD. For example, if a researcher develops a new statistical method for working with 
big data and wants to compare their results with that from an existing paper, one can go back 
and find the exact vintage of FRED-QD used in that paper so that differences in results can 
be attributed to the method rather than the dataset.

On the website, we also provide a “Changes to FRED-QD” file that keeps a running tally 
of modifications that have occurred across the history of FRED-QD. For example, when 
creating the September 2018 vintage of FRED-QD, three non-household balance sheet series 
were discontinued and replaced with comparable series. This event, and the subsequent changes 
in mnemonics, was documented in the changes file. It’s worth noting that changes can also 
arise due to issues not associated with statistical agencies. For example, legal issues regarding 
FRED®’s ability to post a given series, or to do so only with a substantial delay, sometimes arise. 
Examples of such are provided in the “Changes to FRED-MD” file, and one can expect similar 
issues to ultimately arise in FRED-QD.

With these issues in mind, FRED-QD consists of 248 quarterly series. A full list of the 
data is given in the appendix. FRED-QD seeks to keep roughly the same coverage as the S&W 
dataset while allowing the experts at FRED® to handle data revisions and definitional changes. 
The series are classified into 14 groups: NIPA; Industrial Production; Employment and 
Unemployment; Housing; Inventories, Orders, and Sales; Prices; Earnings and Productivity; 
Interest Rates; Money and Credit; Household Balance Sheets; Exchange Rates; Other; Stock 
Markets; and Non-Household Balance Sheets. These groups are similar to, but not the same 
as, those used in S&W. The original groups included (i) Housing Starts, (ii) Housing Prices, 
and (iii) Stock Prices, Wealth, & Household Balance Sheets, which we have rearranged to 
form the Housing, Household Balance Sheets, and Stock Markets groups. In addition, Non-
Household Balance Sheets is a completely new group. These series were added as a reaction 
to the Financial Crisis of 07-09, during which financial balance sheets played a large role in 
initiating the crisis and exacerbating the recovery. As such, they could be useful in applications 
in which FRED-QD is used for business cycle analysis.

Of the 248 series, 70 series were not trivially accessed from FRED® and needed some kind 
of massaging prior to being comparable to the corresponding series in S&W. A large portion 
of those that needed massaging were simply a matter of making nominal series real using a 
deflator. For each of these series, this procedure is explained in the appendix. For the remain-
ing modified series, a summary of the changes is provided in Table 1. For clarity, all series 
that required some form of modification are tagged with an “x” to indicate that the variable 
has been adjusted and thus differs from the original series from the source.



McCracken and Ng

Federal Reserve Bank of St. Louis REVIEW First Quarter 2021      5

Table 1
Series Adjusted by FRED-QD

Number Variable Adjustment

60 Unemployment rate (<27 weeks) (UNEMPLOY - UEMP27OV)/CLF16OV 

61 Unemployment rate (>27 weeks) UEMP27OV/CLF16OV 

80 Help-wanted index Splice LMJVTTUVUSM647S with Barnichon (2010) series 

88 Real manu. and trade 
(i) Adjust M0602BUSM144NNBR for inflation using PCEPI
(ii) Seasonal adjust with ARIMA X12
(iii) Splice with NAICS series CMRMTSPL

89 Retail/food sales Splice SIC series RETAIL with NAICS series RSAFS 

90 New orders (durables) Splice SIC series AMDMNO and NAICS series DGORDER 

92 Unfilled orders (durables) Splice SIC series AMDMUO and NAICS series AMDMUO 

93 New orders (nondefense) Splice SIC series ANDENO and NAICS series ANDENO 

130 Crude Oil Splice OILPRICE with MCOILWTICO 

153 30yr mortgage to 10yr Treasury MRTG - GS10 

154 6mth T-bill - 3mth T-bill TB6M - TB3M 

155 1yr Treasury - 3mth T-bill GS1 - TB3M 

156 10yr Treasury - 3mth T-bill GS10 - TB3M 

157 3mth Commercial - 3mth T-bill CPF3M - TB3M 

172 Household/Nonprof liab to income TLBSHNO/PI 

174 Household/Nonprof networth to income TNWBSHNO/PI 

178 S&P 100 Volatility: VXO Splice Bloom (2009) series with VXOCLS 

184 Switzerland/U.S. FX Filled back to 1959 from Banking/Monetary statistics 

185 Japan/U.S. FX Filled back to 1959 from Banking/Monetary statistics 

186 U.K./U.S. FX Filled back to 1959 from Banking/Monetary statistics 

187 Cdn/U.S. FX Filled back to 1959 from Banking/Monetary statistics 

188 Consumer sentiment Splice UMSCENT1 with UMSCENT 

220 Help wanted to unemployed HWI/UNEMPLOY 

221 Initial claims Splice monthly series M08297USM548NNBR with weekly ICSA 

222 Business inventories Splice SIC series and NAICS series BUSINV 

223 Inventory to sales Splice SIC series and NAICS series ISRATIO 

224 Consumer credit to P.I. NONREVSL/PI 

235 Business liabilities to income TLBSNNCB/BDI 

238 Business net worth to income TNWMVBSNNCB/BDI 

240 NonCorp busi. liabilities to income TLBSNNB/BDI 

243 NonCorp busi. net worth to income TNWBSNNB/BDI 

244 Business income (CNCF - FCTAX)/IPDPS 
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When producing each vintage of the dataset, an additional quarterly observation is 
added only after the first calendar month of the current quarter, which typically means once 
the first NIPA data, associated with the previous calendar quarter, are released. For example, 
the January, February, and March 2019 vintages of FRED-QD report quarterly data associated 
with 2018:Q4 but no data associated with 2019:Q1. The first vintage that contains any 2019:Q1 
data is the April 2019 vintage. Within a calendar quarter, the existing quarterly values can be 
revised due to monthly frequency revisions of quarterly series such as GDP or monthly frequency 
series such as retail sales.

Due to data availability and the timing of data releases, FRED-QD is not a balanced panel. 
As we noted above, we introduce a new calendar quarter to the panel one month into the fol-
lowing quarter. In this vintage, any series that is released with more than a one-month lag is 
treated as missing (e.g., series associated with the Productivity and Costs release by the Bureau 
of Labor Statistics). In the following vintage, any series that is released with more than a two-
month lag is treated as missing (e.g., series associated with the Financial Accounts of the United 
States [Z.1] data release by the Board of Governors of the Federal Reserve System). In the final 
vintage for that calendar quarter, all series have typically been released and there are no missing 
values.3 As an example, the vintages for July, August, and September 2019 were missing 41, 18, 
and 0 observations associated with 2019:Q2, respectively. Another, less-regular reason for 
missing observations arises during government shutdowns. For example, U.S. statistical agen-
cies were closed from December 22, 2018, through January 25, 2019. Because this led to delays 
in the release of many series, the January 2019 vintage of FRED-QD, which typically would be 
missing 40 or so observations associated with 2018:Q4 data, is instead missing 87 observations.

All but 38 series are available starting in 1959:Q1. There are a variety of reasons for series 
to have missing observations at the beginning of the sample: (i) Some series, such as Housing 
Permits, simply didn’t exist in 1959:Q1 and only became available in 1960:Q1. (ii) Similarly, 
the Michigan Survey of Consumer Sentiment is missing two observation at the beginning of 
the sample because the survey was not conducted on a regular basis until 1959:Q1. (iii) For 
other series such as the Trade-weighted Exchange Rate, the series is available in FRED® only 
through 1973:Q1 and we have not found other documented sources with which to splice the 
series. (iv) Finally, FRED® primarily holds North American Industry Classification System 
(NAICS) data (though some older Standard Industrial Classification [SIC] data exist and are 
used whenever possible) from the Census Manufacturers Survey, and hence a few Value of 
Manufacturers’ Orders components like Nondefense Capital Goods and especially Consumer 
Goods have a limited history.

In many applications of big data, it is expected that the series are stationary. Since it is 
clear that not all of the series in FRED-QD are stationary in levels, we also provide benchmark 
transformation codes that are intended to transform the series so that they are stationary. In 
each instance, a decision is made to treat the series in levels or log levels, and then, based on 
whether that series is considered I(0), I(1), or I(2), the variable is differenced to the appropri-
ate degree. For a given series x, these codes take the following forms: (i) no transformation; 
(ii) Δxt ; (iii) Δ2xt ; (iv) log(xt); (v) Δlog(xt); (vi) Δ2log(xt); and (vii) Δ(xt/xt–1–1.0). For most of 
the series, these codes are the original transformations used by S&W. For series that we’ve 
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added, many are monthly series taken from FRED-MD that we have aggregated to a quarterly 
frequency. For these series, we use the benchmark transformation codes reported in FRED-MD. 
Finally, we also provide an indicator that identifies those series in FRED-QD that were used 
by S&W to estimate factors. This allows the user to focus on those series in the original S&W 
dataset if the additional series in FRED-QD are deemed extraneous for a particular application.

3 FACTOR ESTIMATES
In this section, we provide an analysis of principal component analysis (PCA)-based fac-

tors extracted from FRED-QD. Principal components remain a simple way of transforming 
the information content in a large number of series into a smaller number of manageable series. 
Once the components have been extracted, they have been used for many purposes, including 
recession dating (Stock and Watson, 2016), forecasting (Boivin and Ng, 2005), measuring 
uncertainty (Jurado, Ludvigson, and Ng, 2015), and evaluating monetary policy (Bernanke 
and Boivin, 2003). Under certain assumptions, principal components provide consistent 
estimates of common factors and we will use the two terms interchangeably. We are mainly 
interested in differences in the data through the lens of PCA rather than the method itself.

Another motivation for analyzing the factors is that we have purposefully benchmarked 
FRED-QD to the large dataset of quarterly frequency series used by S&W. In that paper, the 
authors extract PCA-based factors and use them to disentangle the causes of the Great Recession. 
Hence, as a means of verifying that we have adequately captured the information in their data-
set, we also provide a direct comparison of factors extracted from FRED-QD to those extracted 
from the original dataset used by S&W.4 To do so, we use the September 2019 vintage of 
FRED-QD, but only those observations and series that were used to estimate factors in the 
original dataset. Keeping in mind that FRED-QD does not have 10 of the series in the original 
dataset, but provides a substitute for one of them, this ultimately gives us T = 211 observations 
ranging from 1959:Q1 to 2011:Q3 and N = 125 or 132 series when using FRED-QD or the 
original dataset, respectively.

Because FRED-QD has missing values and outliers that we treat as missing,5 we estimate 
the factors by PCA adapted to allow for missing values. Our approach to doing so is closely 
related to the EM (expectation–maximization) algorithm given in Stock and Watson (2002). 
Each series is demeaned and normalized to unit variance using the sample means and standard 
deviations, respectively. If the time t = 1,…,T observation for series i = 1,…,N is missing, we 
initialize it to the unconditional sample mean based on the non-missing values (which is zero 
since the data are demeaned and standardized) so that the panel is rebalanced. Based on this 
panel, and for a given number of factors r, a T × r matrix of factors F = ( f1,…, fT)ʹ and a N × r 
matrix of loadings λ = ( λ1,…, λN)ʹ are estimated using the normalization that λʹλ/N = Ir. We 
then update the missing values for each series from zero to λ̂iʹ f̂t . This is multiplied by the stan-
dard deviation of the series and the mean is re-added. The resulting value is treated as an obser-
vation for series i at time t, and the mean and variance of the complete sample are recalculated. 
The process of demeaning, standardizing, and estimating the factors and loadings is repeated 
using the updated panel. The iteration stops when the factor estimates do not change.6
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We then select the number of significant factors r. We use the ICp criteria developed in 
Bai and Ng (2002), which are generalizations of Mallow’s Cp criteria for large dimensional 
panels. The number of factors is chosen to minimize the sum of squared residuals while keeping 

the model parsimonious. For this analysis, we use the penalty N +T
NT

log min N ,T( )( ) which is 

shown by Bai and Ng (2002) to have good finite sample properties. This criterion is referred 
to as ICp2. For both the original dataset and the subset of FRED-QD used for this comparison, 
ICp2 selects r = 4 factors.

A. Factor 1 Estimates

1960 1965 1970 1975 1980 1985 1990 1995 2000 2005 2010

–2

–1

0

1

FRED-QD
S&W

B. Factor 2 Estimates

1960 1965 1970 1975 1980 1985 1990 1995 2000 2005 2010

–0.5

0

0.5

1.0

C. Factor 3 Estimates

1960 1965 1970 1975 1980 1985 1990 1995 2000 2005 2010

–1.0

–0.5

0

0.5

D. Factor 4 Estimates

1960 1965 1970 1975 1980 1985 1990 1995 2000 2005 2010
–2

–1

0

Figure 1
FRED-QD and S&W Factor Estimates

NOTE: This figure shows the estimates of Factors 1-4 for both the S&W and FRED-QD datasets. For estimation of factors 
in the FRED-QD dataset, only series and observations that correspond to those in the S&W dataset are used. Gray bars 
indicate recessions as determined by the NBER.
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Table 2
Factor Estimates from FRED-QD and S&W 

A. FRED-QD 
Total variation explained by factors: 0.413

mR2(1) 0.211 G# mR2(2) 0.091 G# mR2(3) 0.063 G# mR2(4) 0.048 G#

LNS14000025 0.784 3 OPHMFG 0.643 7 COMPRMS 0.608 7 EXUSEU 0.680 11 

DMANEMP 0.760 3 TCU 0.496 2 USSTHPI 0.329 4 TWEXMMTH 0.412 11 

LNS13023621 0.746 3 CUMFNS 0.427 2 COMPRNFB 0.319 7 PPIIDC 0.286 6 

USTPU 0.726 3 PERMIT 0.414 4 WPSID61 0.311 6 WPSFD49502 0.284 6 

IPBUSEQ 0.683 2 BUSLOANSx 0.368 9 ULCMFG 0.306 7 DGOERG3Q086SBEA 0.271 6 

USPBS 0.662 3 GS10TB3Mx 0.356 8 RCPHBS 0.305 7 EXUSUKx 0.229 11 

LNS14000026 0.649 3 HOUSTS 0.332 4 ACOGNOx 0.294 5 WPSID61 0.224 6 

PNFIx 0.642 1 USEPUINDXM 0.309 12 SPCS20RSA 0.275 4 WPU0561 0.223 6 

USTRADE 0.640 3 PRFIx 0.304 1 WPU0561 0.267 6 EXCAUSx 0.208 11 

Y033RC1Q027SBEAx 0.609 1 CPF3MTB3Mx 0.301 8 PPIIDC 0.239 6 EXSZUSx 0.154 11 

B. S&W 
Total variation explained by factors: 0.417

mR2(1) 0.215 G# mR2(2) 0.097 G# mR2(3) 0.059 G# mR2(4) 0.046 G#

LNS14000025 0.772 3 OPHMFG 0.526 7 COMPRMS 0.487 7 EXUSEU 0.561 11 

DMANEMP 0.750 3 TCU 0.485 2 WPSID61 0.358 6 DGOERG3Q086SBEA 0.233 6 

LNS13023621 0.741 3 PERMIT 0.417 4 COMPRNFB 0.322 7 PPIIDC 0.223 6 

USTPU 0.714 3 CUMFNS 0.414 2 USSTHPI 0.312 4 WPSFD49502 0.216 6 

IPBUSEQ 0.665 2 BUSLOANSx 0.365 9 WPU0561 0.309 6 TWEXMMTH 0.203 11 

USPBS 0.644 3 GS10TB3Mx 0.363 8 RCPHBS 0.305 7 EXCAUSx 0.195 11 

LNS14000026 0.638 3 USEPUINDXM 0.331 12 PPIIDC 0.284 6 EXUSUKx 0.193 11 

PNFIx 0.630 1 HOUSTS 0.328 4 SPCS20RSA 0.247 4 WPU0561 0.181 6 

USTRADE 0.628 3 NAPM 0.324  ULCMFG 0.218 7 TNWBSHNOx 0.165 10 

Y033RC1Q027SBEAx 0.622 1 INVCQRMTSPL 0.321 5 WPSFD49502 0.210 6 WPSID61 0.154 6 

NOTE: This table lists the 10 series that load most heavily on all four factors along with the R2 in a regression of the series on the factor. For example, Factor 1 of FRED-QD explains 
0.784 of the variation in LNS14000025. Factor 1 of FRED-QD has an mR2 of 0.211. This is the fraction of the variation in 125 series explained by Factor 1. Results for the S&W dataset are 
also listed.
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In Figure 1 we plot the four factors based on each dataset. The National Bureau of Economic 
Research (NBER) recession dates are shown by the gray bars. Visually, each of the four factors 
is very similar across the entire sample.7 This is particularly true for Factor 1 for which the 
two estimates are nearly identical and have a correlation exceeding 0.99. The remaining three 
correlations are only marginally lower, with values of 0.988, 0.968, and 0.980 for Factors 2 
through 4, respectively.

While the figure gives a visual characterization of the similarities of the factors, it is 
instructive to provide a more quantitative comparison. We do this by identifying which series 
are best explained by the factors. To do so, we regress the ith series in the dataset on a set of 
the r factors. For k = 1,…,r, this yields coefficients of determination Ri(k)2 for each series i. 
Because the factors are orthogonal and organized in decreasing order of their respective eigen-
values, the incremental explanatory power of factor k for series i is mRi

2(k) = Ri
2(k) – Ri

2(k – 1), 

k = 2,…,r with mRi
2(1) = Ri

2(1). The average importance of factor k is mR2 k( )= 1
N i=1

N

∑mRi
2 k( ). 

Table 2 lists mR2(k) and the 10 series with the highest mRi
2(k) for factor k. Panel A does so for 

the factors estimated using FRED-QD, while Panel B does the same but with the original S&W 
dataset. To simplify interpretation of the factors, we also include the group numbers for each 
of the 10 series.

A quick look at Table 2 immediately reinforces the visual similarity from Figure 1. Regard-
less of which dataset is used to estimate the factors, the total variation explained by all four 
factors is nearly the same (i.e., 0.41), and the mR2(k) values are nearly the same as well (i.e., 
0.21, 0.09, 0.06, and 0.05 for factors k = 1,…,4). The similarity also carries over to the top 10 
series with the highest mRi

2(k) values. While the rank ordering of the series varies a bit, 10, 8, 
9, and 9 of the top 10 series coincide across the four factors, respectively. This is convenient 
because it implies that the interpretation of the factors remains unchanged when using 
FRED-QD rather than the original S&W dataset. Factor 1 is a real activity indicator that weighs 
heavily on series from the Employment, Industrial Production, and NIPA groups. Factor 2 
is dominated by forward-looking series such as term interest rate spreads and inventories. 
Factor 3 has explanatory power concentrated in the Prices group as well as housing sector 
prices. Finally, Factor 4 is extensively weighted on both the Prices and Exchange Rates groups.

Figure 1 and Table 2 suggest that FRED-QD provides a reasonable replication of the 
original dataset—at least through the lens of PCA-based factor analysis. Even so, it also con-
tains additional series not in the original S&W dataset, and thus it is reasonable to wonder if 
those series provide additional information. Using all of the series and observations in 
FRED-QD, ICp2 selects three additional factors, bringing the total up to r = 7. These are plotted 
in Figure 2. Factors 1 and 2 remain closely related to those constructed using the S&W dataset, 
with correlations of 0.99 and 0.96, respectively. Beyond that, the correlations drop off dramati-
cally, with Factors 3 and 4 only exhibiting correlations of roughly 0.70.

The similarities and differences are more readily seen in Table 3. There we report the 
marginal R2 values associated with the seven factors identified using the entirety of FRED-QD. 
As expected, Factors 1 and 2 retain the same interpretation as those reported in Figure 1 and 
Table 2. Factor 1 is a real activity factor that correlates strongly with series in the Employment 
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and Industrial Production groups, while Factor 2 remains a forward-looking factor that cor-
relates heavily on interest rate term spreads as well as housing permits and starts. In contrast, 
while Factor 3 from the S&W dataset was a mixture of consumer prices and housing prices, 
when estimated using FRED-QD, Factor 3 is a pure consumer price index (CPI) with all of 
the top 10 mRi

2(3) values associated with the Prices group. In contrast, when using the full 
FRED-QD dataset, Factor 4 appears to be a second employment-oriented factor rather than 
a second prices-oriented factor, as we observed using the S&W dataset.

A. Factor 1 Estimate
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D. Factor 4 Estimate

1965 1975 1985 1995 2005 2015

–0.5

0

0.5

E. Factor 5 Estimate

1965 1975 1985 1995 2005 2015

–0.5

0

0.5

F. Factor 6 Estimate

1965 1975 1985 1995 2005 2015

–0.5

0

0.5

1.0

G. Factor 7 Estimate

1965 1975 1985 1995 2005 2015

–0.5

0

0.5

Figure 2
FRED-QD Factor Estimates

NOTE: This figure plots the PCA-based factors estimated using the full FRED-QD data set based on the benchmark 
transformation codes. Gray bars indicate recessions as determined by the NBER.
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Table 3
Factors Estimated from FRED-QD: Total Variation Explained, 0.497 

mR2(1) 0.199 G# mR2(2) 0.083 G# mR2(3) 0.073 G# mR2(4) 0.047 G#

USPRIV 0.838 3 AAAFFM 0.506 8 CUSR0000SA0L2 0.753 6 IMFSLx 0.394 9

USGOOD 0.820 3 T5YFFM 0.475 8 CUSR0000SAC 0.737 6 CES9093000001 0.341 3

OUTMS 0.814 1 PERMIT 0.462 4 DGDSRG3Q086SBEA 0.734 6 CES9092000001 0.306 3

PAYEMS 0.811 3 BUSINVx 0.432 5 PCECTPI 0.718 6 USGOVT 0.237 3

IPMANSICS 0.797 2 HOUST 0.421 4 CPITRNSL 0.703 6 GFDEBTNx 0.237 14

INDPRO 0.784 2 PERMITS 0.407 4 DNDGRG3Q086SBEA 0.693 6 REVOLSLx 0.225 9

MANEMP 0.776 3 TCU 0.394 2 CUSR0000SA0L5 0.676 6 COMPRMS 0.211 7

HOANBS 0.774 3 S&P div yield 0.393 13 CPIAUCSL 0.669 6 USFIRE 0.203 3

UNRATE 0.768 3 GS10TB3Mx 0.380 8 WPSID61 0.642 6 USSERV 0.203 3

DMANEMP 0.765 3 CPF3MTB3Mx 0.360 8 CPIULFSL 0.635 6 EXUSEU 0.194 11

mR2(5) 0.037 G# mR2(6) 0.030 G# mR2(7) 0.027 G#

OPHMFG 0.359 7 CONSPIx 0.274 10 USEPUINDXM 0.257 12

NWPIx 0.295 10 ULCNFB 0.228 7 TNWBSHNOx 0.208 10

AWHMAN 0.293 3 ULCBS 0.227 7 TABSHNOx 0.202 10

HWIx 0.290 3 CONSUMERx 0.220 9 TARESAx 0.192 10

OPHPBS 0.284 7 EXUSEU 0.208 11 TFAABSHNOx 0.192 10

OPHNFB 0.247 7 NONREVSLx 0.194 9 S&P 500 0.183 13

UNLPNBS 0.223 7 AHETPIx 0.187 7 S&P: indust 0.182 13

UNRATELTx 0.221 3 TOTALSLx 0.164 9 NASDAQCOM 0.171 13

ULCMFG 0.214 7 TB3SMFFM 0.149 8 GS10TB3Mx 0.155 8

TLBSNNCBBDIx 0.200 14 B020RE1Q156NBEA 0.143 1 TB6M3Mx 0.135 8

NOTE: See Table 2 note.
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The interpretation of Factors 4 to 7 are less clear. While most of these factors exhibit 
considerable correlation with series in the Earnings and Productivity group (i.e., Group 7), a 
variety of other groups are represented. Factor 5 also correlates with Employment and both the 
Household and Non-Household Balance Sheet groups, while Factor 6 correlates with several 
series in the Money and Credit group. Finally, Factor 7 appears to be a weaker version of 
Factor 5 insofar as it too correlates heavily with several series in the Household Balance Sheet 
group. It is useful to note that these smaller factors are discarded using the criterion in Bai and 
Ng (2019b) that guards against outliers, an issue to which we now turn.

4 OUTLIERS AND HIGH LEVERAGE OBSERVATIONS
In this section, we provide a brief investigation into the importance of outliers and high 

leverage observations on the estimated factors. The statistics literature makes a distinction 
between these two concepts.8 In a regression setting with predictors x and predictand y, an 
observation is an outlier if the residual is far from its mean. In contrast, the observation is 
said to have high leverage if x is far from the mean of its xi values and yet the corresponding 
residual is not large. In the context of factor analysis, analogous definitions exist and we con-
sider them below. Loosely speaking, the y variable is the factor and the x variable is the under-
lying data used to estimate the factor.

Following S&W, we define an outlier as an observation that deviates from the sample 
median by more than 10 interquartile ranges. By this definition, the S&W dataset and the 
corresponding subset of FRED-QD each have seven outliers. These are identified in 1971:Q1 
and 1997:Q1 for a consumer credit series, in 2008:Q4 for three producer price series, and in 
2010:Q2 for federal employment and consumer loans.9 The full FRED-QD data has 30 outliers, 
17 of which are found between 2008:Q1 and 2010:Q4 and are predominantly bank reserves 
variables. Two interest rate variables and a prices variable are also identified to be outliers in 
1980:Q3 and Q4, as well as oil price in 1974:Q1 and six non-household balance sheet variables 
between 2017:Q4 and 2018:Q1.

Note, however, that this definition of an outlier does not depend on the value of the esti-
mated factors. As such, it is not obvious that they should be removed prior to estimating the 
factors.10 Without the outlier adjustment, the ICp2 criterion identifies eight factors in the data 
instead of seven. Nonetheless, the first six factors estimated with and without outlier adjust-
ments are almost perfectly correlated, suggesting that the effect of these outliers on the largest 
factors is quite minimal.

In terms of high leverage observations, it seems likely that some of the 248 series, and 
(up to) 242 quarterly observations per series, are more important than others for estimating 
the factors. Using methods described in Mahoney (2011), we construct statistical leverage 
scores that inform us about the non-uniform structure of importance in the data. Consider a 
T × N data matrix X with singular value decomposition X = UΣVʹ and assumed to have a low-
rank component of rank r. The factor estimates reported above can be expressed as 
%F , % ′Λ( )= TUr , NVrDr( ). 
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A different aspect of the eigenvectors will now be explored. Let u(t) be the tth row of the  
T × r matrix of left singular vectors Ur, and v(i) be the ith column of the r × N matrix of right 
singular vectors Vrʹ. Define the normalized row and column leverage scores as 

 pt =
Pu t( ) P2

2

t=1
T∑ nPu t( ) P2

2 , pi =
Pv i( )
P2
2

i=1
n∑ nPv i( )

P2
2 .

As ptt=1
T∑ = pi =1i=1

N∑ , these probabilities also define an “importance sampling distribution” 
for the rows and the columns of X, respectively. The row scores are simply the diagonal entries 
of the “hat” matrix sometimes used to detect influential observations in regression settings. 
Here, it is used to evaluate the strength of each row of the top-r-left singular vectors, giving 
information about the relative importance of the time series data points. The column score 
evaluates the strength of each column of the top-r-right singular vectors and hence is infor-
mative about the relative importance of the data in the cross section.

We compute the row leverage scores for the full and balanced FRED-QD data with and 
without outlier adjustment. The results are similar, and hence to conserve space, in Figure 3 
we plot the leverage scores for the full-sample of FRED-QD without outlier adjustment. If the 
information is uniformly dispersed over time, each of the T observations should have a score 

–

1965 1975 1985 1995 2005 2015
0

0.02

0.04

0.06

Leverage score
Outliers

Figure 3
FRED-QD Leverage Scores

NOTE: This figure plots the statistical leverage score, pt , of each quarter. Blue circles represent quarters where at least 
one value in a series is an outlier; circle size is relative to the number of outliers detected. Gray bars indicate recessions as 
determined by the NBER.
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of 1
T

. In the FRED-QD data, six data points account for 20 percent of the mass in pt: 2008:Q4, 

2009:Q1, 1975:Q1, 1980:Q4, 1980:Q2, and 2009:Q2. These roughly coincide with the outliers 
detected by the interquartile-range method.

Turning to the column leverage scores, each pi should be 1
N

 if information in the series is 

evenly dispersed. This is apparently not the case, as the (unreported) histogram of pi is quite 
skewed. For the subpanel of FRED-QD data corresponding to the S&W dataset, the series 
with the top three scores are the U.S./euro exchange rate (EXUSEU), WPSID61, and PPIDC, 
regardless of whether an outlier adjustment is made. For the full FRED-QD panel, the series 
with the top scores are COMPRMS, EXUSEU, and GS5 without outlier adjustment, and 
NWPIx, S&P 500, and real household networth (TNWBSHNOx) with outlier adjustment. 
Apparently, the variables added to the full panel do change the information content of the 
panel. Nonetheless, these variables are already known to play an important role in business 
cycle modeling. This analysis simply reinforces their importance.

5 TRANSFORMATION CODES
As we noted earlier, the dataset provides benchmark transformation codes that are 

designed to make each series stationary. After having made the decision that the series should 
be managed in levels or log levels, the transformation codes are first and second differences 
based on whether the series is believed to be I(0), I(1), or I(2). In this section, we revisit the 
benchmark transformation codes and do so through the lens of unit root tests. In particular, 
we apply unit root tests to each series in FRED-QD to see whether or not the unit root tests 
imply the benchmark transformation codes.

For each series, we apply two variants of the Dickey-Fuller generalized least-squares 
(DFGLS) tests as delineated in Elliott, Rothenberg, and Stock (1996). These two tests differ 
only in how the number of autoregressive lags are chosen. One uses the Schwarz’s Information 
Criterion (SIC) to choose the appropriate number of lags, and the other uses a Modified Akaike 
Information Criteron (MAIC), developed in Ng and Perron (2001).11 In each case the maxi-
mum number of lags is based on the recommendation in Schwert (1989), and hence for a given 
sample size T, kmax =n 12 T 100( )1/4⎢⎣ ⎥⎦n.

We use the results of these tests to identify the appropriate transformation codes. For exam-
ple, recall that for the DFGLS tests, the null hypothesis is that the series is I(1). Hence, if we 
fail to reject, the series is differenced and the test is repeated until we reject the null. Depending 
on when this algorithm rejects the null determines the transformation code. For each test, and 
at each stage of the algorithm, we consider nominally 5 percent tests of the respective null.

For brevity we do not report the results of all the unit root tests. Instead, in Figure 4 we 
provide histograms of the implied transformation codes for all the series.12 The first panel is 
the histogram of the codes reported in FRED-QD. All series have transformation codes of 
either 1, 2, 5, or 6, and hence no series are considered stationary in log levels (4) or second 
differences of levels (3). By far the bulk of the codes are 5s, and hence the series are considered 
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stationary in log-first differences. These patterns change when we consider the unit root-based 
transformation codes. The largest changes occur when using the MAIC variant of the DFGLS 
test. Here we find that much of the mass associated with a code of 5 has shifted into a code of 6, 
leading to more than a doubling of the number of series that require double differencing in 
log levels. That said, some mass from the 5s has settled into the 4s, suggesting that some of 
the series may be I(0) in log levels rather than log-first differences. There is also a modest shift 
in mass from the 1s and 2s into 3s, and hence the tests indicate some of the series are station-
ary in the second difference of the levels. In contrast, the SIC-based DFGLS test implies more 
modest deviations from the original transformation codes. There remains almost no mass on 
the 3s and 4s. The largest deviation from the benchmark codes comes from a shift of mass 
from the 6s into the 5s, and hence the SIC-based test indicates that some of the series have 
been overdifferenced.

A. OLD
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Figure 4
Factors Estimated from FRED-QD: Total Variation Explained, 0.497

NOTE: Each panel provides a histogram of frequencies of transformation codes. “OLD” refers to the benchmark codes 
provided in FRED-QD. “SIC” and “MAIC” refer to codes implied by the associated DFGLS unit root test.



McCracken and Ng

Federal Reserve Bank of St. Louis REVIEW First Quarter 2021      17

The histograms convey the fact that the unit root tests can imply transformation codes 
that don’t align with the benchmark codes. Nevertheless, they do not convey where the changes 
are coming from. To address this issue, in Table 4 we report the median transformation codes 
by group. For the MAIC-based tests, much of the shift toward log second differences occurs 
in the NIPA, Industrial Production, and Earnings and Productivity groups. In contrast, for 
the SIC-based tests, the biggest change occurs for Prices, in which case the test recommends 
treating Prices as log first differences instead of log second differences. Both versions of the 
DFGLS tests disagree with the benchmark codes for Housing, of which several of the series 
are considered stationary in log levels and hence do not need to be differenced.

It’s clear that the unit root tests recommend changes in some of the transformations. Even 
so, it’s worth keeping in mind that many of the unit root-implied codes continue to coincide 
with the benchmark codes. It therefore need not be the case that factors based on the bench-
mark codes deviate significantly from factors based on the unit root codes. In Figure 5 we plot 
the first four factors based on the benchmark codes along with the corresponding factors 
constructed after using the unit root test determined codes. For the first factor, the SIC- and 
benchmark-implied factors largely coincide and exhibit a correlation of 0.95. In contrast, the 
MAIC-based variant deviates substantially from that constructed using the benchmark codes, 
with which they have a modest correlation of 0.56. For the remaining factors, substantial dif-
ferences exist among the unit root-implied factors and those based on the benchmark codes.

Table 4
FRED-QD Median Transformation Codes by Group

Group Group name OLD SIC MAIC

1 NIPA 5 5 6

2 Industrial Production 5 5 6

3 Employment and Unemployment 5 5 5

4 Housing 5 4.5 4.5

5 Inventories, Orders, and Sales 5 5 6

6 Prices 6 5 6

7 Earnings and Productivity 5 5 6

8 Interest Rates 1.5 1 2

9 Money and Credit 5 5 5

10 Household Balance Sheets 5 5 5

11 Exchange Rates 5 5 5

12 Other 1.5 1 1

13 Stock Markets 5 5 5

14 Non-Household Balance Sheets 5 5 5

All 5 5 5
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In Table 5, more detailed evidence on the differences in the factors can be gleaned from 
the marginal R2 values for the factors plotted in Figure 5. Rather than go through these in detail 
we make only a few notable observations. One noticeable distinction among the factors is that 
while the MAIC-based factors remain heavily concentrated in the Employment and Industrial 
Production groups, the mR2(1) values are substantially lower than those associated with the 
benchmark and SIC-based codes. This likely follows from the propensity of the MAIC-based 
unit root tests to treat many NIPA and employment series as I(2) rather than I(1), which 
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Figure 5
FRED-QD Factor Estimates by Method of Series Transformation

NOTE: This figures plots the first four PCA-based factors corresponding to the benchmark (OLD) codes and those implied 
by the unit root tests (SIC and MAIC). Gray bars indicate recessions as determined by the NBER.
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Table 5
FRED-QD Factor Estimates by Method of Series Transformation 

A. OLD 
Total variation explained, 0.4025

mR2(1) 0.199 G# mR2(2) 0.083 G# mR2(3) 0.073 G# mR2(4) 0.047 G#

USPRIV 0.838 3 AAAFFM 0.506 8 CUSR0000SA0L2 0.753 6 IMFSLx 0.394 9
USGOOD 0.820 3 T5YFFM 0.475 8 CUSR0000SAC 0.737 6 CES9093000001 0.341 3
OUTMS 0.814 1 PERMIT 0.462 4 DGDSRG3Q086SBEA 0.734 6 CES9092000001 0.306 3
PAYEMS 0.811 3 BUSINVx 0.432 5 PCECTPI 0.718 6 USGOVT 0.237 3
IPMANSICS 0.797 2 HOUST 0.421 4 CPITRNSL 0.703 6 GFDEBTNx 0.237 14
INDPRO 0.784 2 PERMITS 0.407 4 DNDGRG3Q086SBEA 0.693 6 REVOLSLx 0.225 9
MANEMP 0.776 3 TCU 0.394 2 CUSR0000SA0L5 0.676 6 COMPRMS 0.211 7
HOANBS 0.774 3 S&P div yield 0.393 13 CPIAUCSL 0.669 6 USFIRE 0.203 3
UNRATE 0.768 3 GS10TB3Mx 0.380 8 WPSID61 0.642 6 USSERV 0.203 3
DMANEMP 0.765 3 CPF3MTB3Mx 0.360 8 CPIULFSL 0.635 6 EXUSEU 0.194 11

B. SIC 
Total variation explained, 0.4411

mR2(1) 0.169 G# mR2(2) 0.147 G# mR2(3) 0.074 G# mR2(4) 0.051 G#

PAYEMS 0.844 3 PCECTPI 0.858 6 UNRATE 0.523 3 DGOERG3Q086SBEA 0.376 6
USPRIV 0.835 3 CPIAUCSL 0.846 6 LNS14000025 0.506 3 WPU0561 0.341 6
USGOOD 0.781 3 CUSR0000SA0L5 0.828 6 LNS14000026 0.466 3 OILPRICEx 0.324 6
USTPU 0.758 3 CPIULFSL 0.797 6 SPCS20RSA 0.462 4 ACOGNOx 0.281 5
SRVPRD 0.728 3 PCEPILFE 0.794 6 LNS14000012 0.462 3 WPSID62 0.264 6
MANEMP 0.723 3 IPDBS 0.790 6 ISRATIOx 0.383 5 PPIACO 0.258 6
DMANEMP 0.718 3 CPILFESL 0.787 6 UNRATELTx 0.350 3 B020RE1Q156NBEA 0.256 1
HOAMS 0.716 3 CUSR0000SAS 0.756 6 UNRATESTx 0.348 3 PPIIDC 0.255 6
HOANBS 0.704 3 DSERRG3Q086SBEA 0.746 6 HWIURATIOx 0.341 3 B021RE1Q156NBEA 0.244 1
USWTRADE 0.683 3 CUSR0000SA0L2 0.742 6 CLAIMSx 0.313 3 AWHMAN 0.243 3

C. MAIC 
Total variation explained, 0.3327

mR2(1) 0.127 G# mR2(2) 0.091 G# mR2(3) 0.066 G# mR2(4) 0.047 G#

OUTMS 0.854 1 SRVPRD 0.481 3 CUSR0000SAC 0.476 6 CPF3MTB3Mx 0.364 8
TCU 0.783 2 USPBS 0.412 3 CPITRNSL 0.468 6 S&P 500 0.275 13
USPRIV 0.781 3 PPIACO 0.399 6 UMCSENTx 0.446 12 DRIWCIL 0.273 9
USGOOD 0.774 3 WPSID61 0.396 6 WPSFD49207 0.435 6 TFAABSHNOx 0.269 10
IPMANSICS 0.751 2 INVCQRMTSPL 0.390 5 USSTHPI 0.423 4 AAAFFM 0.264 8
INDPRO 0.730 2 HOUST 0.368 4 WPSFD49502 0.421 6 TARESAx 0.262 10
PAYEMS 0.727 3 PPIIDC 0.366 6 CPIULFSL 0.408 6 S&P: indust 0.262 13
CUMFNS 0.723 2 USTRADE 0.361 3 PPIIDC 0.399 6 BAA 0.255 8
MANEMP 0.722 3 CUSR0000SAC 0.342 6 EXUSEU 0.388 11 NWPIx 0.242 10
DMANEMP 0.690 3 WPSFD49502 0.341 6 PPIACO 0.361 6 TNWBSHNOx 0.239 10

NOTE: See Table 2 note.
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apparently leads to a loss of information due to overdifferencing. Another is the relatively clear 
interpretability of the SIC-based factors. Factor 1 is a clear employment factor, while Factor 2 is 
a pure consumer prices factor. Factor 3 is arguably an unemployment factor, and Factor 4 is 
heavily correlated with producer prices with an emphasis on energy and, specifically, oil prices.

6 PREDICTABILITY OF FACTOR-BASED MODELS
In this section, we investigate the usefulness of factors for predicting macroeconomic 

aggregates. The structure of the forecasting exercise is motivated by a similar forecasting exer-
cise conducted by Stock and Watson (2012b). Specifically, we construct one- and four-quarter- 
ahead forecasts of real GDP (log level), industrial production (log level), the unemployment 
rate (level), and the federal funds rate (level), as well as the CPI, personal consumption expen-
ditures (PCE), GDP deflator, and PPI price indices (each in log level). These variables were 
chosen based on the results of the unit root tests in the previous section, with an eye toward 
emphasizing the role that transformation codes have on the predictive content of factors. For 
each permutation of the eight dependent variables Y and two horizons h, we have three goals: 
(i) document that the FRED-QD factors have predictive content above and beyond that con-
tained in a baseline autoregressive model, (ii) document whether the choice of transformation 
codes can have a material effect on the predictive content of factors extracted from FRED-QD, 
and (iii) document those factors that exhibit the most predictive content for the target variables.

In each case, the models used for forecasting take the direct multistep form

(1) yt
h( ) =αh +

j=0

p−1

∑β j
h( )yt−h− j +δ

h( )′ ft−h + εt
h( ) ,

where 

(2) yt
h( ) =

Yt if Yt is I 0( )
Yt −Yt−h if Yt is I 1( )

Yt −Yt−h −hΔYt−h if Yt is I 2( )

⎧

⎨
⎪⎪

⎩
⎪
⎪

⎫

⎬
⎪⎪

⎭
⎪
⎪

.

For brevity, when h = 1 we drop the superscript and define yt
(1) as yt. At each forecast origin, 

the model is estimated by ordinary least squares and the h-step-ahead forecast of y(h)
t +h is then 

constructed as 

(3) ŷt,h
h( ) = α̂h,t +

j=0

p−1

∑ β̂ j,t
h( )yt− j + δ̂ t

h( )′ ft .

Forecasts of Yt +h are then computed in accordance with the order of integration of Y: 

(4) Ŷt,h =

ŷt,h
h( ) if Yt is I 0( )

Yt + ŷt,h
h( ) if Yt is I 1( )

Yt +hΔYt + ŷt,h
h( ) if Yt is I 2( )

⎧

⎨
⎪
⎪

⎩
⎪
⎪

⎫

⎬
⎪
⎪

⎭
⎪
⎪

.
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Following Stock and Watson (2012b), we fix the number of autoregressive lags p at four 
and only consider a single lag of the factor(s). Since it is not obvious which of the seven factors 
should be used to forecast any particular target variable, and since those factors could vary 
by horizon, we consider all 27– 1 = 127 possible choices of ft as a potential predictor. Hence, 
in some cases, f is a scalar consisting of just one of the seven possible factors, while in other 
models f is a vector consisting of up to all seven factors.

All models are estimated using a rolling window of 106 (109) observations when h = 1 (4). 
The first forecast origin is R = 1985:Q1 + h, and the last forecast origin is T = 2018:Q4 – h, for 
a total of P = 134 (128) forecasts. At each forecast origin, we estimate the factors two different 
ways. For the first, we use the benchmark transformation codes provided in FRED-QD. For 
the second, at each forecast origin, we perform unit root tests on all series in FRED-QD using 
the past 106 (109) observations when h = 1 (4). Based on the outcome of these tests, we select 
transformation codes using the same algorithms described in the previous subsection. For 
brevity, we only consider the SIC-based DFGLS unit root test in this forecasting exercise. 
Using the MAIC-based unit root test leads to different results. Our goal is not to provide the 
“correct” set of results, but rather to demonstrate that sticking to previously established trans-
formation codes may lead to inferior results.13

It’s important to keep in mind that by taking a rolling-window approach to forecasting, we 
have potentially time-varying transformation codes and this has multiple effects on our fore-
casting exercise. Obviously, different transformation codes lead to distinct estimated factors 
as shown in Figure 5. In addition, given our direct multistep forecasting environment, different 
transformation codes also lead to time-varying definitions of y(h). For this reason, we measure 
accuracy of the forecasts relative to Y rather than y(h). In particular, we evaluate accuracy of 
the forecasts under quadratic loss using mean-squared errors P−1 Yt+h −Ŷt,h( )2t=R

T∑ .
For each target variable Y and horizon h, there is a benchmark AR(4) model that is esti-

mated using the original (OLD) transformation codes. In addition, there are 127 models that 
augment the benchmark AR(4), with at least one factor formed using the OLD transformation 
codes. The same is done using transformation codes based on the unit-root-testing algorithm 
(NEW). This leads to 128 more models, including an AR(4) based on the NEW codes and 
127 models that augment this AR(4) with at least one of the seven factors.

For each of the 254 models that include at least one factor, we conduct a one-sided test 
of the null that the factors do not contribute finite-sample predictive content relative to the 
benchmark AR(4). The null is stated in the context of the test of unconditional finite-sample 
predictive ability advocated by Giacomini and White (2006). However, in contrast to their 
recommended testing procedure, we follow Coroneo and Fabrizio (2020) and apply a fixed-b 
asymptotic approximation to the test statistic. Specifically, for each model j = 1,…,254 that 
includes at least one factor, the test statistic takes the form P−1/2 ût+h,AR

2 − ût+h,j
2( )t=R

T∑ ω̂ j, 

where ω̂j
2 is an estimate of the long-run variance of û2

t +h,AR – û2
t +h,j. This is estimated using the 

Bartlett kernel and bandwidth 1.3 P⎢⎣ ⎥⎦+1 as advocated in Lazarus et al. (2018). Critical values 
for the asymptotic distribution are approximated using the formula provided in Table 1 of 
Kiefer and Vogelsang (2005, p. 1146).
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While this testing procedure allows us to ascertain whether the factors exhibit finite- 
sample predictive content beyond that in the benchmark AR(4), there is an obvious multiple- 
testing problem. To mitigate the potential for multiple testing, we provide complementary 
evidence on accuracy using the model confidence set procedure advocated by Hansen, Lunde, 
and Nason (2011). This allows us to identify the subset of all 256 models that are statistically 
as accurate as the single most accurate model. Note that this information is related to, but not 
the same as, the previous test comparing each model to the benchmark. For example, it could 
be the case that the benchmark is the best model, and hence factors do not provide additional 
predictive content. Even so, many of the factor-based models may be contained in the model 
confidence set because they are approximately as accurate as the benchmark. With this differ-
ence of interpretation in mind, we use the TR,M  maxi, jM|ti, j| statistic when implementing 
the model confidence set procedure. The distribution of this test statistic is approximated 
using a circular block bootstrap with block length l = 12 using software distributed by Sheppard 
(2018). To help identify the most-accurate models, we use a restrictive significance level of 
25 percent—that is, the level associated with the model confidence set M75.14

Rather than report all of the testing results, we focus on a concise subset that provides 
evidence on our three forecasting goals. For each permutation of target variable Y and hori-
zon h, we report the root-mean-squared error (RMSE) for the benchmark AR(4) , along with 
the relative RMSEs associated with the 10 most-accurate models. An asterisk denotes whether 
the models were more accurate than the AR(4) at the 5 percent level using the fixed-b critical 
values. In addition, we report the number of OLD and NEW models that outperform the 
benchmark AR(4). Finally, we report the number of models contained in the model confidence 
set. Since we want to identify the importance of the transformation codes, we also specify the 
number of models in the model confidence set that use the NEW factors based on the unit-
root-driven transformation codes.

Tables 6 and 7 provide the results. In the first table we focus on the real and financial target 
variables, while in the second we focus on the price series. In Table 6 we find numerous evi-
dence that the factors can provide additional predictive content beyond that of the benchmark 
AR(4). For all four target variables and at both forecast horizons, the number of factor-based 
models that significantly outperform the benchmark range from a low of three models when 
forecasting the federal funds rate at the one-quarter horizon to a high of 142 models when 
forecasting the unemployment rate at the four-quarter horizon. To be fair, many of those that 
outperform the benchmark only do so to a modest degree. The largest gains occur for the 
unemployment rate at the four-quarter horizon, where accuracy is improved by a substantial 
25 percent. For the other target variables and/or horizons, the largest gains range from 17 per-
cent to as low as 3 percent. 

One obvious feature of Table 6 is the dominance of the factors constructed using the OLD 
transformation codes. Across all target variables and horizons, exactly 16 out of a possible 80 
top 10 most-accurate models are based on factors estimated using the NEW transformation 
codes. Seven of these instances occur when forecasting GDP growth, another seven occur 
when forecasting the federal funds rate, and the remaining two occur when forecasting the 
unemployment rate; in all cases these occur at the four-quarter horizon. In addition, for all 
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Table 6
FRED-QD Factor-Based Forecasts of Real and Financial Series

A. Horizon = 1

GDPC1 
AR(4) RMSE = 0.0053804 

Top 10 models

INDPRO 
AR(4) RMSE = 0.0088442 

Top 10 models

UNRATE 
AR(4) RMSE = 0.19716 

Top 10 models

FEDFUNDS 
AR(4) RMSE = 0.40622 

Top 10 models

Factors Codes Ratio Factors Codes Ratio Factors Codes Ratio Factors Codes Ratio

1,2,5,7 OLD 0.94* 2,6,7 OLD 0.86* 1,2,3,5,6 OLD 0.83* 2,6 OLD 0.97*
1,2,5 OLD 0.94* 1,2,7 OLD 0.87* 1,2,5,6 OLD 0.83* 2 OLD 0.98*
1,2,3,4,5,6,7 OLD 0.94* 2,5,6,7 OLD 0.87* 1,2,3,6 OLD 0.83* 2,4 OLD 0.98*
1,2,3,4,5,7 OLD 0.95* 2,7 OLD 0.87* 1,2,5,6,7 OLD 0.83* 2,4,6 OLD 0.99
2,5,6 OLD 0.95* 2,6 OLD 0.87* 1,2,3,4,5,6 OLD 0.84* 6 OLD 1.00 
1,2 OLD 0.95* 1,2 OLD 0.87* 1,2,6 OLD 0.84* 2,6,7 OLD 1.00 
1,2,7 OLD 0.95* 1,2,6,7 OLD 0.88* 1,2,3,5,6,7 OLD 0.84* 2,5,6 OLD 1.00 
1,2,5,6,7 OLD 0.95* 1,2,6 OLD 0.89* 1,2,3,6,7 OLD 0.84*  OLD 1.00 
1,2,3,4,5,6 OLD 0.95* 2,5,6 OLD 0.89* 1,2,3,4,6 OLD 0.84* 2,3 OLD 1.00 
1,2,3,4,5 OLD 0.95* 2 OLD 0.89* 1,2,4,5,6 OLD 0.84* 2,3,6 OLD 1.00 

# in MCS = 256 # in MCS = 55 # in MCS = 66 # in MCS = 123 
# NEW in MCS = 128 # NEW in MCS = 9 # NEW in MCS = 13 # NEW in MCS = 45 
# OLD  AR(4) = 57 # OLD  AR(4) = 66 # OLD  AR(4) = 96 # OLD  AR(4) = 3 
# NEW  AR(4) = 3 # NEW  AR(4) = 29 # NEW  AR(4) = 42 # NEW  AR(4) = 0

B. Horizon = 4 

GDPC1 
AR(4) RMSE = 0.016498 

Top 10 models

INDPRO 
AR(4) RMSE = 0.037483 

Top 10 models

UNRATE 
AR(4) RMSE = 0.85051 

Top 10 models

FEDFUNDS 
AR(4) RMSE = 1.4129 

Top 10 models

Factors Codes Ratio Factors Codes Ratio Factors Codes Ratio Factors Codes Ratio

1,2 NEW 0.86* 2,6,7 OLD 0.88* 2,3,4,6,7 OLD 0.75* 1,2 NEW 0.92* 
1,2,6 NEW 0.87* 2,7 OLD 0.89* 1,2,3,4,5,7 NEW 0.75* 1,2,7 NEW 0.94*
1,2,5 NEW 0.88* 2,6 OLD 0.90* 2,3,4,6 OLD 0.75* 1,2,5 NEW 0.95*
2 NEW 0.88* 2 OLD 0.90* 2,3,6,7 OLD 0.75* 2 NEW 0.96 
1,6 NEW 0.89* 2,4,7 OLD 0.90* 2,3,4,5,6,7 OLD 0.76* 1,2,5,7 NEW 0.97*
1,2,5,6 NEW 0.89* 2,5,7 OLD 0.91* 2,3,6 OLD 0.76* 2,7 NEW 0.99*
2,3,4,5,6 OLD 0.89* 2,4,6,7 OLD 0.91* 1,2,3,4,5,6,7 OLD 0.76* 6 OLD 0.99*
1,2,3,4,5 OLD 0.89* 2,5,6,7 OLD 0.91* 1,2,3,4,5,6 OLD 0.76* 2,5 NEW 1.00 
2,3,4,6 OLD 0.90* 2,5 OLD 0.91* 1,2,3,4,6,7 NEW 0.76* 2,4,6 OLD 1.00 
1,2,4 NEW 0.90* 2,4 OLD 0.92* 1,2,3,4,5 OLD 0.76*  OLD 1.00 

# in MCS = 135 # in MCS = 98 # in MCS = 124 # in MCS = 17 
# NEW in MCS = 51 # NEW in MCS = 27 # NEW in MCS = 60 # NEW in MCS = 11
# OLD  AR(4) = 62 # OLD  AR(4) = 64 # OLD  AR(4) = 78 # OLD  AR(4) = 1 
# NEW  AR(4) = 34 # NEW  AR(4) = 0 # NEW  AR(4) = 64 # NEW  AR(4) = 6

NOTE: This table lists the 10 forecasting models with the lowest RMSE for four series at the one-quarter and four-quarter horizons. The combination of factors, use of OLD or NEW 
codes, and ratio of RMSE with the benchmark model (AR(4) with OLD codes) are given. Asterisks denote if the model is significantly better than the baseline at the 5 percent level 
using fixed-b critical values. The # of total/NEW models in the MCS and the # of OLD/NEW models significantly better than the baseline model are also listed for each dependent vari-
able and horizon.
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Table 7
FRED-QD Factor-Based Forecasts of Price Series

A. Horizon = 1

CPIAUCSL 
AR(4) RMSE = 0.0051166 

Top 10 models

PCECTPI 
AR(4) RMSE = 0.0036182 

Top 10 models

GDPCTPI 
AR(4) RMSE = 0.0019032 

Top 10 models

PPIACO 
AR(4) RMSE = 0.020314 

Top 10 models

Factors Codes Ratio Factors Codes Ratio Factors Codes Ratio Factors Codes Ratio

1,4,7 NEW 0.97* 1,7 NEW 0.97* 1 NEW 0.95* 4 NEW 0.91*
1,7 NEW 0.97* 1,2,7 NEW 0.97* 1,4 NEW 0.95* 4,5,6 NEW 0.91*
3,4,5,6,7 OLD 0.97* 2,5,6,7 OLD 0.98* 1,3 OLD 0.95* 1,4 NEW 0.91*
1,3,7 NEW 0.97* 2,6,7 OLD 0.98* 1,3,4 NEW 0.96* 4,5 NEW 0.91*
3,4,6,7 OLD 0.97* 1,2,6,7 NEW 0.98* 1,2 OLD 0.96* 4,5,7 NEW 0.91*
1,3,4,7 NEW 0.98* 2,4,6,7 OLD 0.98* 1,2,3 OLD 0.96* 4,6 NEW 0.91*
3,4,5,6 OLD 0.98* 2,4,6 OLD 0.98* 1,4,7 NEW 0.97* 1,4,5,6 NEW 0.91*
1,6,7 NEW 0.98* 2,6 OLD 0.98* 1,5 NEW 0.97* 1,4,6 NEW 0.91*
1,4,6,7 NEW 0.98* 1,2,3,7 NEW 0.98* 1,2,4 NEW 0.97* 4,5,6,7 NEW 0.91*
3,4,6 OLD 0.98* 2,5,6 OLD 0.98* 1,4,6 NEW 0.97* 1,4,5 NEW 0.91*

# in MCS = 214 # in MCS = 193 # in MCS = 64 # in MCS = 256 
# NEW in MCS = 105 # NEW in MCS = 88 # NEW in MCS = 33 # NEW in MCS = 128 
# OLD  AR(4) = 34 # OLD  AR(4) = 34 # OLD  AR(4) = 38 # OLD  AR(4) = 16 
# NEW  AR(4) =23 # NEW  AR(4) = 19 # NEW  AR(4) = 35 # NEW  AR(4) = 128

B. Horizon = 4 

CPIAUCSL 
AR(4) RMSE = 0.015208 

Top 10 models

PCECTPI 
AR(4) RMSE = 0.011441 

Top 10 models

GDPCTPI 
AR(4) RMSE = 0.006606 

Top 10 models

PPIACO 
AR(4) RMSE = 0.068741 

Top 10 models

Factors Codes Ratio Factors Codes Ratio Factors Codes Ratio Factors Codes Ratio

1,2,3,4 NEW 0.90* 1,2,3,4,7 NEW 0.96* 1,2,7 OLD 0.94* 2,5,7 NEW 0.77*
1,2,3,5 NEW 0.91* 2,5 OLD 0.96* 1,2,3,7 OLD 0.95* 2,5 NEW 0.77*
1,2,3,4,5 NEW 0.91* 1,2,3,4 NEW 0.96* 1,5 NEW 0.95* 2,4,5,7 NEW 0.77*
1,2,3,5,7 NEW 0.91* 1,2,3,7 NEW 0.97* 1,5,6 NEW 0.95* 4,5,7 NEW 0.77*
1,2,3,4,7 NEW 0.92* 1,2,3 NEW 0.97* 1,5,7 NEW 0.96* 2,4,5 NEW 0.77*
1,2,3 NEW 0.92* 5 OLD 0.97* 1,5,6,7 NEW 0.96* 5,7 NEW 0.77*
1,2,3,4,5,7 NEW 0.92* 4,5 NEW 0.97* 1,2,5,7 OLD 0.96* 5 NEW 0.77*
2,3,4,5,7 NEW 0.92* 2,4,5 OLD 0.98* 1 NEW 0.96* 2,5,6 NEW 0.77*
1,2,3,7 NEW 0.93* 1,2,3,5,7 NEW 0.98* 1,6 NEW 0.96* 4,5 NEW 0.77*
2,3,5,7 NEW 0.93* 2,3,4 NEW 0.98* 1,6,7 NEW 0.96* 2,5,6,7 NEW 0.77*

# in MCS = 103 # in MCS = 72 # in MCS = 155 # in MCS = 256 
# NEW in MCS = 71 # NEW in MCS = 54 # NEW in MCS = 85 # NEW in MCS = 128
# OLD  AR(4) = 26 # OLD  AR(4) = 11 # OLD  AR(4) = 19 # OLD  AR(4) = 63 
# NEW  AR(4) = 84 # NEW  AR(4) = 36 # NEW  AR(4) = 23 # NEW  AR(4) = 128

NOTE: See Table 6 note.
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but one permutation of target variable and horizon, there are more models based on the OLD 
transformation codes that outperform the AR(4) benchmark.

Among those factor-based models that perform in the top 10, it isn’t obvious that one 
particular factor is dominant and should always be used when forecasting. Even so, it is true 
that Factors 1 or 2 occur in all but two of the top 10 factor-based models. While that might 
suggest that those factors associated with the largest eigenvalues provide the most predictive 
content, one should not conclude the contributions are monotone. There are many instances, 
like that when forecasting industrial production at either horizon, where Factors 2, 6, and 7 
are included, but Factors 1, 3, 4, and 5 are not. It’s also worth noting that the number of factors 
necessary to improve accuracy relative to the benchmark AR(4) varies across series and, to a 
lesser extent, horizon. When forecasting the federal funds rate, maximal gains are achieved 
when including only two factors, but when forecasting the unemployment rate, the best models 
include five factors. In fact, there are instances in which including all seven factors in the 
model lead to forecasts of the unemployment rate and GDP growth that outperform those 
based on the benchmark AR(4) model.

Moving to Table 7, that associated with predicting the four price series, we again find 
substantial evidence that the factors can provide marginal predictive content beyond the 
benchmark AR(4). In some cases, such as when forecasting the GDP deflator at the four-quarter 
horizon, the number of factor-based models that have marginal predictive content is as low 
as 42, but in other cases, such as when forecasting PPI at the same horizon, the number is as 
high as 191. Relative to the benefits of using factor-based models observed in Table 6, the top 
gains are typically smaller. When forecasting PPI at the four-quarter horizon, the gains are as 
large as 23 percent but are less than 10 percent for all other permutations of the target variable 
and horizon.

But in contrast to the results in Table 6, when forecasting prices, factor-based models 
using the NEW transformation codes generally dominate those that use the OLD codes. 
Among the 80 possible top 10 models, only 19 are based on models that use the OLD trans-
formation codes. Interestingly, none of these instances occur when forecasting PPI, which is 
dominated by factors estimated using the NEW transformation codes. In addition, relative 
to Table 6, there tends to be more models in the confidence set that use the NEW transfor-
mation codes. Similarly, relative to Table 6, a larger number of factor models that use the 
NEW transformation codes outperform the benchmark AR(4)—and do so especially at the 
longer forecast horizon.

To understand why the NEW transformation codes work better for forecasting prices, 
recall that in Section 5 we found that the transformation codes implied by the SIC-based unit 
root tests treated many of the price series as I(1) in logs, whereas the OLD codes treat them as 
I(2) in logs. If the price series are I(1), but are treated as I(2), then they are being overdiffer-
enced and information is lost. This has two effects: (i) It affects the information content in the 
factors, and (ii) it removes the predictable component of the price variable being forecasted. 
The former of these could, hypothetically, have affected forecasts of the real variables in 
Table 6 but was not sufficient to outperform factors constructed using the OLD transforma-
tion codes. In contrast, since prices are being forecasted in Table 7, the latter effect has a direct 
impact and thus seems likely to have played an important role.
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In terms of which factors are most useful for forecasting, there is a bit more heterogeneity 
when forecasting prices. In Table 6, nearly every top 10 model had at least Factors 1 or 2 based 
on either the OLD or NEW transformation codes. While it is the case that a majority of the 
top 10 models in Table 7 contain Factors 1 or 2, some of the best models include neither 
Factors 1 or 2 and instead include Factors 4 or 5—this is particularly true when forecasting 
PPI for either forecasting horizon. Nevertheless, it remains true that many of the top 10 models 
contain more than just one or two factors and, in fact, several include as many as five or six 
factors.

7 CONCLUSION
As was the case for FRED-MD, the purpose of introducing FRED-QD is to provide easy 

access to a large set of macroeconomic data that can be used to conduct research using “big-
data” methods. The primary difference between the two datasets is simply that FRED-QD 
provides quarterly frequency data and, as such, permits the inclusion of lower-frequency series 
such as those from the NIPA releases. Regardless of this difference, like FRED-MD, the data-
set has been—and will continue to be—updated by the data specialists at FRED® on a regular 
basis to account for newly released data, data revisions, and other complicating issues that 
sporadically arise with data collection. We (again!) sincerely thank them for their support in 
this work. n

APPENDIX 
FRED-QD is a quarterly frequency companion to FRED-MD. It is designed to emulate 

the dataset used in Stock and Watson (2012a) but also contains several additional series. The 
columns in Table A1 denote the following: (i) “ID” denotes the series number; (ii) “S&W ID” 
denotes the series number in Stock and Watson (2012a); (iii) TCODE denotes one of the fol-
lowing data transformations for a series x: (1) no transformation, (2) Δxt, (3) Δ2xt, (4) log(xt), 
(5) Δlog(xt), (6) Δ2log(xt), and (7) Δ(xt/xt –1 –1.0); (iv) “S&W factors” denotes whether a series 
was used in Stock and Watson (2012a) when constructing factors (i.e., 1 is yes and 0 is no); 
(v) “FRED® mnemonic” denotes the mnemonic we use for the dataset; (vi) “S&W mnemonic” 
denotes the mnemonic used in Stock and Watson (2012a); and (vii) “Description” gives a brief 
definition of the series. The series are loosely grouped based on Stock and Watson (2012a).

Details on construction of the data will be forthcoming, but a few general comments are 
in order. First, if the FRED® mnemonic does not end in “x,” then the series comes directly from 
the FRED® data service (e.g., PCECC96 is real PCE). Otherwise, the series is a modified variant 
of a series from FRED® (e.g., PCDGx is nominal PCE durables, which is manually deflated 
using the PCE price index). The exception to this rule is the S&P data, which is taken from 
public sources. Lastly, monthly frequency series are aggregated to a quarterly frequency using 
averages.
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Table A1A
Group 1: NIPA

Number ID # S&W  
ID # TCODE S&W  

factors
FRED®  

mnemonic
S&W  

mnemonic Description

1 1 1 5 0 GDPC1 GDP Real GDP, 3 decimal (billions of chained 2012 
dollars)

2 2 2 5 0 PCECC96 Consumption Real PCE (billions of chained 2012 dollars)

3 3 3 5 1 PCDGx Cons:Dur Real PCE expenditures: durable goods (billions 
of chained 2012 dollars), deflated using PCE

4 4 4 5 1 PCESVx Cons:Svc Real PCE: services (billions of 2012 dollars), 
deflated using PCE

5 5 5 5 1 PCNDx Cons:NonDur Real PCE: nondurable goods (billions of 2012 
dollars), deflated using PCE

6 6 6 5 0 GPDIC1 Investment Real gross private domestic investment,  
3 decimal (billions of chained 2012 dollars)

7 7 7 5 0 FPIx FixedInv Real private fixed investment (billions of 
chained 2012 dollars), deflated using PCE

8 8 8 5 1 Y033RC1Q027SBEAx Inv:Equip&Software
Real gross private domestic investment: fixed 
investment: nonresidential: equipment (billions 
of chained 2012 dollars), deflated using PCE

9 9 9 5 1 PNFIx FixInv:NonRes
Real private fixed investment: nonresidential 
(billions of chained 2012 dollars), deflated 
using PCE

10 10 10 5 1 PRFIx FixedInv:Res
Real private fixed investment: residential  
(billions of chained 2012 dollars), deflated 
using PCE

11 11 11 1 1 A014RE1Q156NBEA Inv:Inventories Shares of GDP: gross private domestic invest-
ment: change in private inventories (percent)

12 12 12 5 0 GCEC1 Gov.Spending
Real government consumption expenditures 
and gross investment (billions of chained 2012 
dollars)

13 13 13 1 1 A823RL1Q225SBEA Gov:Fed
Real government consumption expenditures 
and gross investment: federal (percent change 
from preceding period)

14 14 14 5 1 FGRECPTx Real Gov Receipts
Real federal government current receipts  
(billions of chained 2012 dollars), deflated 
using PCE

15 15 15 5 1 SLCEx Gov:State&Local
Real government state and local consumption 
expenditures (billions of chained 2012 dollars), 
deflated using PCE

16 16 16 5 1 EXPGSC1 Exports Real exports of goods and services, 3 decimal 
(billions of chained 2012 dollars)

17 17 17 5 1 IMPGSC1 Imports Real imports of goods and services, 3 decimal 
(billions of chained 2012 dollars)

18 18 18 5 0 DPIC96 Disp-Income Real disposable personal income (billions of 
chained 2012 dollars)

19 19 19 5 0 OUTNFB Ouput:NFB Nonfarm business sector: real output (index: 
2009 = 100)

20 20 20 5 0 OUTBS Output:Bus Business sector: real output (index: 2009 = 100)

21 21 21 5 0 OUTMS Output:Manuf Manufacturing sector: real output (index:  
2009 = 100)

22 190 NA 2 0 B020RE1Q156NBEA Shares of GDP: exports of goods and services 
(percent)

23 191 NA 2 0 B021RE1Q156NBEA Shares of GDP: imports of goods and services 
(percent)
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Table A1B
Group 2: Industrial Production (IP)

Number ID # S&W  
ID # TCODE S&W  

factors
FRED®  

mnemonic
S&W  

mnemonic Description

1 22 22 5 0 INDPRO IP:Total index IP index (index: 2012 = 100)

2 23 23 5 0 IPFINAL IP:Final products IP: final products (market group) (index:  
2012 = 100)

3 24 24 5 0 IPCONGD IP:Consumer goods IP: consumer goods (index: 2012 = 100)

4 25 25 5 0 IPMAT IP:Materials IP: materials (index: 2012 = 100)

5 26 26 5 1 IPDMAT IP:Dur gds materials IP: durable materials (index: 2012 = 100)

6 27 27 5 1 IPNMAT IP:Nondur gds mate-
rials

IP: nondurable goods materials (index:  
2012 = 100)

7 28 28 5 1 IPDCONGD IP:Dur Cons. Goods IP: durable consumer goods (index: 2012 = 100)

8 29 29 5 1 IPB51110SQ IP:Auto IP: auto (index: 2012 = 100)

9 30 30 5 1 IPNCONGD IP:NonDur Cons God IP: nondurable consumer goods (index:  
2012 = 100)

10 31 31 5 1 IPBUSEQ IP:Bus Equip IP: business equipment (index: 2012 = 100)

11 32 32 5 1 IPB51220SQ IP:Energy Prds IP: energy products (index: 2012 = 100)

12 33 33 1 1 TCU Capu Tot Capacity utilization: total industry (SIC)  
(percent of capacity)

13 34 34 1 1 CUMFNS Capu Man. Capacity utilization: manufacturing (SIC)  
(percent of capacity)

14 194 NA 5 0 IP: manufacturing (SIC) (index: 2012 = 100)

15 195 NA 5 0 IP: residential utilities (index: 2012 = 100)

16 196 NA 5 0 IP: fuels (index: 2012 = 100)
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Table A1C
Group 3: Employment and Unemployment

Number ID # S&W  
ID # TCODE S&W  

factors
FRED®  

mnemonic
S&W  

mnemonic Description

1 35 35 5 0 PAYEMS Emp:Nonfarm All employees: total nonfarm (thousands of 
persons)

2 36 36 5 0 USPRIV Emp:Private All employees: total private industries  
(thousands of persons)

3 37 37 5 0 MANEMP Emp:mfg All employees: manufacturing (thousands of 
persons)

4 38 38 5 0 SRVPRD Emp:Services All employees: service-providing industries 
(thousands of persons)

5 39 39 5 0 USGOOD Emp:Goods All employees: goods-producing industries 
(thousands of persons)

6 40 40 5 1 DMANEMP Emp:DurGoods All employees: durable goods (thousands of 
persons)

7 41 41 5 0 NDMANEMP Emp:Nondur Goods All employees: nondurable goods (thousands 
of persons)

8 42 42 5 1 USCONS Emp:Const All employees: construction (thousands of 
persons)

9 43 43 5 1 USEHS Emp:Edu&Health All employees: education and health services 
(thousands of persons)

10 44 44 5 1 USFIRE Emp:Finance All employees: financial activities (thousands 
of persons)

11 45 45 5 1 USINFO Emp:Infor All employees: information services (thousands 
of persons)

12 46 46 5 1 USPBS Emp:Bus Serv All employees: professional and business  
services (thousands of persons)

13 47 47 5 1 USLAH Emp:Leisure All employees: leisure and hospitality  
(thousands of persons)

14 48 48 5 1 USSERV Emp:OtherSvcs All employees: other services (thousands of 
persons)

15 49 49 5 1 USMINE Emp:Mining/NatRes All employees: mining and logging (thousands 
of persons)

16 50 50 5 1 USTPU Emp:Trade&Trans All employees: trade, transportation, and  
utilities (thousands of persons)

17 51 51 5 0 USGOVT Emp:Gov All employees: government (thousands of 
persons)

18 52 52 5 1 USTRADE Emp:Retail All employees: retail trade (thousands of  
persons)

19 53 53 5 1 USWTRADE Emp:Wholesal All employees: wholesale trade (thousands of 
persons)

20 54 54 5 1 CES9091000001 Emp:Gov(Fed) All employees: government: federal (thousands 
of persons)

21 55 55 5 1 CES9092000001 Emp:Gov (State) All employees: government: state government 
(thousands of persons)

22 56 56 5 1 CES9093000001 Emp:Gov (Local) All employees: government: local government 
(thousands of persons)

23 57 57 5 0 CE16OV Emp:Total (HHSurve) Civilian employment (thousands of persons)

24 58 58 2 0 CIVPART LF Part Rate Civilian labor force participation rate (percent)

25 59 59 2 0 UNRATE Unemp Rate Civilian unemployment rate (percent)

Continued on next page
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Table A1C, cont'd
Group 3: Employment and Unemployment

Number ID # S&W  
ID # TCODE S&W  

factors
FRED®  

mnemonic
S&W  

mnemonic Description

26 60 60 2 0 UNRATESTx Urate_ST Unemployment rate for less than 27 weeks of 
unemployment (percent)

27 61 61 2 0 UNRATELTx Urate_LT Unemployment rate for more than 27 weeks of 
unemployment (percent)

28 62 62 2 1 LNS14000012 Urate:Age16-19 Unemployment rate: ages 16 to 19 (percent)

29 63 63 2 1 LNS14000025 Urate:Age>20 Men Unemployment rate: age 20 and over, men 
(percent)

30 64 64 2 1 LNS14000026 Urate:Age>20 
Women

Unemployment rate: age 20 and over, women 
(percent)

31 65 65 5 1 UEMPLT5 U:Dur<5wks Number of civilians unemployed less than  
5 weeks (thousands of persons)

32 66 66 5 1 UEMP5TO14 U:Dur5-14wks Number of civilians unemployed 5 to 14 weeks 
(thousands of persons)

33 67 67 5 1 UEMP15T26 U:dur>15-26wks Number of civilians unemployed 15 to 26 
weeks (thousands of persons)

34 68 68 5 1 UEMP27OV U:Dur>27wks Number of civilians unemployed 27 weeks or 
over (thousands of persons)

35 69 69 5 1 LNS13023621 U:Job losers Unemployment level: job losers (thousands of 
persons)

36 70 70 5 1 LNS13023557 U:LF Reenty Unemployment level: reentrants to labor force 
(thousands of persons)

37 71 71 5 1 LNS13023705 U:Job Leavers Unemployment level: job leavers (thousands 
of persons)

38 72 72 5 1 LNS13023569 U:New Entrants Unemployment level: new entrants (thousands 
of persons)

39 73 73 5 1 LNS12032194 Emp:SlackWk Employment level: part-time for economic  
reasons, all industries (thousands of persons)

40 74 74 5 0 HOABS EmpHrs:Bus Sec Business sector: hours of all persons (index: 
2009 = 100)

41 75 75 5 0 HOAMS EmpHrs:mfg Manufacturing sector: hours of all persons 
(index: 2009 = 100)

42 76 76 5 0 HOANBS EmpHrs:nfb Nonfarm business sector: hours of all persons 
(index: 2009 = 100)

43 77 77 1 1 AWHMAN AWH Man Average weekly hours of production and non-
supervisory employees: manufacturing (hours)

44 78 78 2 1 AWHNONAG AWH Privat Average weekly hours of production and non-
supervisory employees: total private (hours)

45 79 79 2 1 AWOTMAN AWH Overtime
Average weekly overtime hours of production 
and nonsupervisory employees: manufacturing 
(hours)

46 80 80 1 0 HWIx HelpWnted Help-wanted index

47 197 NA 2 0 UEMPMEAN Average (mean) duration of unemployment 
(weeks)

48 198 NA 2 0 CES0600000007 Average weekly hours of production and non-
supervisory employees: goods producing

49 220 NA 2 0 HWIURATIOx Ratio of help wanted to number unemployed

50 221 NA 5 0 CLAIMSx Initial claims
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Table A1D
Group 4: Housing

Number ID # S&W  
ID # TCODE S&W  

factors
FRED®  

mnemonic
S&W  

mnemonic Description

1 81 81 5 0 HOUST Hstarts Housing starts: total: new privately owned 
housing units started (thousands of units)

2 82 82 5 0 HOUST5F Hstarts >5units Privately owned housing starts: 5-unit structures 
or more (thousands of units)

3 83 83 5 1 PERMIT Hpermits New private housing units authorized by  
building permits (thousands of units)

4 84 84 5 1 HOUSTMW Hstarts:MW Housing starts in Midwest census region  
(thousands of units)

5 85 85 5 1 HOUSTNE Hstarts:NE Housing starts in Northeast census region 
(thousands of units)

6 86 86 5 1 HOUSTS Hstarts:S Housing starts in South census region  
(thousands of units)

7 87 87 5 1 HOUSTW Hstarts:W Housing starts in West census region  
(thousands of units)

8 179 190 5 1 USSTHPI Real Hprice:OFHEO All-transactions house price index for the 
United States (index: 1980:Q1 = 100)

9 180 191 5 1 SPCS10RSA Real CS_10 S&P/Case-Shiller 10-City Composite Home Price 
Index (index: January 2000 = 100)

10 181 192 5 1 SPCS20RSA Real CS_20 S&P/Case-Shiller 20-City Composite Home Price 
Index (index: January 2000 = 100)

11 227 NA 5 0 PERMITNE
New private housing units authorized by  
building permits in the Northeast census 
region (thousands, SAAR)

12 228 NA 5 0 PERMITMW
New private housing units authorized by 
building permits in the Midwest census region 
(thousands, SAAR)

13 229 NA 5 0 PERMITS
New private housing units authorized by  
building permits in the South census region 
(thousands, SAAR)

14 230 NA 5 0 PERMITW
New private housing units authorized by  
building permits in the West census region 
(thousands, SAAR)

NOTE: SAAR, seasonally adjusted annual rate.
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Table A1E
Group 5: Inventories, Orders, and Sales

Number ID # S&W  
ID # TCODE S&W  

factors
FRED®  

mnemonic
S&W  

mnemonic Description

1 88 89 5 0 CMRMTSPLx MT Sales Real manufacturing and trade industries sales 
(millions of chained 2012 dollars)

2 89 90 5 1 RSAFSx Ret. Sale Real retail and food services sales (millions of 
chained 2012 dollars), deflated by core PCE

3 90 91 5 1 AMDMNOx Orders(DurMfg) Real manufacturers' new orders: durable goods 
(millions of 2012 dollars), deflated by core PCE

4 91 92 5 1 ACOGNOx Orders(Cons 
Goods/Mat.)

Real value of manufacturers' new orders for 
consumer goods industries (millions of 2012 
dollars), deflated by core PCE 

5 92 93 5 1 AMDMUOx UnfOrders(DurGds)
Real value of manufacturers' unfilled orders for 
durable goods industries (millions of 2012  
dollars), deflated by core PCE 

6 93 94 5 1 ANDENOx Orders(NonDefCap)

Real value of manufacturers' new orders for 
capital goods: nondefense capital goods  
industries (millions of 2012 dollars), deflated by 
core PCE 

7 94 96 5 1 INVCQRMTSPL MT Invent Real manufacturing and trade inventories  
(millions of 2012 dollars)

8 222 NA 5 0 BUSINVx Total business inventories (millions of dollars)

9 223 NA 2 0 ISRATIOx Total business: inventories-to-sales ratio
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Table A1F
Group 6: Prices

Number ID # S&W  
ID # TCODE S&W  

factors
FRED®  

mnemonic
S&W  

mnemonic Description

1 95 97 6 0 PCECTPI PCED PCE: chain-type price index (index: 2009 = 100)

2 96 98 6 0 PCEPILFE PCED_LFE PCE excluding food and energy (chain-type 
price index) (index: 2009 = 100)

3 97 99 6 0 GDPCTPI GDP Defl GDP: chain-type price index (index: 2009 = 100)

4 98 100 6 1 GPDICTPI GPDI Defl Gross private domestic investment: chain-type 
price index (index: 2009 = 100)

5 99 101 6 1 IPDBS BusSec Defl Business sector: implicit price deflator (index: 
2009 = 100)

6 100 102 6 0 DGDSRG3Q086SBEA PCED_Goods PCE: goods (chain-type price index)

7 101 103 6 0 DDURRG3Q086SBEA PCED_DurGoods PCE: durable goods (chain-type price index)

8 102 104 6 0 DSERRG3Q086SBEA PCED_Serv PCE: services (chain-type price index)

9 103 105 6 0 DNDGRG3Q086SBEA PCED_NDurGoods PCE: Nondurable goods (chain-type price 
index)

10 104 106 6 0 DHCERG3Q086SBEA PCED_
HouseholdServ.

PCE: services: household consumption  
expenditures (chain-type price index)

11 105 107 6 1 DMOTRG3Q086SBEA PCED_MotorVec PCE: durable goods: motor vehicles and parts 
(chain-type price index)

12 106 108 6 1 DFDHRG3Q086SBEA PCED_DurHousehold PCE: durable goods: furnishings and durable 
household equipment (chain-type price index)

13 107 109 6 1 DREQRG3Q086SBEA PCED_Recreation PCE: durable goods: recreational goods and 
vehicles (chain-type price index)

14 108 110 6 1 DODGRG3Q086SBEA PCED_OthDurGds PCE: durable goods: other durable goods 
(chain-type price index)

15 109 111 6 1 DFXARG3Q086SBEA PCED_Food_Bev
PCE: nondurable goods: food and beverages 
purchased for off-premises consumption 
(chain-type price index)

16 110 112 6 1 DCLORG3Q086SBEA PCED_Clothing PCE: nondurable goods: clothing and footwear 
(chain-type price index)

17 111 113 6 1 DGOERG3Q086SBEA PCED_Gas_Enrgy PCE: nondurable goods: gasoline and other 
energy goods (chain-type price index)

18 112 114 6 1 DONGRG3Q086SBEA PCED_OthNDurGds PCE: nondurable goods: other nondurable 
goods (chain-type price index)

19 113 115 6 1 DHUTRG3Q086SBEA PCED_Housing-
Utilities

PCE: services: housing and utilities (chain-type 
price index)

20 114 116 6 1 DHLCRG3Q086SBEA PCED_HealthCare PCE: services: health care (chain-type price 
index)

21 115 117 6 1 DTRSRG3Q086SBEA PCED_TransSvg PCE: transportation services (chain-type price 
index)

  22 116 118 6 1 DRCARG3Q086SBEA PCED_RecServices PCE: recreation services (chain-type price 
index)

23 117 119 6 1 DFSARG3Q086SBEA PCED_FoodServ_
Acc.

PCE: services: food services and accommoda-
tions (chain-type price index)

24 118 120 6 1 DIFSRG3Q086SBEA PCED_FIRE PCE: financial services and insurance (chain-
type price index)

25 119 121 6 1 DOTSRG3Q086SBEA PCED_OtherServices PCE: other services (chain-type price index)

Continued on next page
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Table A1F, cont'd
Group 6: Prices

Number ID # S&W  
ID # TCODE S&W  

factors
FRED®  

mnemonic
S&W  

mnemonic Description

26 120 122 6 0 CPIAUCSL CPI CPI for all urban consumers: all items (index: 
1982-84=100)

27 121 123 6 0 CPILFESL CPI_LFE CPI for all urban consumers: all items less food 
and energy (index: 1982-84 = 100)

28 122 124 6 0 WPSFD49207 PPI:FinGds PPI by commodity for finished goods (index: 
1982 = 100)

29 123 125 6 0 PPIACO PPI PPI for all commodities (index: 1982 = 100)

30 124 126 6 1 WPSFD49502 PPI:FinConsGds PPI by commodity for finished consumer goods 
(index: 1982 = 100)

31 125 127 6 1 WPSFD4111 PPI:FinConsGds 
(Food)

PPI by commodity for finished consumer foods 
(index: 1982 = 100)

32 126 128 6 1 PPIIDC PPI:IndCom PPI by commodity industrial commodities 
(index: 1982 = 100)

33 127 129 6 1 WPSID61 PPI:IntMat PPI by commodity intermediate materials:  
supplies and components (index: 1982 = 100)

34 128 133 5 1 WPU0531 Real Price:NatGas PPI by commodity for fuels and related products 
and power: natural gas (Index: 1982 = 100)

35 129 134 5 1 WPU0561 Real Price:Oil
PPI by commodity for fuels and related products 
and power: crude petroleum (domestic  
production) (index: 1982 = 100)

36 130 135 5 0 OILPRICEx Real Crudeoil Price
Real crude oil prices: West Texas Intermediate 
(WTI) Cushing, Oklahoma (2012 dollars per  
barrel), deflated by core PCE

37 205 NA 6 0 WPSID62 PPI: Crude materials for further processing 
(index: 1982 = 100)

38 206 NA 6 0 PPICMM PPI: Commodities: metals and metal products: 
primary nonferrous metals (index: 1982 = 100)

39 207 NA 6 0 CPIAPPSL CPI for all urban consumers: apparel (index: 
1982-84 = 100)

40 208 NA 6 0 CPITRNSL CPI for all urban consumers: transportation 
(index: 1982-84 = 100)

41 209 NA 6 0 CPIMEDSL CPI for all urban consumers: medical care 
(index: 1982-84 = 100)

42 210 NA 6 0 CUSR0000SAC CPI for all urban consumers: commodities 
(index: 1982-84 = 100)

43 211 NA 6 0 CUSR0000SAD CPI for all urban consumers: durables (index: 
1982-84=100)

44 212 NA 6 0 CUSR0000SAS CPI for all urban consumers: services (index: 
1982-84=100)

45 213 NA 6 0 CPIULFSL CPI for all urban consumers: all items less food 
(index: 1982-84 = 100)

46 214 NA 6 0 CUSR0000SA0L2 CPI for all urban consumers: all items less shelter 
(index: 1982-84 = 100)

47 215 NA 6 0 CUSR0000SA0L5 CPI for all urban consumers: all items less  
medical care (index: 1982-84 = 100)

48 233 NA 6 0 CUSR0000SEHC CPI for all urban consumers: owners' equivalent 
rent of residences (index: December 1982 = 100)
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Table A1G
Group 7: Earning and Productivity

Number ID # S&W  
ID # TCODE S&W  

factors
FRED®  

mnemonic
S&W  

mnemonic Description

1 131 136 5 0 AHETPIx Real AHE:PrivInd
Real average hourly earnings of production and 
nonsupervisory employees: total private  
(2012 dollars per hour), deflated by core PCE

2 132 137 5 0 CES2000000008x Real AHE:Const
Real average hourly earnings of production and 
nonsupervisory employees: construction  
(2012 dollars per hour), deflated by core PCE

3 133 138 5 0 CES3000000008x Real AHE:MFG
Real average hourly earnings of production 
and nonsupervisory employees: manufacturing 
(2012 dollars per hour), deflated by core PCE

4 134 139 5 1 COMPRMS CPH:Mfg Manufacturing sector: real compensation per 
hour (index: 2012 = 100)

5 135 140 5 1 COMPRNFB CPH:NFB Nonfarm business sector: real compensation 
per hour (index: 2012 = 100)

6 136 141 5 1 RCPHBS CPH:Bus Business sector: real compensation per hour 
(index: 2012 = 100)

7 137 142 5 1 OPHMFG OPH:mfg Manufacturing sector: real output per hour of 
all persons (index: 2012 = 100)

8 138 143 5 1 OPHNFB OPH:nfb Nonfarm business sector: real output per hour 
of all persons (index: 2012 = 100)

9 139 144 5 0 OPHPBS OPH:Bus Business sector: real output per hour of all  
persons (index: 2012 = 100)

10 140 145 5 0 ULCBS ULC:Bus Business sector: unit labor cost  
(index: 2012 = 100)

11 141 146 5 1 ULCMFG ULC:Mfg Manufacturing sector: unit labor cost  
(index: 2012 = 100)

12 142 147 5 1 ULCNFB ULC:NFB Nonfarm business sector: unit labor cost  
(index: 2012=100)

13 143 148 5 1 UNLPNBS UNLPay:nfb Nonfarm business sector: unit nonlabor  
payments (index: 2012 = 100)

14 216 NA 6 0 CES0600000008
Average hourly earnings of production and 
nonsupervisory employees: goods producing 
(dollars per hour)
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Table A1H
Group 8: Interest Rates

Number ID # S&W  
ID # TCODE S&W  

factors
FRED®  

mnemonic
S&W  

mnemonic Description

1 144 149 2 1 FEDFUNDS FedFunds Effective federal funds rate (percent)

2 145 150 2 1 TB3MS TB-3Mth 3-Month Treasury bill (T-bill): secondary market 
rate (percent)

3 146 151 2 0 TB6MS TM-6MTH 6-Month T-bill: secondary market rate (percent)

4 147 153 2 0 GS1 TB-1YR 1-Year Treasury constant maturity rate (percent)

5 148 154 2 0 GS10 TB-10YR 10-Year Treasury constant maturity rate (percent)

6 149 155 2 0 MORTGAGE30US Mort-30Yr 30-Year conventional mortgage rate (percent)

7 150 156 2 0 AAA AAA Bond Moody's Seasoned Aaa Corporate Bond Yield© 
(percent)

8 151 157 2 0 BAA BAA Bond Moody's Seasoned Baa Corporate Bond Yield© 
(percent)

9 152 158 1 1 BAA10YM BAA_GS10
Moody's Seasoned Baa Corporate Bond Yield 
relative to yield on 10-year Treasury constant 
maturity (percent)

10 153 159 1 1 MORTG10YRx MRTG_GS10 30-Year conventional mortgage rate relative to 
10-year Treasury constant maturity (percent)

11 154 160 1 1 TB6M3Mx tb6m_tb3m 6-Month T-bill minus 3-month T-bill, secondary 
market (percent)

12 155 161 1 1 GS1TB3Mx GS1_tb3m 1-Year Treasury constant maturity minus 
3-month T-bill, secondary market (percent)

13 156 162 1 1 GS10TB3Mx GS10_tb3m 10-Year Treasury constant maturity minus 
3-month T-bill, secondary market (percent)

14 157 163 1 1 CPF3MTB3Mx CP_Tbill Spread 3-Month commercial paper minus 3-month 
T-bill, secondary market (percent)

15 201 NA 2 0 GS5 5-Year Treasury constant maturity rate

16 202 NA 1 0 TB3SMFFM 3-Month Treasury constant maturity minus 
federal funds rate

17 203 NA 1 0 T5YFFM 5-Year Treasury constant maturity minus  
federal funds rate

18 204 NA 1 0 AAAFFM Moody's Seasoned Aaa Corporate Bond minus 
federal funds rate

19 225 NA 2 0 CP3M 3-Month AA financial commercial paper rate

20 226 NA 1 0 COMPAPFF 3-Month commercial paper minus federal 
funds rate
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Table A1I
Group 9: Money and Credit

Number ID # S&W  
ID # TCODE S&W  

factors
FRED®  

mnemonic
S&W  

mnemonic Description

1 158 167 5 0 AMBSLREAL Real Mbase St. Louis adjusted monetary base (millions of 
1982-84 dollars), deflated by CPI

2 159 168 5 0 IMFSLx Real InsMMF Real institutional money funds (billions of 2012 
dollars), deflated by core PCE

3 160 169 5 0 M1REAL Real m1 Real M1 money stock (billions of 1982-84  
dollars), deflated by CPI

4 161 170 5 0 M2REAL Real m2 Real M2 money stock (billions of 1982-84 dollars), 
deflated by CPI

5 162 171 5 0 MZMREAL Real mzm Real MZM money stock (billions of 1982-84  
dollars), deflated by CPI

6 163 172 5 1 BUSLOANSx Real C&Lloand
Real commercial and industrial loans, all  
commercial banks (billions of 2012 dollars), 
deflated by core PCE 

7 164 173 5 1 CONSUMERx Real ConsLoans Real consumer loans at all commercial banks 
(billions of 2012 dollars), deflated by core PCE 

8 165 174 5 1 NONREVSLx Real NonRevCredit
Total real nonrevolving credit owned and  
securitized, outstanding (billions of 2012  
dollars), deflated by core PCE 

9 166 175 5 1 REALLNx Real LoansRealEst Real real estate loans, all commercial banks  
(billions of 2012 dollars), deflated by core PCE 

10 167 176 5 1 REVOLSLx Real RevolvCredit
Total real revolving credit owned and 
securitized, outstanding (billions of 2012  
dollars), deflated by core PCE 

11 168 177 5 0 TOTALSLx Real ConsuCred Total consumer credit outstanding (billions of 
2012 dollars), deflated by core PCE 

12 169 178 1 1 DRIWCIL FRBSLO_Consumers

Federal Reserve Bank Senior Loans Officer 
Opinion Survey: net percentage of domestic 
respondents reporting increased willingness to 
make consumer installment loans

13 199 NA 6 0 TOTRESNS Total reserves of depository institutions (bil-
lions of dollars)

14 200 NA 7 0 NONBORRES Reserves of depository institutions, nonbor-
rowed (millions of dollars)

15 217 NA 6 0 DTCOLNVHFNM
Consumer motor vehicle loans outstanding 
owned by finance companies (millions of  
dollars)

16 218 NA 6 0 DTCTHFNM
Total consumer loans and leases outstanding 
owned and securitized by finance companies 
(millions of dollars)

17 219 NA 6 0 INVEST Securities in bank credit at all commercial 
banks (billions of dollars)
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Table A1J
Group 10: Household Balance Sheets

Number ID # S&W  
ID # TCODE S&W  

factors
FRED®  

mnemonic
S&W  

mnemonic Description

1 170 179 5 0 TABSHNOx Real HHW:TASA
Real total assets of households and nonprofit 
organizations (billions of 2012 dollars), deflated 
by core PCE

2 171 181 5 1 TLBSHNOx Real HHW:LiabSA
Real total liabilities of households and non-
profit organizations (billions of 2012 dollars), 
deflated by core PCE

3 172 182 5 0 LIABPIx liab_PDISA
Liabilities of households and nonprofit organi-
zations relative to personal disposable income 
(percent)

4 173 183 5 1 TNWBSHNOx Real HHW:WSA
Real net worth of households and nonprofit 
organizations (billions of 2012 dollars), deflated 
by core PCE

5 174 184 1 0 NWPIx W_PDISA
Net worth of households and nonprofit organi-
zations relative to disposable personal income 
(percent)

6 175 185 5 1 TARESAx Real HHW:TA_RESA
Real assets of households and nonprofit organi-
zations excluding real estate assets (billions of 
2012 dollars), deflated by core PCE

7 176 186 5 1 HNOREMQ027Sx Real HHW:RESA
Real estate assets of households and nonprofit 
organizations (billions of 2012 dollars), deflated 
by core PCE

8 177 188 5 1 TFAABSHNOx Real HHW:FinSA
Real total financial assets of households and 
nonprofit organizations (billions of 2012  
dollars), deflated by core PCE

9 224 NA 2 0 CONSPIx Nonrevolving consumer credit to personal 
income



McCracken and Ng

Federal Reserve Bank of St. Louis REVIEW First Quarter 2021      39

Table A1K
Group 11: Exchange Rates

Number ID # S&W  
ID # TCODE S&W  

factors
FRED®  

mnemonic
S&W  

mnemonic Description

1 182 193 5 1 TWEXMMTH Ex rate:major Trade weighted U.S. dollar index: major  
currencies (index: March 1973 = 100)

2 183 194 5 1 EXUSEU Ex rate:Euro U.S./euro foreign exchange rate (U.S. dollars to 
one euro)

3 184 195 5 1 EXSZUSx Ex rate:Switz Switzerland/U.S. foreign exchange rate

4 185 196 5 1 EXJPUSx Ex rate:Japan Japan/U.S. foreign exchange rate

5 186 197 5 1 EXUSUKx Ex rate:UK U.S./U.K. foreign exchange rate

6 187 198 5 1 EXCAUSx EX rate:Canada Canada/U.S. foreign exchange rate

Table A1L
Group 12: Other

Number ID # S&W  
ID # TCODE S&W  

factors
FRED®  

mnemonic
S&W  

mnemonic Description

1 188 199 1 1 UMCSENTx Cons. Expectations University of Michigan: Consumer Sentiment 
(Index 1966:Q1 = 100) 

2 189 200 2 1 USEPUINDXM PolicyUncertainty Economic Policy Uncertainty Index for United 
States 

Table A1M
Group 13: Stock Markets

Number ID # S&W  
ID # TCODE S&W  

factors
FRED®  

mnemonic
S&W  

mnemonic Description

1 178 189 1 1 VXOCLSx VXO CBOE S&P 100 Volatility Index: VXO

2 231 NA 5 0 NIKKEI225 Nikkei stock average

3 232 NA 5 0 NASDAQCOM NASDAQ composite (index: Feb. 5, 1971 = 100)

4 245 180 5 0 S&P 500 S&P’s Common Stock Price Index: composite

5 246 NA 5 0 S&P: indust S&P’s Common Stock Price Index: industrials

6 247 NA 2 0 S&P div yield S&P’s composite common stock: dividend yield

7 248 NA 5 0 S&P PE ratio S&P’s composite common stock: price-earnings 
ratio
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Table A1N
Group 14: Non-Household Balance Sheets

Number ID # S&W  
ID # TCODE S&W  

factors
FRED®  

mnemonic
S&W  

mnemonic Description

1 192 NA 2 0 GFDEGDQ188S Federal debt: total public debt as percent of 
GDP (percent)

2 193 NA 2 0 GFDEBTNx Real federal debt: total public debt (millions of 
2012 dollars), deflated by PCE

3 234 NA 5 0 TLBSNNCBx
Real nonfinancial corporate business sector 
liabilities (billions of 2012 dollars), deflated by 
implicit price deflator for business sector IPDBS

4 235 NA 1 0 TLBSNNCBBDIx Nonfinancial corporate business sector liabilities 
to disposable business income (percent)

5 236 NA 5 0 TTAABSNNCBx
Real nonfinancial corporate business sector 
assets (billions of 2012 dollars), deflated by 
implicit price deflator for business sector IPDBS 

6 237 NA 5 0 TNWMVBSNNCBx
Real nonfinancial corporate business sector 
net worth (billions of 2012 dollars), deflated by 
implicit price deflator for business sector IPDBS 

7 238 NA 2 0 TNWMVBSNNCBBDIx Nonfinancial corporate business sector net 
worth to disposable business income (percent)

8 239 NA 5 0 TLBSNNBx
Real nonfinancial noncorporate business sector 
liabilities (billions of 2012 dollars), deflated by 
implicit price deflator for business sector IPDBS

9 240 NA 1 0 TLBSNNBBDIx Nonfinancial noncorporate business sector lia-
bilities to disposable business income (percent)

10 241 NA 5 0 TABSNNBx
Real nonfinancial noncorporate business sector 
assets (billions of 2012 dollars), deflated by 
implicit price deflator for business sector IPDBS

11 242 NA 5 0 TNWBSNNBx
Real nonfinancial noncorporate business sector 
net worth (billions of 2012 dollars), deflated by 
implicit price deflator for business sector IPDBS

12 243 NA 2 0 TNWBSNNBBDIx Nonfinancial noncorporate business sector net 
worth to disposable business income (percent)

13 244 NA 5 0 CNCFx

Real disposable business income, billions of 
2012 dollars (corporate cash flow with IVA minus 
taxes on corporate income, deflated by implicit 
price deflator for business sector IPDBS)
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NOTES
1 FRED-QD does not contain 10 series that are in the original S&W dataset. Using the S&W numbering system, these 

are #88 (construction contracts), #130 (index of sensitive materials prices), #131 (spot market price index of com-
modities), #165 and #166 (measures of credit spreads and excess bond premia, respectively, developed in Gilchrist 
and Zakrajsek, 2012), #95 and #132 (ISM index of supplier deliveries and ISM commodity price index, respectively), 
#152 and #164 (3-month eurodollar deposit rate and its spread with a 3-month T-bill, respectively), and #187 (Dow 
Jones industrials index). In all but two cases, these are series not available in FRED®. Three-month eurodollar 
deposit rates are in FRED® but are not updated on a regular basis because the source (i.e., the Organisation for 
Economic Co-operation and Development) does not update them regularly. The last of these, #187, has been 
replaced with the S&P 500 Industrials Index.

2 Throughout we focus on factors that are I(0). In contrast, Choi and Jeong (2020) provide theoretical and empirical 
results comparing the forecast accuracy of factors when one has the opportunity to construct them so that they 
are either I(0) or . I(1) In the context of autoregressive models, Diebold and Kilian (2000) provide simulation evi-
dence on a similar issue.

3 The S&P price-to-earnings (PE) ratio and dividend yield are taken from Robert Shiller’s website:  
http://www.econ.yale.edu/~shiller/data.htm. These series are updated less consistently than the other series in 
the dataset. In some idiosyncratic cases, these may be missing for a longer sequence of vintages.

4 The data are currently posted on Mark Watson’s website: https://www.princeton.edu/~mwatson/publi.html.

5 See Section 4 for further discussion.

6 The dominant factors are almost identical when the missing values are imputed using the method in Bai and Ng 
(2019a).

7 The factors have been multiplied by –1 where necessary to make the two estimates positively correlated.

8 These differ from the concept of an influential observation. An observation is influential if its inclusion substan-
tially changes the parameter estimates. See Chatterjee and Hadi (1986) and Rousseeuw and Zomeren (1990).

9 For the S&W data, these are REVOLSL, WPU0561, PPIDC, PPITM, CES9091000001, and CONSUMER. For the subset 
of FRED-QD data, PPITM is replaced by WPSID61.

10 The dates associated with these outliers, many of which are recessions, also makes the exogeneity of these events 
questionable.

11 In unreported results we chose lag lengths based on the sequential t-test (Seq.t), as described in Ng and Perron 
(1995). The results were very similar to those for the MAIC, and hence we do not report them, for brevity.

12 We omit nonborrowed reserves from these figures because it is the only series with transformation code 7. This 
code exists because nonborrowed reserves, which should be positive, turned negative during the Financial Crisis. 
This precludes the use of transformation code 5.

13 In part we focus on the SIC-based factors because of our intuition on what some transformations “should” be. For 
example, MAIC-based tests recommend treating real GDP as I(2) in log levels. This does not strike us as reasonable.

14 In unreported work, we also considered a weaker 10 percent level of significance. For several of the variables, 
nearly all of the models were included in the model confidence set despite, what appeared to be, substantial  
differences in mean-squared errors.
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A New Daily Federal Funds Rate Series and  
History of the Federal Funds Market, 1928-54 

Sriya Anbil, Mark Carlson, Christopher Hanes, and David C. Wheelock

1 INTRODUCTION

The federal funds rate is the interest rate charged on unsecured, mostly overnight loans 
of funds held by depository institutions and other entities in accounts at the Federal Reserve 
System.1 Since the late 1980s, the Fed has implemented monetary policy primarily by target-
ing the federal funds rate.2 The Fed publishes the standard daily-frequency time series for the 
federal funds rate, which begins in July 1954.3 However, the federal funds market came into 
being long before that, in the 1920s. This article introduces a new daily series for the federal 
funds rate that begins at the earliest possible date, April 1928, and continues to the start of 
the Fed’s series. It is the first published time series of the federal funds rate at any frequency 
for any period prior to July 1954.4 Our series spans the 1929 stock market boom and crash; 

This article describes the origins and development of the federal funds market from its inception in 
the 1920s to the early 1950s. We present a newly digitized daily data series on the federal funds rate 
from April 1928 through June 1954. We compare the behavior of the funds rate with other money 
market interest rates and the Federal Reserve discount rate. Our federal funds rate series will enhance 
the ability of researchers to study an eventful period in U.S. financial history and better understand 
how monetary policy was transmitted to banking and financial markets. For the 1920s-30s, our series 
is the best available measure of the overnight risk-free interest rate, better than the call money rate 
that many studies have used for this purpose. For the 1940s-50s, our series provides new information 
about the transition away from wartime interest rate pegs culminating in the 1951 Treasury-Federal 
Reserve Accord. 
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the Great Depression; the years of recovery from the Great Depression during which, it is 
generally believed, short-term rates were at a zero lower bound; the period of interest rate 
ceilings imposed during World War II; and the lifting of the ceilings with the Treasury-Federal 
Reserve Accord of 1951. We believe that our series will prove useful for future research on 
American financial history, monetary policy, and macroeconomics.  

The federal funds rate series published by the Fed is constructed from reports of federal 
funds transactions provided to the Fed. Our data come from New York City newspapers that 
reported on conditions and rates in American money markets. The New York Herald Tribune 
began regular daily publication of federal funds rate quotes in April 1928, observing that 
“[M]any students of the day-to-day fluctuations of money rates have turned to the current 
quotation for Federal Reserve funds as an indicator of the easiness or tightness of money.... 
[I]t has become a most important rate to be scanned for the information it reveals.”5 The Wall 
Street Journal began to publish daily federal funds rate quotes in June 1932. Our series relies 
on reports from both newspapers.6 

The appendix describes the construction of our series in detail. In the body of the article 
we present figures showing weekly average values of our series. We compare the federal funds 
rate with other money market rates and the Fed discount rate, era by era. To aid interpretation 
of our series we describe developments in the federal funds market from its origins through 
the 1950s and point out a few events apparent in our series that have largely escaped the atten-
tion of existing literature, including an upward move in the overnight rate off the lower bound 
in 1937 and a peculiar relationship between the federal funds rate and Treasury bill rates shortly 
after the end of World War II. We argue that our series is a better measure of the overnight, 
virtually risk-free interest rate than are other series that have been used for that purpose for 
pre-1954 periods, such as the stock exchange call loan rate, which has been widely used for 
the 1920s and early 1930s. 

This article is organized as follows: Section 2 describes the overnight lending market in 
the United States before the founding of the Fed and origins of the federal funds market and 
provides an aside on the Fed’s monetary policy strategy.  Section 3 presents a weekly average 
of our daily funds rate series for 1928-33 and describes the evolution of the market in the con-
text of the stock market boom of 1928-29 and early years of the Great Depression. Section 4 
presents these data for 1933-39, a period that encompassed the recovery from the Depression; 
and Section 5 presents the data for 1940-54, which includes World War II and the early post-
war years. Section 6 concludes. The appendix describes the sources from which we collected 
daily observations on the federal funds rate and how we calculated the weekly average series 
presented in the article.

2 ORIGINS OF THE FEDERAL FUNDS MARKET
Prior to the founding of the Fed, the United States already had an active overnight lending 

market in the form of “call money” (or “brokers”) loans in New York City.7 Call money loans 
were collateralized by debt and equity securities, renewed day after day until the borrower 
repaid the loan or the lender “called” it (requested repayment).8 Borrowers were mainly 



Anbil, Carlson, Hanes, Wheelock

Federal Reserve Bank of St. Louis REVIEW First Quarter 2021      47

securities brokers and dealers in New York City who borrowed funds to finance inventories 
of securities or their customers’ purchases of securities on margin. The immediate lenders were 
New York City banks, but the market was continental in scope as New York banks often acted 
as agents for other banks, businesses, and private individuals located elsewhere in the United 
States and Canada. Banks outside of New York also supplied funds to the call money market 
indirectly through the deposits they held in New York correspondent banks. Most call money 
loans were arranged on the floor of the New York Stock Exchange (NYSE), which at the time 
handled bonds as well as equities. Rates for call money loans on the NYSE floor were widely 
reported in newspapers and taken by contemporaries to be the best indicator of conditions 
in short-term money markets.9 Much economic research has relied on NYSE call money rate 
series to represent the safe short-term open market interest rate in the United States from the 
mid-nineteenth century through the early 1930s (e.g., Sylla ,1969; Officer, 1989; Rappoport 
and White, 1993; Odell and Weidenmier, 2004; and Fohlin, 2020). 

In many ways, call money loans were similar to some of today’s overnight lending instru-
ments, such as “general collateral” repo.10 Relative to those instruments, however, call money 
loans were peculiar in two ways. First, starting in 1914, the NYSE call money rate was set by 
stock exchange officials rather than in a competitive market, and sometimes the rate was 
deliberately set higher than a market clearing rate.11 Second, the timing of call money loans 
was different. For today’s overnight loans, the interest rates negotiated on a given day, and 
reported as prevailing on that day in financial publications and datasets, are paid on funds 
delivered by the close of that day to be repaid the following morning. For a call money loan, 
by contrast, the interest rate negotiated and reported to prevail on a given day was for funds 
delivered on the following day and repaid the day after that. The one-day lag occurred because 
call money loans were in “clearinghouse funds”—that is, funds to be paid through the New 
York Clearing House, which settled on a lagged schedule.12

The Fed began to operate in November 1914. It soon developed a telegraphic network 
through which a bank with a Fed account could order an immediate transfer of funds to the 
Fed account of another bank anywhere in the system.13 This made it possible to lend “federal 
funds”—that is, funds on deposit at Federal Reserve Banks, nationwide on an overnight 
schedule. 

The first federal funds loans were made between New York City banks in the summer of 
1921, as banks anticipating shortfalls in their Fed accounts entered into agreements to acquire 
funds from banks with surplus balances in their Fed accounts.14 Most of these transactions 
were overnight loans, in which the lending bank either provided a draft on its Fed account to 
the borrowing bank or arranged with the Federal Reserve Bank of New York to transfer funds 
from its account to the account of the borrowing bank. Either way the funds would be in the 
borrower’s account by the end of the same day. In return, the borrowing bank would issue a 
cashier’s check for principal and interest to the lender drawn on clearinghouse funds. The 
lender sent the check to the clearinghouse by the end of that day and received payment in the 
following day’s clearinghouse settlement.15 

By 1925, banks outside New York City were lending federal funds locally. Lending between 
banks in different Fed districts was common by the end of the 1920s.16 Other participants in 



Anbil, Carlson, Hanes, Wheelock

48      First Quarter 2021 Federal Reserve Bank of St. Louis REVIEW

the market were dealers in bankers’ acceptances and government securities (known in the 
1920s as “discount houses”).17 These firms received payments in federal funds when they sold 
acceptances or government securities to Federal Reserve Banks and needed to make payments 
in federal funds for some of their purchases. Some firms maintained “nonmember clearing 
accounts” at the Fed and transferred federal funds through reserve accounts of Fed member 
banks with which they had relationships. Several discount houses became active borrowers 
and lenders of federal funds, and some became federal funds brokers, facilitating loans between 
others. In April 1928, the New York Herald Tribune reported that the leading brokers were 
“four or five of the larger discount houses” and that “for the nominal charge of 1/4 of one 
percent…these houses locate banks which are in need of the excess balances of other institu-
tions. Conversely they locate prospective borrowers for banks which are faced with a plethora 
of excess deposits at the [Federal] Reserve Bank.”18 Federal funds trading grew from a daily 
volume that rarely exceeded $20 million in 1921 to one that averaged $40 to $80 million by 
1925 and that after 1925 “ranged upward from $100 million, reaching $250 million at times.”19

Although the federal funds market grew in size over time, market volume remained small 
relative to other money market instruments throughout the 1920s.20 Fed policymakers appear 
to have paid little attention to the federal funds market, or perhaps took it for granted. Two 
of the Fed’s leading economists at the time, Burgess (1936) and Riefler (1930), hardly mention 
the federal funds market in their discussions of the money market and Fed policy. Nonetheless, 
the market was an important source of liquidity and a barometer of overall money market 
conditions. According to Willis (1970, pp. 12-13), “The chief function of the funds market 
was refining the reserve adjustment process of the unit banking system…. It improved the 
fluidity of the money market by bringing demand and supply into more rapid adjustment.” 
The market was also acutely sensitive to Fed policy rates and actions. Differences in discount 
rates among the 12 Reserve Banks, which generated interregional flows of funds, could affect 
trading in the market.21 The Fed’s open market operations directly affected the supply of bank 
reserves and thus affected the funds rate. According to Willis (1970, p. 13), the funds rate 
“tended to be more sensitive [than other money market rates] and anticipate changes in bank 
reserve positions and factors affecting them because the use of funds offered an alternative to 
borrowing at the Reserve Banks.” 

Federal Reserve Monetary Policy Strategy in the 1920s-30s 

Here we briefly describe the Fed’s monetary policy strategy at the time and how it relates 
to supply of reserves. The origins of Fed monetary policy trace back to the “discovery” of open 
market operations in the early 1920s when Fed officials observed that their purchases of Treasury 
securities in the open market tended to ease money market conditions, lower interest rates, 
and increase bank lending (Chandler, 1958; Friedman and Schwartz, 1963; and Meltzer, 2003). 
By the early 1920s, System operations were carried out by the New York Fed as directed by a 
committee headed by that Reserve Bank’s Governor, Benjamin Strong. Strong explained the 
Fed’s policy strategy as follows:

The influence that the Reserve System exercises in the money market may be described…
in this way: If speculation arises, prices are rising, and possibly other considerations 
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move the Reserve Banks to tighten up a bit on the use of their credit…. [I]t is a more 
effective program…to begin to sell our government securities. It lays the foundation for 
an advance in our discount rate…. If the reverse conditions appear…then the purchase 
of securities eases the money market and permits the reduction of our discount rate.22 

Strong’s description of the Fed’s influence on money markets and bank lending was 
expanded upon by long-time Fed officials Winfield Riefler (1930) and W. Randolph Burgess 
(1936), which Meltzer (2003) refers to as the Riefler-Burgess Doctrine. Burgess (1936, p. 235) 
describes the impact of Fed open market operations as follows: “The Reserve Bank purchasing 
the securities pays for them with Federal Reserve funds. The seller of the securities deposits 
the funds in his own bank, and that bank in turn deposits the funds in the Federal Reserve 
Bank and thus finds itself in the possession of additional [nonborrowed] reserves….” The 
increase in bank reserves, reflected in a greater volume of deposits held in Fed accounts, 
increased banks’ willingness to lend in the federal funds and call loan markets, as well as pur-
chase securities and make longer-term loans.

Fed officials viewed the impact of open market operations on money markets as being 
heavily determined by the level of borrowing from the Fed’s discount window (i.e., borrowed 
reserves). According to Burgess (1936, p. 239), “Purchases of securities by Reserve Banks tend 
to relieve member banks from debt to the Reserve Banks, and lead them to adopt a more liberal 
lending and investing policy. Money rates become easier…. Conversely, sales of securities by 
the Reserve Banks increase member bank borrowing…. Money rates grow firmer.” Thus, by 
regulating the relative stocks of nonborrowed and borrowed reserves, open market operations 
could influence market interest rates and banks’ willingness to make loans even if they did not 
alter total reserves. However, when banks are out of debt to the Fed, “The effects of operations…
are more direct. At such times Federal Reserve purchases of securities increase [total] bank 
reserves.” Similarly, Riefler (1930, p. 27) argues that “The volume of member bank indebted-
ness at the Reserve Banks…is one of the most important single monetary factors in the level 
of money rates, and that the prospect of increase or decrease in that indebtedness is one of 
the most important single factors in the rate outlook…. It is this relationship apparently which 
has given to Reserve Bank operations in the open markets that peculiar efficacy for control 
over the money markets….” Moreover, he writes, “The whole open market policy of the Reserve 
Banks…assumes…that Reserve Bank funds paid out in buying securities will be used by 
member banks to repay borrowing at the Reserve Banks or to meet demands for funds which 
would otherwise be met by increased borrowing” (p. 125). The supposed reluctance of banks 
to borrow at the discount window was a key assumption behind the Fed’s theory of how its 
open market operations affected money markets and one that Fed officials sought to reinforce 
through their administration of the discount window. By discouraging banks from borrowing 
at the discount window, either by increasing the discount rate or by refusing loans to contin-
uous borrowers, the Fed could reinforce the impact of its open market operations and discount 
rate changes on the money markets.
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3 THE FEDERAL FUNDS RATE, 1928-33
Our new federal funds rate series is based on daily market quotations published in the New 

York Herald Tribune and Wall Street Journal. The appendix describes how we used the pub-
lished quotes to produce daily and weekly (ending on Saturdays) average series for comparison 
with previously published weekly average rates for other money market instruments. The 
appendix also provides source information for the other series plotted in this article’s figures. 

Figure 1 plots the weekly average values of our federal funds rate series, the NYSE call 
money rate on new loans, and the discount rate of the New York Fed, from April 1928 (the 
start of our series) through April 1933, a month after the trough of the Great Depression 
according to the business cycle chronology of the National Bureau of Economic Research. 
The figure shows that the federal funds rate was nearly always below the call loan rate, presum-
ably reflecting some combination of differences in default risk, transaction costs, and timing 
that made call money relatively undesirable for lenders active in both markets.23 

Figure 2 plots four-week rolling standard deviations of our weekly federal funds series 
and the call money rate on new loans. The figure shows that the call money rate was much 
more volatile than the federal funds rate before the 1929 stock market crash, suggesting that 
the call money rate behaved less like a virtually risk-free rate than did the federal funds rate, 
especially during a period when the perceived risk associated with call loan collateral was high 
(White, 1990). 
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Federal Funds, Call Loan, and Fed Discount Rates, April 1928-April 1933
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Figure 1 also shows the relationship between the federal funds rate and the New York 
Fed discount rate. Normally, the federal funds rate was at or below the discount rate, but the 
funds rate sometimes rose above the discount rate, especially when market conditions tight-
ened. A borrower might be willing to pay more than the discount rate for federal funds because 
Federal Reserve Banks lent only to their member banks and only on specific types of collateral—
that is, “eligible paper.”24 Thus, some institutions active in the federal funds market, such as 
nonmember banks and discount houses, did not have access to the Fed’s discount window, 
while member banks might lack eligible paper.25 Perhaps more importantly, the Fed did not 
lend freely even to member banks with eligible paper. In the 1920s, as in most of its later his-
tory, the Fed tried to dissuade banks from making continuous use of discount credit. According 
to Friedman and Schwartz (1963, pp. 268-69), this policy discouraged borrowing by “making 
discounting seem a source of weakness in banks.”26 The New York Herald Tribune (April 5, 
1928, p. 30) reported that the federal funds rate was “usually about one-fourth percent below 
the Federal Reserve discount rate” but could exceed the discount rate because “member banks 
are disinclined to borrow at the Reserve Bank, [with] continuous exercise of this privilege 
over extended periods being looked upon as an indication of weakness.” The federal funds 
rate was especially high relative to the discount rate from February through August 1929, 
likely reflecting a Federal Reserve Board directive to Reserve Banks to deny discount window 
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loans to banks that were making call money loans. The Board issued the directive in an effort 
to prevent the use of Fed credit to finance stock market speculation.27

Rates on both federal funds and call money fell after the October 1929 stock market crash 
when the Fed purchased Treasury securities in open market operations, cut its discount rate, 
and allowed gold inflows from abroad to boost bank reserves. Whereas changes in the supply 
and demand for reserves caused the federal funds rate to fluctuate during 1930-31, as shown 
in Figure 1, the call money rate remained absolutely fixed across long spans of weeks. Further, 
the NYSE deliberately pegged the call money rate above the market clearing rate (e.g., Beckhart, 
1932, pp. 55, 58). Thus, the federal funds rate is almost certainly a better indicator of the true 
market overnight rate over these important years during the Great Depression. 

The federal funds rate was at or close to the zero lower bound by mid-1931, but it increased 
sharply in late 1931 after the United Kingdom left the gold standard and the Fed raised its 
discount rate in an effort to discourage gold from flowing out of the United States. The funds 
rate then declined to the lower bound in early 1932 when the Fed boosted reserve supply sub-
stantially through purchases of Treasury securities (Friedman and Schwartz, 1963; Hsieh and 
Romer, 2006; and Bordo and Sinha, 2016). The call loan rate remained fixed at the crisis level 
until July, however, again reflecting the artificial setting of the rate. Both the federal funds and 
call loan rates spiked again during a banking crisis in March 1933, which culminated in a 
national bank holiday declared by President Roosevelt on March 6, 1933. Markets were closed 
for several days, resulting in gaps in both the federal funds and call loan rate series.

Commercial Paper and Bankers’ Acceptance Markets

Figure 3 adds the prevailing interest rates on commercial paper and bankers’ acceptances 
to the data shown in Figure 1 (omitting the New York Fed discount rate for clarity). Along 
with the call loan and federal funds markets, commercial paper and bankers’ acceptances 
were the major private money market instruments of the 1920s and early 1930s. Whereas 
federal funds and call loans had a maturity of one day (though call loans were often rolled 
over), commercial paper and bankers’ acceptances had longer maturities, typically from 90 
days to six months. 

In the 1920s-30s, the commercial paper market comprised short-term unsecured loans 
to moderately sized non-financial firms. (Most sources provide quotes for paper with either 
90-day or four- to six-month maturity, suggesting they represented typical maturities.) Com-
mercial paper dealers purchased short-term notes from issuing firms and then sold the paper 
to investors throughout the country. Banks were important buyers of commercial paper 
(Beckhart, 1932). In the secondary market, commercial paper interest rates reflected the credit 
quality of the firm issuing the paper. “Prime” commercial paper reflected paper considered 
by the National Credit Office (a private firm affiliated with the R.G. Dun credit rating agency) 
to be of the highest quality, and the secondary market interest rates on prime paper were 
used to construct the widely reported commercial paper rate. The commercial paper market 
was reasonably deep throughout much of the 1920s but was fading by the end of the decade, 
in part because other money market instruments had become more appealing to investors. 
Like all money markets, the commercial paper market largely dried up in the Great Depression.28 



Anbil, Carlson, Hanes, Wheelock

Federal Reserve Bank of St. Louis REVIEW First Quarter 2021      53

As Figure 3 shows, the commercial paper rate was typically higher than other money market 
rates, reflecting the longer average maturity of commercial paper and the absence of collateral 
backing. However, the commercial paper rate remained well below the call loan rate during 
the stock market boom in 1928-29.

Bankers’ acceptances are private commercial payment contracts that are guaranteed by a 
bank; once guaranteed, the contract can be sold on the open market. A substantial portion of 
bankers’ acceptances finance international trade. The bankers’ acceptance market was very 
new in the United States in the 1920s, but it had been significant in other countries for many 
years.29  

From its inception, the Fed strongly supported the acceptance market. The Fed purchased 
acceptances (also referred to as “bills”) at a rate that was advantageous to banks relative to 
borrowing from the discount window. The favorable terms resulted in the Fed holding 50 
percent of outstanding acceptances at times during the 1920s. With this support, the market 
expanded rapidly. Because of the importance of Fed support, market rates on acceptances 
tended to track the buying rates set by the New York Fed.30 As shown in Figure 3, the market 
rate on bankers’ acceptances was consistently below the commercial paper rate. During 1928-29, 
the acceptance rate was also often below the federal funds rate. This likely reflected the Fed’s 
tightening of monetary policy and attempts to discourage banks from using discount window 
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loans to finance stock market speculation. Beginning in 1928, the Fed used open market sales 
to drain reserves from the banking system and increased its discount rates and bill buying 
rates. However, because policymakers continued to offer more favorable terms for purchases 
of acceptances, the interest rates on acceptances did not increase as much as those for call 
loans and federal funds. As with commercial paper, bankers’ acceptance volume fell sharply 
during the Depression. The market rate on acceptances remained close to the Fed’s buying 
rate, which remained at or above 1 percent throughout the Depression, even as the overnight 
rate on federal funds fell to less than 1/4 percent.31

4 THE FEDERAL FUNDS RATE IN THE RECOVERY, 1933-39
Figure 4 plots federal funds, NYSE call money (new loans), and New York Fed discount 

rates from May 1933 through December 1939. After the Bank Holiday, the New York Fed 
lowered its discount rate in a series of steps, from 3.5 percent to 1.5 percent in February 1934, 
and kept the rate at that level until 1937. The call money rate remained fixed at exactly 1 per-
cent except for September-November 1933, when it was set at 3/4 percent, and several months 
in 1935-36 when the rate-setting committee, controlled by New York banks, experimented 
with rates of 1/4 and 3/4 percent. The lower rates “did not call forth any significant demand 
for funds” (Turner, 1938, p. 89) and, according to the banks, did not cover costs of handling 
the loans.32 In November 1935, as the Wall Street Journal observed, “Just how artificial this 
rate was is indicated by the fact that three months’ money cost less than demand money all 
through this period. So long as the call money rate means nothing, the most interesting figures 
to watch in the short term money situation are the rates at which weekly Treasury bill issues 
are sold and the rates of inter-bank borrowings, or so-called Federal funds.”33 

As suggested in the Wall Street Journal article, the federal funds rate behaved very differ-
ently than the call money rate. Between May 1933 and February 1934, the funds rate fluctuated 
between 1/8 and 1/2 percent. In late February 1934 it settled at 1/8 percent, where it remained 
for the next three years. On some days, newspapers reported that federal funds lending had 
occurred.34 But the Wall Street Journal report for February 23, 1934, was more typical, stating 
“Federal funds offered by all banks, with no takers, at 1/8%.”35 In November 1935, a Wall 
Street Journal article observed that “With all the banks plentifully supplied with reserves, there 
is naturally no lending of reserve funds from bank to bank. The real condition of the money 
market is shown by the fact that the federal funds rate has been absolutely motionless since 
February 1934.”36 In January 1937, the New York Herald Tribune observed that “Federal funds 
have been available at 1/8 percent for so long that hardly a man now exists in Wall Street who 
can remember when the rate was otherwise.”37 

Demand for federal funds increased in March 1937 when the Fed imposed the second of 
a series of three increases in reserve requirements on member banks. At first a few, then most, 
transactions took place at a higher rate of 1/4 percent. By May, when the third increase in 
reserve requirements took effect, some transactions were at 1/2 percent, which drew funds 
from banks outside New York.38 Through August 1937 the funds rate ranged between 1/4 and 
1/2 percent.39 Thereafter the reported rate was constant at 1/4 percent through 1939. Newspapers 
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continued daily publication of the federal funds rate but ceased to mention market activity 
apart from rare reports that borrowing had taken place.40

The combination of a flat rate with only occasional transactions from February 1934 to 
March 1937, and again after September 1937, suggests that the federal funds rate was at its 
lower bound most of the time. That is to say, the rate was so low that the interest payment on 
a loan minus the transaction costs to the lender was just marginally greater than the zero return 
to holding reserve balances. At a rate of 1/8 percent, the interest payment on an overnight 
loan of $1 million, a typical transaction in the 1920s, was only about $3.50. We have found 
no discussions dating from the 1930s about lenders’ transaction costs. But in the 1950s, Minsky 
(1957, p. 175) observed that they include “the time of an officer, phone calls, etc.” In a Fed 
study, some banks reported that even at an interest rate of 1/2 percent, “costs absorb most of 
the return.”41 We have no explanation for why the lower bound was 1/8 percent before 1937, 
then 1/4 percent after.42

Standard models used to analyze overnight-rate determination and monetary policy 
implementation (e.g., Poole, 1968; Whitesell, 2006; and Ennis and Keister, 2008) can explain 
why the overnight rate was on the floor at these times. In those models the rate of return to 
holding excess reserves establishes a floor for the market overnight rate. The rate is driven to 
this floor when the supply of free reserves (i.e., nonborrowed reserves less required reserves, 
or equivalently, excess less borrowed reserves) is large enough to eliminate accidental reserve 
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deficiencies. While this condition holds, banks largely cease to borrow from the discount 
window or in the federal funds market. Figure 5 plots free reserves and outstanding discount 
window credit from 1928 through 1939. The shock of the banking panic of March 1933 is 
evident in a sharp decline in free reserves that triggered a spike in borrowing at the discount 
window. Borrowing at the window fell to almost zero as the supply of free reserves rose from 
late 1934 through 1936, and again after 1937. A decline in free reserves in 1937 resulted in 
small increases in discount borrowing and the federal funds rate. The path of free reserves 
over time reflected interactions between Fed and Treasury policies on reserve requirements, 
open market operations, and international gold flows.43 

5 THE FEDERAL FUNDS RATE IN THE 1940s AND EARLY 1950s
Figure 6 plots the federal funds rate, the three-month Treasury bill rate, and the New York 

Fed discount rate from January 1940 to June 1954. The call money market did not revive after 
the war in the same form as it had existed before the war, and hence we do not include a call 
loan rate on the figure.44 From 1940 through March 1942, the Treasury bill rate fluctuated 
but the federal funds rate remained 1/4 percent. According to Willis (1970, p.15), a consider-
able volume of federal funds lending, “probably” $75 to $125 million per day, was taking place 
in early 1941.
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In April 1942, the Treasury and Fed agreed to keep interest rates on government securities 
low to finance the war. The Fed pledged to buy securities as needed to keep long-term Treasury 
yields from rising above 2½ percent and yields on shorter-term bonds, notes, and certificates 
below lower ceilings. The Fed maintained ceilings on these securities’ yields throughout the 
war and afterward until the Treasury-Federal Reserve Accord of March 1951.45

Fed policy with respect to Treasury bills is especially important as it had unique features 
that are key for understanding developments in money markets. In April 1942, the Board of 
Governors of the Federal Reserve System announced that it would buy bills at prices corre-
sponding to an annual discount rate of 3/8 percent. In August 1942, the Board gave anyone 
selling bills to the Fed the option to buy back “Treasury bills of a like amount and maturity” 
at the same 3/8 percent rate. This “enables banks and others, who have bought Treasury bills 
and encounter a temporary need for cash, to sell Treasury bills to a Reserve Bank with assurance 
that they will be able to repurchase the bills later at the same rate of discount.”46 In September 
1942, the Board announced that payments associated with these transactions would be settled 
on the same day, rather than on the following day as previously, “to make the bills the equiva-
lent of cash.”47

In the words of a contemporary, “The net result of these various provisions was to render 
Treasury bills absolutely liquid. They became practically equivalent to excess reserves and were 
so called and so treated by many bankers, even though legally they were not reserves at all” 
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(Whittlesby, 1945, p. 67). The policies “had the effect, in substance, of enabling banks to earn 
interest on their excess reserves without undergoing the slightest sacrifice of liquidity” (p. 80). 
In modern terms, it was as if the Fed were paying 3/8 percent interest on excess reserves. For 
nonbanks, bills had become equivalent to riskless overnight loans to the Fed, similar to trans-
actions in the Fed’s current Overnight Reverse Repurchase Program.48

The Fed abandoned the Treasury bill program before it lifted ceilings on longer-term 
Treasuries after the 1951 Fed-Treasury Accord. In July 1947, the Federal Open Market Com-
mittee (FOMC) announced the “‘unpegging’ of the Treasury bill rate.... [I]t had directed the 
Federal Reserve Banks to terminate the policy of buying all Treasury bills offered to them at a 
fixed rate of 3/8 per cent per annum and to terminate the option given the sellers to repurchase 
bills.... The new policy was made applicable to new bills issued on or after July 10.”49 The peg-
ging and unpegging of the Treasury bill rate is apparent in Figure 6.

The figure also shows that the quoted federal funds rate remained 1/4 percent for the 
duration of the war but that the rate began to rise before the Fed removed the Treasury bill 
peg in 1947. Newspaper reports indicate that federal funds borrowing was extremely rare during 
the war.50 In May 1945 the funds rate rose above 1/4 percent for the first time since August 
1937. Remarkably, the rate immediately exceeded the 3/8 percent Treasury bill rate, and it 
continued to exceed the bill rate in all but three weeks between May 1945 and July 1947, when 
the bill rate peg was ended. Thereafter, the bill rate sometimes exceeded the funds rate.

The patterns in rates suggest that before July 1947, the ability of lenders to earn a riskless 
overnight return of 3/8 percent on bills prevented federal funds lending at a lower rate except 
in rare circumstances. The return of interest rate risk to the Treasury bill market and its impact 
on spreads between market rates on bills and the federal funds rate would have affected the 
preferences of banks for holding Treasury bills, especially as an instrument for managing their 
liquid reserves. The Board (1959, p. 10) noted this effect as follows: “The spread between bid 
and asked quotations and the risk of price change make the Treasury bill and other short-term 
securities unsuitable for very short-term reserve adjustments.” In addition, “The increased 
fluctuation in bill rates in recent years has probably been more important than the compara-
tive levels of rates in influencing choice between the bill and Federal funds markets. With 
day-to-day fluctuations in bill rates, a ‘misguessed market’ trend can lead to a principal loss 
on a quick bill turnaround—a loss which management can readily observe. An analogous 
error in the Federal funds market would simply mean a smaller return” (p. 71).

The revived federal funds market of the early postwar era was in some ways similar to the 
market of the 1920s. Loans between New York banks still involved an exchange in which the 
lender issued a draft on its Fed account and received a clearinghouse check from the borrower, 
while loans between banks in different cities went through the Fed’s wire transfer service.51 
The difference between the timing of the federal funds settlement and the lagged settlement 
of clearinghouse funds was still important and motivated much federal funds market activity 
by nonbanks.52 

Nonetheless, there were also many differences between how the federal funds market 
operated in the post-war era and the 1920s. As shown in Figure 6, the federal funds rate did 
not rise above the discount rate as it had at times in the earlier era. To explain this, contem-
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poraries noted that banks now held large amounts of federal government debt and hence were 
never short of collateral for discount window loans. Moreover, discount borrowing was no 
longer hindered by a Fed policy to discourage call money lending as it had been in 1929.53 

After World War II, middlemen in the federal funds market also operated differently 
than they had before the war. Garvin Bantel Corporation was the only firm brokering federal 
funds from 1948 to 1958. It handled some 80 percent of all transactions through 1953 and 
50 percent in 1957.54 Many financial publications reported the rates quoted by Garvin Bantel 
as market rates.55 According to the Board (1959, p. 5), Garvin Bantel did not charge a com-
mission on federal funds transactions for banks that gave it some of their stock brokerage 
business: “A small percentage of the banks prefer to pay a flat fee, usually a commission of 
1/16 of 1 percent.” If both the borrower and lender preferred to pay the flat fee, then Garvin 
Bantel earned 1/8 percent,56 which was less than the typical 1/4 percent spread charged for 
federal funds brokerage in the 1920s. 

Aside from Garvin Bantel, government securities dealers helped banks place or obtain 
federal funds after the war (Federal Reserve Bank of New York, 1950). By convention, most 
transactions in Treasury securities were settled in federal funds (Board of Governors of the 
Federal Reserve System, 1959), so developments at government securities dealers had a notable 
influence on the federal funds market. Securities dealers commonly financed their inventories 
using overnight repurchase agreements, which were considered a segment of the federal funds 
market, not a separate instrument as they are today.57 Uncollateralized federal funds loans 
were then referred to as “straight” federal funds.

Several major banks also began to deal in federal funds, primarily by engaging in bilateral 
transactions with their respondents, which drew more small banks into the market. A second 
broker entered the market in December 1958, and by 1964, four firms acted as brokers in 
federal funds (Willis, 1970). As more brokers and trading banks entered the market, the mini-
mum trade size declined, which allowed smaller banks to participate in the market (Meek, 
1972), and volumes increased. The volume of transactions handled by brokers rose from a 
daily average of $100 to $150 million in 1949, to $375 to $425 million in 1960, and to $1,700 
to $2,800 million in 1969.58 The high volatility of the federal funds rate clearly apparent in 
Figure 6 fell as market volume rose.59 

6 CONCLUSION
Money markets are a vital part of the financial sector. Pricing and conditions in these 

markets provide a key indicator of liquidity in banking and financial markets generally. Money 
markets are also strongly influenced by monetary policy, and observing how these markets 
respond to changes in central bank policies are important for understanding how monetary 
policy is being transmitted to financial markets and the broader economy. The federal funds 
market is particularly valuable in both regards because of its intimate connection to the Fed 
and the banking system. By extending the rate data available for the federal funds market back-
ward in time, we are providing valuable new information that researchers can use to under-
stand monetary policy and banking sector liquidity in notable periods in U.S. financial history.
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The federal funds market originated in the early 1920s and developed as the Fed was learn-
ing to use the policy levers at its disposal in pursuit of macroeconomic, international, and 
financial stabilization goals. When our series begins in 1928, the Fed was moving to tighten 
monetary policy, first by conventional means and later by direct controls on discount window 
lending, in an effort to check stock market speculation. The federal funds rate reflected the 
impact of the Fed’s actions on the money market, but without the confounding problems of 
trying to assess market conditions from the call loan rate. The federal funds rate (and other 
market rates) fell sharply after the October 1929 stock market crash, and the rate fell close to 
zero, well below the Fed’s administered rates and the artificially set call loan rate. Market 
volume likely remained low throughout the Depression and World War II, but market rates 
rose with increased demand for reserves in banking crises in 1931 and 1933, and again in early 
1937. Federal funds trading revived after World War II, even before the Fed ended its peg of 
Treasury bill rates in 1947. Our data reveal the impacts of the pegging and its end on money 
markets. Further, we show that, unlike the 1920s, the funds rate remained consistently at or 
below the Fed discount rate, possibly reflecting a change in the Fed’s administration of the 
discount window. 

Our new series on the federal funds rate ends in 1954 when a series reported by the Fed 
begins. The similar volatilities of our series and the Board’s series in 1954 suggest that our 
series can be linked to the Board series and therefore provide researchers with a longer time 
series of high-frequency observations on the U.S. overnight interest rate. This article showcases 
these data over a pivotal era in U.S. monetary history, but it leaves for future research more 
formal analyses of the data and key episodes. n

APPENDIX
Federal Funds Rate Data

Daily observations on the federal funds rate first appeared in the New York Herald Tribune 
on April 5, 1928, and in the Wall Street Journal on June 1, 1932.60 We digitized the daily rates 
quoted in these publications from their first appearance through 1938 (New York Herald 
Tribune) and 1954 (Wall Street Journal), when daily federal funds rate observations become 
available from the Fed. These data are available in Federal Reserve Economic Data (FRED®).61 
This section describes these data and how we used them to construct the weekly average series 
shown in the article’s figures.

Both the New York Herald Tribune and Wall Street Journal published either a single rate 
or a range of rates for federal funds on each business day. The New York Herald Tribune 
reported rates for Monday-Saturday, beginning with April 4, 1928 (reported in the paper on 
April 5). However, the Wall Street Journal only reported rates for Monday-Friday. The New 
York Herald Tribune reported the prevailing rates for April 4, 1928, as “3¾@4” and indicated 
that the number to the left of @ was a bid rate and that the number to the right was an offered 
rate.62 The New York Herald Tribune reported that the rates it published reflected quotes “by 
several of the largest discount houses.” It continued to publish the rate in the same format in 
a table labeled “Money and Credit” throughout the 1930s.

https://fred.stlouisfed.org/series/FEDFUNDS
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With very few exceptions, through mid-1931, the bid and offered rates published in the 
New York Herald Tribune always differed by 1/4 of a point. Larger spreads were reported on a 
handful of dates, and negative spreads (i.e., a bid rate higher than the offered rate) were reported 
for four dates.63 We suspect that the negative spreads, and probably some of the larger positive 
spreads, reflected printing errors. The dataset accompanying this article reproduces faithfully 
the rates as reported in the New York Herald Tribune. However, in constructing charts for 
the article, we omit observations with negative or implausible bid-offered spreads because we 
are unsure whether they reflected printing errors or something else.64 

Beginning in mid-1931, the rates reported in the New York Herald Tribune often differed 
by only 1/8 of a point. These were always on days when the low and high rates were reported 
as 1/8 and 1/4, respectively. We are uncertain whether the smaller range reflects a narrowing 
of the bid-offered spread or a change in how the New York Herald Tribune reported the data. 
Turner (1931) reports that business was sometimes done on a 1/8 spread. However, on the 
first date that the Wall Street Journal reported funds rate information (June 2, 1932, p. 7), it 
reported that “Federal funds are in supply at 1/8 to 1/4 of 1%.” We presume that this quote 
refers to the range of rates that prevailed on June 1, which matches the range reported for that 
day in the New York Herald Tribune. Therefore, it seems plausible that by that date, the New 
York Herald Tribune was similarly reporting a range of rates that prevailed during the day 
rather than bid and offered rates. By early 1933, the Wall Street Journal started more clearly 
describing the price quotes as bid and offered rates. For example, on February 11, 1933, the 
Wall Street Journal reported “Federal funds firmer at 1/8% bid, 1/4% asked, with most trans-
actions at 1/8%.65 The range of daily rates reported in the Wall Street Journal usually matched 
the range reported for the same days in the New York Herald Tribune. Occasionally the rates 
reported in the two publications differed, but almost never by more than 1/4 of a point. 

Whereas the New York Herald Tribune continued to report a range of rates on most 
days throughout the 1930s, the Wall Street Journal often published only a single rate, which 
it usually referred to as an offered rate. For example, on September 10, 1935, the Wall Street 
Journal reported that “Federal funds were freely offered and unchanged at 1/8%.” Usually when 
the Wall Street Journal reported just one rate, it was 1/8. For most such days, the New York 
Herald Tribune reported a spread of 1/8 to 1/4. Based on information about market conditions 
reported in the New York Times for many of those dates, we believe that the rate reported in 
the Wall Street Journal likely reflected the rate at which the preponderance of transactions 
occurred on the given day, if there were any transactions, whereas the rates reported in the 
New York Herald Tribune may have been quoted by dealers and not necessarily reflective of 
actual transactions. It seems likely that a rate of 1/8 reflected the effective lower bound on 
offered rates due to transaction costs. We have no concrete information about the extent to 
which transactions occurred on days when the Wall Street Journal reported the rate at 1/8, 
though the New York Times sometimes indicates that funds were offered at 1/8 but that there 
was no demand.

Certainly, on some days the reported range of rates was not the bid-ask spread from 
dealers but rather the range of rates at which transactions took place that day. On May 4, 1937, 
a news article in the New York Herald Tribune reported that “As on Saturday…there was a 
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split rate for Federal funds, with some funds placed at the old rate of 1/4 of 1 percent and some 
at the firmer rate of 1/2 of 1 percent. Banks in Chicago, Philadelphia and Boston were offering 
federal funds in this market [New York], for the most part at 1/4 of 1 per cent, for the other 
principal money centers were a little more comfortably situated than the local market was.”66 
The daily rate reported for these days, from which our series are constructed, was “1/4 @ 1/2.” 
There was likely little trading in federal funds from mid-1933 through most of the remainder 
of the 1930s. With few exceptions, the Wall Street Journal reported the funds rate at 1/8 and 
the New York Herald Tribune reported a spread of 1/8 to 1/4 until March 1937, when market 
conditions tightened slightly following an increase in reserve requirements on Fed member 
banks. The Wall Street Journal subsequently reported a rate of 1/4, and the New York Herald 
Tribune reported either a single rate of 1/4 or a spread of 1/4 to 1/2. With only a couple of 
exceptions, both the Wall Street Journal and New York Herald Tribune reported a constant 
rate of 1/4 throughout the remainder of the 1930s.67

The Wall Street Journal continued to report the funds rate at 1/4 percent through mid-
1945, after which there were signs of some pickup in activity.68 On May 21, 1945, the Wall 
Street Journal reported an offered range of 3/8 percent to 1/2 percent. This reporting conven-
tion appears to have continued for several years; thus, in this period the reported high-low 
range reflects a different concept than the bid and offered rates from other dates. It is not until 
March 1948 that we observe the Wall Street Journal providing quotes for bids; and when bids 
are reported, they were reported as being within a range where there were no offers.

Starting in June 1948, the Wall Street Journal no longer reported ranges for bid and offered 
rates, but rather it listed single bid and offered rates. Nevertheless, both rates were not reported 
on some days. Indeed, even into the 1950s, there were days when the demand for funds appears 
to have fallen so much that the Wall Street Journal reported an offered rate but not a bid rate 
(and occasionally there were days when only a bid rate was reported). In these cases, we have 
left as missing the rate that is not reported.  

Weekly Average Funds Rate

Using our daily data, we constructed weekly averages of the federal funds rate for com-
parison with other market rates, which are available in published sources as weekly averages. 
To calculate that weekly rate, we used the following procedure: 

1. For days when both newspapers reported a high and a low rate, we calculate a daily 
average using observations from both newspapers as the simple average of the mid-
points of the high and low rates reported in the New York Herald Tribune and Wall 
Street Journal. High and low rates were not necessarily bid and offered rates; on dates 
when the Wall Street Journal provided an offer range, our calculated rate is the mid-
point of that range.

2. For days when one newspaper reported only a single rate, we take that rate as that 
newspaper’s rate for the market and average it with the midpoint of the high and low 
rates provided by the other newspaper.
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3. If only one newspaper provided data, we use the midpoint of rates or the single rate 
provided by that newspaper. 

4. We omit dates when the spread between bid (low) and offered (high) rates reported in 
either publication is negative (i.e., bid higher than offered) and omit dates with implau-
sible spreads (i.e., February 6, 1931, and June 20, 1931). The Wall Street Journal reported a 
rate of 1 percent on January 21 and 24, 1938, when the rate reported for surrounding 
days was 1/4 percent. Because the Wall Street Journal also reported that the rate for 
January 21 was “unchanged,” for purposes of calculating the weekly average, we assumed 
a rate of 1/4 percent for January 21 and 24.

5. We use this daily series to calculate weekly average rates (Monday-Saturday) for the 
figures in this article.  

Linking our Federal Funds Rate Series with the Board Series

As part of understanding the quality of our federal funds rate series, it is informative to 
compare it with the first few months of the federal funds rate series published by the Fed. 
Figure A1 plots the federal funds rate minus the New York Fed discount rate for 1954. Data 
for January-June are based on our newly constructed federal funds rate, and the data for July-
December are based on the Board’s published rate data. The figure shows there is not an 
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SOURCE: See “Other Data” section of the appendix and FRED®, Federal Reserve Bank of St. Louis.



Anbil, Carlson, Hanes, Wheelock

64      First Quarter 2021 Federal Reserve Bank of St. Louis REVIEW

obvious discontinuity where our series links to the Board series. Both spreads fluctuate 
between 50 and 100 basis points throughout 1954. Further, the volatility of the two series is 
roughly comparable around the transition point. The standard deviation of our series in the 
first half of 1954 is very similar to the standard deviation of the Fed series in the second half 
of 1954. Considering that the Fed began publishing the federal funds rate after the market 
revived, we consider the smooth transition between our series and the Fed series, with respect 
to both the level and standard deviation, as evidence of the validity of our series.

Other Data

Except as noted, the Board of Governors of the Federal Reserve System (1943) is the 
source for all data series other than the federal funds rate shown in the figures of this article, 
with the specific page numbers given below:

Bankers’ acceptance rate (prime, 90 days), pp. 452-59
Call loan rate (average rate on new stock exchange loans), pp. 452-59
Commercial paper rate (prime, four to six months), pp. 452-59
Three-month Treasury bill rate, pp. 461-62 (1934-41); Board of Governors of the Federal 

Reserve System (1976), pp. 697-700 (1942-54)
Federal Reserve Bank of New York discount rate, pp. 439-42 (1928-41); Board of 

Governors of the Federal Reserve System (1976), p. 667 (1942-54)
Free reserves (excess reserves – borrowed reserves), pp. 378-9469 

NOTES
1 In general, a federal funds transaction is an unsecured loan of U.S. dollars to a depository institution borrower (or 

“purchaser”) from a lender (or “seller”) that is another depository institution, foreign bank, government-sponsored 
enterprise, or other eligible entity; https://www.newyorkfed.org/aboutthefed/fedpoint/fed15.html. 

2 Since 2008, the Fed has also used forward guidance and large-scale asset purchases in the conduct of monetary 
policy, particularly in periods when the federal funds rate target has been at the effective lower bound. In the 
1970s and 1980s, the FOMC set targets for various measures of reserves and monetary aggregates as well as for 
the funds rate; though with the exception of 1979-82, the federal funds rate target range was a primary component 
of the Committee’s operating strategy. See Kliesen and Wheelock (2021) for more discussion about the FOMC’s 
operating targets and methods in the 1970s and early 1980s.

3 These data are available from FRED®; https://fred.stlouisfed.org/series/FEDFUNDS. Current values of the Fed series 
on the “effective federal funds rate” are reported in the Fed’s H.15 statistical release (https://www.federalreserve.
gov/releases/h15/) and calculated as a volume-weighted median of overnight federal funds transactions reported 
by funds market brokers to the Fed; https://apps.newyorkfed.org/markets/autorates/fed%20funds. Data reported 
by the Fed for 1954-70 are described in Board of Governors of the Federal Reserve System (1976, pp. 640-41) as 
follows: “The ‘effective’ rate on Federal funds is estimated each day by the Federal Reserve Bank of New York. It is 
not a statistical calculation, such as an average, of the rates paid on all transactions in Federal funds. Rather, it 
represents a consensus of major market participants in New York City as to the rate at which most transactions in 
these funds were executed during the day, after taking into account reports from active participants in the market. 
The data begin with the week ending July 14, 1954, when the Federal Reserve Bank of New York began to estimate 
the daily figure.”

4 Willis (1957) includes a chart of a weekly federal funds rate series for the period we cover, based on data from one 
of the same sources, but the underlying data were not published.

https://www.newyorkfed.org/aboutthefed/fedpoint/fed15.html
https://fred.stlouisfed.org/series/FEDFUNDS
https://www.federalreserve.gov/releases/h15/
https://www.federalreserve.gov/releases/h15/
https://apps.newyorkfed.org/markets/autorates/fed%20funds
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5 New York Herald Tribune. “Federal Funds’ Rate Index of Credit Status.” April 5, 1928, p. 30.

6 The New York Times also reported federal funds rates on many but not all days.

7 See, for example, Myers (1931, pp. 126-48, 265-87).

8 Legally, lenders could call a loan at any time of day; customarily they did so only in the morning. Usually the col-
lateral was a basket of several stocks and/or bonds. In a renewed loan a borrower could swap out securities in the 
basket of collateral, subject to the lender’s approval. 

9 Two types of overnight rates were reported—rates for “new” loans and “renewal rates.” New loans were those 
beginning on a given day; renewal rates were for loans carried over from the previous day (that is, not called by 
the lender). Lenders allowing their loans to run another day were not obliged to accept the renewal rate but nearly 
always did. 

10 General collateral repurchase agreements (repos) are short-term loans secured by collateral of a general type, 
such as Treasury or agency securities. See Federal Reserve Bank of New York;  
https://www.newyorkfed.org/markets/treasury-repo-reference-rates.

11 See Beckhart (1932, pp. 38-64). In 1914, the NYSE replaced “competitive bidding about a money post” (Beckhart, 
1932, p. 43) with a “money desk.” The “money clerk” at the desk took orders for new loans from brokers and offers 
of new funds from lenders and set a new loan rate “such as to bring about an equilibrium between supply and 
demand. However, the actual establishment of the rate does not always result simply from a balancing of forces 
of supply and demand. An equilibrium...is frequently reached through the control exercised by Stock Exchange 
officials over the supply of funds.” Thus, if the amount of new funds demanded by brokers exceeded the amount 
offered, “the officials of the Stock Exchange Clearing Corporation might communicate with the larger banks in 
New York, requesting that funds be placed on the Exchange to meet the shortage in order to avoid an increase in 
rates” (p. 45).

12 Checks and other payment orders sent to the clearinghouse over the course of a day were cleared on the follow-
ing day, in a session that began at 10 a.m. and ended at about 11:30 a.m., at which time a bank received its clear-
ing balance. Soon after the founding of the Fed, banks began paying off clearinghouse net debits, or receiving 
net credits, with immediately effected transfers out of (into) their reserve accounts at the New York Fed (Spahr, 
1926, pp. 393-404; and Meeker, 1930, pp. 287, 295, 362-401). Thus, a bank that made a new call money loan on 
Tuesday and called the loan as early as possible, on Wednesday morning, actually delivered the funds out of its 
Fed account around noon on Wednesday and was repaid principal and interest on Thursday.

13 Spahr (1926, pp. 208-09).

14 Banks maintain deposits with the Fed—“reserves”—to satisfy statutory reserve requirements and for making pay-
ments. Throughout the 1920s, such deposits were the only assets that a Fed member bank could use to satisfy its 
statutory reserve requirement. Banks also placed deposits with correspondent commercial banks for making pay-
ments, investing in securities markets, and other purposes (Watkins, 1929). Whereas the Fed did not pay interest 
on reserve deposits, interest was usually paid on interbank balances. The actual (or in some cases imputed) interest 
rates paid on interbank deposits in New York City were usually set by the New York Clearing House and adjusted 
with changes in the discount rate set by the New York Fed (New York Clearing House Association, 1920, p. 16). 

15 Turner (1931, pp. 1-7). The Board ruled in 1928 and 1930 that loans of federal funds constituted borrowed money 
rather than deposits and thus were not subject to reserve requirements (Federal Reserve Bulletin, September 1928, 
p. 656; and Federal Reserve Bulletin, February 1930, p. 81). 

16 Willis (1957, pp. 2, 5-7).

17 Board of Governors of the Federal Reserve System (1959, pp. 23-24).

18 New York Herald Tribune, April 5, 1928, p. 30.

19 Willis (1957, p. 3).

20 According to Willis (1970, p. 12, Table 1), in 1928, outstanding volumes of (i) brokers’ loans ranged from $3,900 to 
$5,100 million for call loans and $390 to $1,120 million for time loans; (ii) bankers’ acceptances ranged from $1,100 
to $1,300 million; (iii) commercial paper totaled some $500 million; and (iv) short-term government securities 
ranged from $2,500 to $3,000 million.

21 Turner (1931, p. 83).

https://www.newyorkfed.org/markets/treasury-repo-reference-rates
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22 U.S. House of Representatives. “Testimony before the Banking Committee.” 1926, p. 307.

23 Transaction costs may have been higher for call money lending because it took time and effort to manage the 
security collateral (Griffiss, 1923, pp. 7, 16, 49). New York banks charged 1/2 percent to make call money loans for 
out-of-town banks (Turner, 1931, p. 68). That was bigger than the 1/4 percent spread charged by federal funds 
brokers in the 1920s. Although so-called “money brokers” charged just 1/32 percent for call loans, according to 
Beckhart (1932, p. 49), “Money brokers do not…take care of the collateral; this is handled by the lending bank.” 
Contemporaries generally described call money loans as practically risk-free, despite the possibility of a day-to-day 
drop in prices of collateral securities, because lenders were protected by “haircuts” (margins between current 
collateral prices and loan amounts). Moreover, at times when securities’ prices were believed to be precariously 
high, as in the summer of 1929, haircuts were increased accordingly (Meeker, 1930, pp. 294, 297). Up to 1929, 
“even in the long memory of the oldest lending institutions in Wall Street, there is no record of any unpreventable 
loss by a lender on call loans made to a Stock Exchange member on listed collateral,” and the 1929 crash itself 
took place “without the loss of a penny to a single lender” (Meeker, 1930, p. 298). On the other hand, White (1990) 
suggests that investors likely demanded higher rates on call money in 1928-29 because of their unwillingness to 
take possession of riskier collateral during this period. 

24 Eligible paper included bankers’ acceptances, federal government debt, and certain types of bank loans—short-
term (original maturity 90 days or less) and “for producing, purchasing, carrying or marketing goods in one or 
more of the steps of the process of production, manufacture or distribution.” A loan was not eligible if it financed 
purchases of stocks or bonds, or “for permanent or fixed investments of any kind, such as land, buildings or machin-
ery” (Steiner, 1926). 

25 Board of Governors of the Federal Reserve System (1959, p. 28).

26 Dewey and Shugrue (1922) reported that investors viewed borrowing by banks in any form other than deposits 
as evidence of weakness.

27 Friedman and Schwartz (1963, pp. 254-65); and Board of Governors of the Federal Reserve System (1959, p. 98).

28 The commercial paper market experienced various changes in subsequent decades. Nonbank financial compa-
nies—such as the finance companies associated with automotive companies—found commercial paper to be an 
attractive source of funding and began to issue commercial paper (Hurley, 1977). Investors in commercial paper 
also began to shift, with nonbank investors such as insurance companies becoming increasingly important. Conse-
quently, when the market revived in the 1950s, it was quite different than it had been in the 1920s.

29 U.S. commercial banks with federal charters (i.e., national banks) were not permitted to issue bankers’ acceptances 
before the Federal Reserve Act of 1913.

30 For information on the bill buying rates of the New York Fed, see Board of Governors of the Federal Reserve 
System (1943a, pp. 443-45).

31 Bankers’ acceptances played a key part in transmitting the financial crises in Germany and the United Kingdom in 
1931 (Accominotti, 2012). The market never fully recovered; as other money markets expanded in the 1950s, the 
bankers’ acceptance market remained a niche market.

32 See the following New York Times articles: “Pegged Call-Money Rate of 1% is Ended.” April 14, 1935; “Money Rates 
Stay 5th Month at Lows.” October 1, 1935; “Call Money Rates Raised by Banks.” October 30, 1935; “Changes in 
Money Rates.” October 31, 1935; and “Banks Here Double Call-Money Rate.” January 23, 1936. Wall Street Journal 
articles include the following: “Money Rates Firm as Bankers Seek ‘Living Wage’.” October 30, 1935; and “Call and 
Time Money Rate Advance of 1/4% Expected Next Week.” May 9, 1936. 

33 Wall Street Journal. “Call Loan Market is Now Pegged at New 3/4% Rate.” November 7, 1935, p. 9.

34 See, for example, New York Herald Tribune. “Comment in Wall Street.” April 11, 1935, p. 25; and New York Times. 
“Loans to Brokers Down $64,000,000.” August 30, 1935.

35 Wall Street Journal. “Money Rates.” February 24, 1934, p. 4.

36 Wall Street Journal. “Call Loan Market now Pegged at New 3/4% Rate.” November 7, 1935.

37 New York Herald Tribune. “Rise in Reserve Needs to Alter Money Rates.” January 10, 1937, p. C1.

38 See the following articles: Wall Street Journal. “Higher Rate on Federal Funds Are Likely.” March 12, 1937, p. 1; New 
York Herald Tribune. “Comment in Wall Street.” March 13, 1937, p. 23; Wall Street Journal. “Commercial Borrowing 
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Gains Expand.” March 16, 1937, p. 1; New York Times. “Higher Reserves Are Met by Banks.” May 2, 1937; and New 
York Times. “Topics in Wall Street.” May 4, 1937. 

39 See the following articles: Wall Street Journal. “Member Banks’ Excess Reserves Touch New Low.” August 6, 1937, 
p. 9; and New York Herald Tribune. “Comment in Wall Street.” August 11, 1937, p. 27.

40 See New York Times. “Bank Credit Here Continues to Rise.” December 17, 1937; and New York Times. “Bank Credit 
Here Gains $465,000,000.” June 10, 1938. 

41 Board of Governors of the Federal Reserve System (1959, p. 70).

42 Interestingly, rates on some other money market instruments, in particular commercial paper and bankers’ accep-
tances, also rose around this time.

43 Hanes (2006, 2019) studies the behavior of overnight rates in the 1930s in terms of modern models and provides 
details about the timing of Fed and Treasury policies, changes in reserve supply, and interest rate movements in 
the 1930s.

44 After the war, loans to securities dealers were still referred to as call money but “in current practice such loans are 
rarely called” (Miller, 1952, p. 31). Call money loans had become relationship loans between a dealer and a bank, 
and “the formal arrangements of an impersonal market no longer exist” (p.27). The call money desk on the NYSE 
floor was eliminated in 1946. 

45 Friedman and Schwartz (1963, pp. 562-63, 623-24).

46 Federal Reserve Bank of New York Monthly Review (September 1942, p. 67).

47 Board of Governors of the Federal Reserve System (1943b, p. 108).

48 For information about the Fed’s Overnight Reverse Repurchase Agreement Facility, see  
https://www.federalreserve.gov/newsevents/pressreleases/monetary20200615b.htm. 

49 Federal Reserve Bank of New York Monthly Review (August 1947, p. 77). 

50 We located only two newspaper reports of trading between October 1942 and May 1945 (New York Times. “Excess 
Reserves at a 5-Year Low.” October 2, 1942, p. 33; and New York Times. “Member Banks Again Show Excess Reserves.” 
May 19, 1944, p. 24).

51 Federal Reserve Bank of New York Monthly Review (March 1950, pp. 27-28).

52 Board of Governors of the Federal Reserve System (1959, pp. 17, 46, 48). The timing difference created opportuni-
ties for arbitrage and regulatory avoidance (see, e.g., Coats, 1981). It did not disappear until 1981, when the New 
York Fed agreed to integrate the New York Clearing House interbank payments system (which had become 
“CHIPS”) into the Fed’s transfer system (which had become “Fedwire”) (Stigum, 1990, pp. 206, 894, 898). 

53 Federal Reserve Bank of New York Monthly Review (March 1950, p. 29); and Board of Governors of the Federal 
Reserve System (1959, p. 98). The federal funds rate did not rise above the discount rate until October 1964. Accord-
ing to Stigum (1990, pp. 544-45), this was because a stigma had developed against borrowing federal funds at 
rates above the discount rate: “[B]ankers feared that any bank that was willing to pay more than the discount rate 
for Fed funds would be subject to the accusation that for some reason it could not borrow at the window.... Finally, 
in 1964, Morgan [the New York commercial bank Morgan Guaranty Trust Company] decided that if any bank could 
get away with paying more than the discount rate for Fed funds, it could.”

54 Willis (1970, pp. 54-55).

55 Board of Governors of the Federal Reserve System (1959, p. 93).

56 Minsky (1957, p. 175).

57 Board of Governors of the Federal Reserve System (1959, pp. 5-6). See also Roosa (1956) regarding the linkages 
between the federal funds market and the government securities dealers.

58 Willis (1970, p. 56).

59 Shown in Figure A1 of the appendix, the volatility of our new series on the funds rate is similar to the Board’s series 
in 1954. 

https://www.federalreserve.gov/newsevents/pressreleases/monetary20200615b.htm
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60 Federal funds rate quotations and other market information were also occasionally published in the New York Times.

61 See FRED®, Federal Reserve Bank of St. Louis; https://fred.stlouisfed.org/categories/33951. 

62 The New York Herald Tribune (p. 30) explained that “For the nominal charge of one-fourth of 1 percent…[dealers] 
locate banks which are in need [of funds]. Conversely they locate prospective borrowers for banks which are faced 
with a plethora of excess deposits at the Reserve Bank…. Thus the rate was 3¾ bid, 4 percent asked, yesterday 
[April 4]. The discount house purchases the funds at 3¾ and sells them at 4 percent.” The explanation of the funds 
rate in the New York Herald Tribune is consistent with Turner’s (1931, p. 8) following description of the market: 
“Federal funds are usually quoted with a quarter of a point spread in rates; hence, when ‘Funds are 3¾—4[%]’ the 
bid rate is 3¾% and the asked rate is 4%.” Turner also reports that dealers in federal funds typically earned a quar-
ter point spread: “[T]hey would buy from the bank having a surplus [of funds] at say 3½% and sell to the bank that 
was short in its reserves at 3¾%” (p. 21) .

63 January 25, 1929; November 4, 1929; February 21, 1930; and April 20, 1931. 

64 In the accompanying dataset, observations for some dates are missing because either we were unable to locate 
the edition of the New York Herald Tribune in which the quotes appeared or the reported rates were illegible. 
Implausible observations include February 6, 1931, and June 20, 1931.

65 From June 1932 to February 1933, the Wall Street Journal reported rates in a manner that looks like bid and asked 
rates, such as “Federal funds 1/2% @ 3/4% [Wednesday], against 3/4% @ 1% Tuesday.”    

66 New York Herald Tribune. “Excess Reserves of Local Banks Reduced to $150,000,000 Level.” May 4, 1937, p. 31.

67 We recorded federal funds rate quotation from every issue of the New York Herald Tribune from April 5, 1928, 
through March 1, 1934, that we could locate, but because the reported rate rarely changed, we checked every 
third issue to verify the rate, focusing on periods when the rate was more likely to have changed. The rate 
reported in the Wall Street Journal was static from March 1934 through the end of 1944. We checked every third 
issue to verify the constant rate, focusing on periods when the rate was more likely to have changed.

68 From May 1937 until mid-July 1944, the Wall Street Journal reported “Federal funds offered at 1/4 of 1%.” On July 
18, 1944, the Wall Street Journal reported “Federal funds offered at 1/4 o [sic] 1%” and on the next day “Federal 
funds offered at 1/4 to 1%.” That phrase was repeated until May 1945. We believe that the shift from “of,” which 
would reflect a point rate, to “to,” which would reflect a range, is a typo, especially since there were no changes in 
any other money markets. 

69 Note that borrowed reserves refer to the outstanding stock of Fed discount window loans and are referred to as 
“bills discounted” in the source.

REFERENCES
Accominotti, Olivier. “London Merchant Banks, the Central European Panic, and the Sterling Crisis of 1931.” Journal 

of Economic History, 2012, 72(1), pp. 1-43; https://doi.org/10.1017/S0022050711002427.

Beckhart, Benjamin H. The New York Money Market, Volume III: Uses of Funds. New York: Columbia University Press, 
1932; https://doi.org/10.7312/beck93862.

Board of Governors of the Federal Reserve System. Banking and Monetary Statistics, 1914-1941. Washington, D.C., 
1943a.

Board of Governors of the Federal Reserve System. Twenty-Ninth Annual Report of the Board of Governors of the 
Federal Reserve System, 1942. Washington, D.C., 1943b. 

Board of Governors of the Federal Reserve System. The Federal Funds Market – A Study by a Federal Reserve System 
Committee. Washington D.C., 1959.

Board of Governors of the Federal Reserve System. Banking and Monetary Statistics, 1941-1970. Washington D.C., 
1976. 

Bordo, Michael and Sinha, Arunima. “A Lesson from the Great Depression that the Fed Might have Learned: A 
Comparison of the 1932 Open Market Purchases with Quantitative Easing.” NBER Working Paper 22581, National 
Bureau of Economic Research, 2016; https://doi.org/10.3386/w22581.

https://fred.stlouisfed.org/categories/33951
https://doi.org/10.1017/S0022050711002427
https://doi.org/10.7312/beck93862
https://doi.org/10.3386/w22581


Anbil, Carlson, Hanes, Wheelock

Federal Reserve Bank of St. Louis REVIEW First Quarter 2021      69

Burgess, W. Randolph. The Reserve Banks and the Money Market. New York: Harper, 1936.

Chandler, Lester V. Benjamin Strong, Central Banker. Washington, D.C.: The Brookings Institution, 1958.

Coats, Warren L. “The Weekend Eurodollar Game.” Journal of Finance, June 1981, 36(3), pp. 649-59;  
https://doi.org/10.1111/j.1540-6261.1981.tb00650.x.

Dewey, Davis and Shugrue, Martin. Banking and Credit. New York: The Ronald Press Company, 1922.

Ennis, Huberto M. and Keister, Todd. “Understanding Monetary Policy Implementation.” Federal Reserve Bank of 
Richmond Economic Quarterly, Summer 2008, 94(3), pp. 235-63.

Federal Reserve Bank of New York. “Federal Funds.” Federal Reserve Bank of New York Monthly Review, March 1950, 
pp. 28-30.

Fohlin, Caroline. “Did the Founding of the Fed Stabilize the Overnight Funding Market? New Evidence from Daily 
Call Money Rates, 1900-33.” Working paper, 2020.

Friedman, Milton and Schwartz, Anna J. A Monetary History of the United States 1867-1960. Princeton: Princeton 
University Press, 1963.

Griffiss, Bartow. “The New York Call Money Market.” Johns Hopkins University Dissertation, 1923.

Hanes, Christopher. “The Liquidity Trap and U.S. Interest Rates in the 1930s.” Journal of Money, Credit and Banking, 
February 2006, 38(1), pp. 163-94; https://doi.org/10.1353/mcb.2006.0017.

Hanes, Christopher. “Quantitative Easing in the 1930s.” Journal of Money, Credit and Banking, August 2019, 51(5), 
pp. 1169-207; https://doi.org/10.1111/jmcb.12589.

Hsieh, Chang-Tai and Romer, Christina D. “Was the Federal Reserve Constrained by the Gold Standard during the 
Great Depression? Evidence from the 1932 Open Market Purchase Program.” Journal of Economic History, March 
2006, 66(1), pp. 140-76; https://doi.org/10.1017/S0022050706000064.

Hurley, Evelyn. “The Commercial Paper Market.” Federal Reserve Bulletin, June 1977, pp. 525-36.

Kliesen, Kevin L. and Wheelock, David C. “Managing a New Policy Framework: Paul Volcker, the St. Louis Fed, and 
the 1979-82 War on Inflation.” Federal Reserve Bank of St. Louis Review, 2021, 103(1), pp. 71-97.

Meek, Paul. “Discount Policy and Open Market Operations,” in Reappraisal of the Federal Reserve Discount Mechanism. 
Washington, D.C.: Board of Governors of the Federal Reserve System, 1972.

Meeker, J. Edward. The Work of the Stock Exchange, revised edition. New York: Ronald Press Company, 1930.

Meltzer, Allan H. A History of the Federal Reserve, Volume 1: 1913-1951. Chicago: University of Chicago Press, 2003; 
https://doi.org/10.7208/chicago/9780226519982.001.0001.

Miller, Stanley L. “Financing Security Brokers and Dealers,” in Money Market Essays. New York: Federal Reserve Bank 
of New York, March 1952, pp. 27-33.

Minsky, Hyman P. “Central Banking and Money Market Changes.” Quarterly Journal of Economics, May 1957, 71(2), 
pp. 171-87; https://doi.org/10.2307/1883812.

Myers, Margaret G. The New York Money Market, Volume I: Origins and Development. New York: Columbia University 
Press, 1931; https://doi.org/10.7312/myer93866.

New York Clearing House Association. Constitution of the New York Clearing House Association. Also Clearinghouse 
Rules, Scale of Fines, Collection Charges, and Holiday Laws of New York State. New York: New York Clearing House 
Association, 1920.

Odell, Kerry A. and Weidenmier, Marc D. “Real Shock, Monetary Aftershock: The 1906 San Francisco Earthquake 
and the Panic of 1907.” Journal of Economic History, December 2004, 64(4), pp. 1002-27;  
https://doi.org/10.1017/S0022050704043062.

Officer, Lawrence H. “The Remarkable Efficiency of the Dollar-Sterling Gold Standard, 1890-1906.” Journal of 
Economic History, March 1989, 49(1), pp. 1-41; https://doi.org/10.1017/S0022050700007324.

Poole, William. “Commercial Bank Reserve Management in a Stochastic Model: Implications for Monetary Policy.” 
Journal of Finance, December 1968, 23(5), pp. 769-91; https://doi.org/10.1111/j.1540-6261.1968.tb00316.x.

https://doi.org/10.1111/j.1540-6261.1981.tb00650.x
https://doi.org/10.1353/mcb.2006.0017
https://doi.org/10.1017/S0022050706000064
https://doi.org/10.7208/chicago/9780226519982.001.0001
https://doi.org/10.2307/1883812
https://doi.org/10.7312/myer93866
https://doi.org/10.1017/S0022050704043062
https://doi.org/10.1017/S0022050700007324
https://doi.org/10.1111/j.1540-6261.1968.tb00316.x


Anbil, Carlson, Hanes, Wheelock

70      First Quarter 2021 Federal Reserve Bank of St. Louis REVIEW

Rappoport, Peter and White, Eugene N. “Was There a Bubble in the 1929 Stock Market?” Journal of Economic 
History, September 1993, 53(3), pp. 549-74; https://doi.org/10.1017/S0022050700013486.

Riefler, Winfield W. Money Rates and Money Markets in the United States. New York: Harper, 1930.

Roosa, Robert V. Federal Reserve Operations in the Money and Government Securities Markets. New York: Federal 
Reserve Bank of New York, 1956.

Spahr, Walter Earl. The Clearing and Collection of Checks. New York: Bankers Publishing Company, 1926.

Steiner, W. H. “Paper Eligible for Rediscount at Federal Reserve Banks: Theories Underlying Federal Reserve Board 
Rulings.” Journal of Political Economy, June 1926, 34(3), pp. 327-48; https://doi.org/10.1086/253765. 

Stigum, Marcia L. The Money Market, Third Edition. Chicago: Irwin, 1990.

Sylla, Richard. “Federal Policy, Banking Market Structure, and Capital Mobilization in the United States, 1863-1913.” 
Journal of Economic History, December 1969, 29(4), pp. 657-86; https://doi.org/10.1017/S002205070007193X.

Turner, Bernice. The Federal Fund Market. New York: Prentice-Hall, 1931.

Turner, Robert C. Member Bank Borrowing. Columbus, OH: Ohio State University Press, 1938.

Watkins, Leonard. Bankers Balances. Chicago: A.W. Shaw Company, 1929.

White, Eugene. “The Stock Market Boom and Crash of 1929 Revisited.” Journal of Economic Perspectives, 1990, 4(2), 
pp. 67-83; https://doi.org/10.1257/jep.4.2.67. 

Whitesell, William. “Interest Rate Corridors and Reserves.” Journal of Monetary Economics, September 2006, 53(6), 
pp. 1177-95; https://doi.org/10.1016/j.jmoneco.2005.03.013.

Whittlesby, Charles R. Bank Liquidity and the War. New York: National Bureau of Economic Research, 1945.

Willis, Parker B. The Federal Funds Market: Its Origins and Development. Boston: Federal Reserve Bank of Boston, 1957; 
reprinted and extended, 1970.

https://doi.org/10.1017/S0022050700013486
https://doi.org/10.1086/253765
https://doi.org/10.1017/S002205070007193X
https://doi.org/10.1257/jep.4.2.67
https://doi.org/10.1016/j.jmoneco.2005.03.013


Managing a New Policy Framework: 
Paul Volcker, the St. Louis Fed,  

and the 1979-82 War on Inflation

Kevin L. Kliesen and David C. Wheelock

1 INTRODUCTION
Paul A. Volcker was confirmed by the United States Senate as the twelfth Chairman of 

the Board of Governors of the Federal Reserve System on August 6, 1979. Prior to this appoint
ment, Volcker was serving as the president of the Federal Reserve Bank of New York. Although 
his public service encompassed years before and after his term at the Fed, many believe that 
Volcker’s crowning achievement was leading the Federal Open Market Committee’s (FOMC’s) 

In October 1979, Federal Reserve Chairman Paul Volcker persuaded his Federal Open Market Com
mittee (FOMC) colleagues to adopt a new policy framework that (i) accepted responsibility for con
trolling inflation and (ii) implemented new operating procedures to control the growth of monetary 
aggregates in an effort to restore price stability. These moves were strongly supported by monetarist 
oriented economists, including the leadership and staff of the Federal Reserve Bank of St. Louis. The 
next three years saw inflation peak and then fall sharply but also two recessions and considerable 
volatility in interest rates and money supply growth rates. This article reviews the episode through 
the lens of speeches and FOMC meeting statements of Volcker and St. Louis Fed president Lawrence 
Roos and articles by Roos’s staff. The FOMC adopted monetarist principles to establish the Fed’s 
antiinflation credibility, but Volcker was willing to accept deviations of money growth from the 
FOMC’s targets, unlike Roos, who viewed the targets as sacrosanct. The FOMC abandoned monetary 
aggregates in October 1982 but preserved the Fed’s commitment to price stability. The episode illus
trates how Volcker used a change in operating procedures to alter policy fundamentally and later adapt 
the procedures to changed circumstances without abandoning the foundational features of the policy. 
(JEL E42, E52, E58, N22)
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successful fight against the Great Inflation. Volcker died on December 8, 2019, at the age of 
92. Upon learning of his passing, Federal Reserve Chair Jerome Powell issued a statement 
noting that Volcker “exemplified the highest ideals—integrity, courage, and a commitment 
to do what was best for all Americans. His contributions to the nation left a lasting legacy.”1 

Volcker was appointed Fed Chairman after a decade of high and rising inflation that was 
undermining economic stability. Determined to slay inflation once and for all, Volcker 
pushed the FOMC in October 1979 to adopt new operating procedures to control the growth 
of monetary aggregates, which he argued was important for bringing down the rate of infla
tion. The FOMC’s acceptance of Volcker’s recommendation was widely regarded as a victory 
for “monetarist” principles espoused by Milton Friedman, Karl Brunner, Allan Meltzer, and 
many other economists. The Fed’s “monetarist experiment” ended in October 1982 when the 
FOMC largely abandoned the targeting of monetary aggregates, but by that point inflation 
had already peaked and was trending downward. 

The “Volcker disinflation” has been widely studied and discussed, with most of the focus 
being on the Fed’s adoption of new operating procedures in October 1979 and subsequent 
actions to bring inflation under control.2 By contrast, this article examines the episode from 
the perspective of the leadership and economists of the Federal Reserve Bank of St. Louis. 
The St. Louis Fed had long been known as the “maverick” Bank within the System because its 
presidents and staff advocated monetarist policy prescriptions and frequently clashed, both 
privately and publicly, with the Board of Governors, its staff, and a majority of FOMC mem
bers. Volcker would later note in an interview that “the thorn in everyone’s side for a couple 
of decades was the St. Louis Reserve Bank. It went off on its own tack very noisily.”3 

The FOMC’s apparent acceptance of monetarism in October 1979 was widely seen as a 
victory for the St. Louis Fed. In the words of Anatol (Ted) Balbach, who led the Bank’s Research 
Department at the time, “[T]he greatest achievement of St. Louis, is precisely…that Volcker 
finally bit the bullet and controlled the money supply.”4 Lawrence Roos, president of the 
Federal Reserve Bank of St. Louis at the time, heartily approved of the change in operating 
procedures and publicly praised Volcker’s leadership. Roos had been appointed to lead the 
St. Louis Fed in 1976 upon the resignation of Darryl Francis. Supported by the St. Louis Fed’s 
longtime research director Homer Jones and his staff economists, Francis had vigorously 
advocated monetarist policy prescriptions. Although not an economist himself, Roos adopted 
the monetarist viewpoint of his predecessor and staff in his public remarks and statements at 
FOMC meetings.5 At first, Roos counseled patience with the new regime even when economic 
activity faltered. Over time, however, he and his staff grew increasingly critical as the Fed was 
either unable or unwilling to hit consistently its announced targets for money growth. Whereas 
Roos’s speeches and remarks at FOMC meetings reflected an unwavering monetarist position, 
Volcker was a pragmatist who was unwilling to pursue strict monetary targeting when the 
relationship between money growth and nominal spending appeared to break down and the 
economy faltered. Drawing from the public remarks and statements at FOMC meetings of 
Volcker and Roos and articles in the Federal Reserve Bank of St. Louis Review, we document 
the growing divisions between Volcker’s policies and the strict monetarist position of the 
St. Louis Fed, from the adoption of the new operating procedures in October 1979 to their 
abandonment in October 1982. 
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This article is primarily retrospective. One of our motivations for writing the article is to 
honor one of the major players in a key episode of the Fed’s history. Volcker was a forceful 
leader who acted on his conviction that a regime change was necessary to bring inflation under 
control. Many of the obituaries and commentary after his death approvingly cited Volker’s 
commitment to restoring price stability and the Fed’s credibility.6 Volcker’s policies were con
troversial at the time, however, and arguably contributed to a severe “doubledip” recession 
in 198081. However, in hindsight at least, they have been widely hailed as appropriate and 
necessary to win the fight against inflation.7 Besides offering a new perspective on this import
ant episode in U.S. monetary history, the article illustrates some of the challenges a central 
bank can face when it adopts a new policy framework and how the Volcker Fed navigated 
those challenges. We conclude by considering the lasting influence of the “monetarist exper
iment” on Federal Reserve monetary policy and in particular how Volcker adapted the Fed’s 
operating framework in a way that preserved the fundamental focus of policy on price stability 
and set the stage for the Great Moderation era that followed.8 Such episodes can provide insights 
for policymakers contemplating significant changes in their policy frameworks, such as the 
FOMC framework review announced in late 2018.9 

The next section provides background on the 197982 regime and the motivation for 
adopting new operating procedures. Section 3 briefly discusses some key aspects of the pro
cedures. Sections 4 and 5 draw on Roos’s speeches and FOMC remarks and select articles in 
the Federal Reserve Bank of St. Louis Review, to illustrate how Volcker’s policies diverged from 
the monetarist positions long advocated by the leaders and economists of the St. Louis Fed. 
Section 6 discusses the legacy and lessons of the Fed’s “monetarist experiment” of 197982.

2 THE GREAT INFLATION 
The Fed adopted the new operating procedures in the midst of what is now called the 

Great Inflation.10 For the first half of the 1960s, inflation, as measured by the 12month percent 
change in the allitems consumer price index (CPI), was relatively low and stable, averaging 
less than 2 percent. Beginning in the latter half of the decade, inflation began an inexorable 
rise. As seen in Figure 1, the 197071 and 197375 recessions temporarily reduced inflation. 
However, the disinflation did not persist, as each successive recession saw a higher rate of 
inflation than the previous recession’s peak. By the time of the 1980 recession, CPI had reached 
nearly 15 percent, a high not seen in more than 30 years.11 

Much of the academic literature and the reflections of many current and former Federal 
Reserve policymakers and economists point to the failure of monetary policy to restrain infla
tion. The Federal Reserve had three Chairmen in the Great Inflation era before Volcker—
William McChesney Martin Jr., Arthur Burns, and G. William Miller. Burns most notably 
blamed inflation on various nonmonetary forces, though he was not the only Fed policy
maker to minimize the role of monetary policy. Fed Governor Sherman Maisel, for example, 
expressed a widely held view among Fed officials that rising inflation in the 1960s and early 
1970s was caused by “government deficits;…speculative investment in plant, equipment, 
and labor by business corporations;…use of economic power to raise wages and profits;…
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But most significant were the government budget deficits.”12 Volcker would later comment 
that he had been “uncomfortable” with Burns’s monetary policy during Volcker’s tenure at the 
Treasury Depart ment in the early 1970s.13 However, like Burns and others, Volcker attributed 
inflation to multiple causes, including the two oil price shocks of the 1970s, though Volcker 
acknowledged that monetary policy had “contributed” to the Great Inflation.14 Other than at 
the Federal Reserve Bank of St. Louis, there was little acceptance within the Federal Reserve 
System of the view that inflation was caused by excessive growth of the money supply or that 
tighter monetary policy was capable of reducing inflation, at least not without causing a severe 
and unacceptable recession.15 

St. Louis Fed president Lawrence Roos expressed the monetarist view of inflation often 
in speeches and statements at FOMC meetings, including this particularly succinct example: 

The cause of inflation is a consistent growth of the money supply that exceeds the growth 
of economic output. It is not excessive wage demands, large government deficits or the 
adverse balance of trade that causes inflation. These are the results of inflation. It is the 
growth of the money supply, itself, that is the direct cause!16 (Emphasis in original.)

The views that Roos expressed reflected the monetarist position that irresponsible monetary 
policy had caused the Great Inflation. For example, in 1979, future St. Louis Fed president and 
noted monetarist William Poole wrote that despite Burn’s vociferous warnings about the 
dangers of an inflationary monetary policy, “It pains me to have to say it, but under Arthur 
Burns Federal Reserve policy permitted money growth zigzags to accumulate to produce one 
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The CPI Inflation Rate, 1960 to 1984
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of the most inflationary policies over an eightyear period of any eightyear period since the 
establishment of the Federal Reserve System.”17

Volcker came into office with a clear determination to restore price stability. Indeed, he 
told President Carter as much prior to his nomination.18 Volcker advocated a “practical mone
tarism,” however, rather than the strict constant money growth rule advocated by Friedman.19 
In 1979, that meant publicly committing the Fed to controlling the growth of monetary aggre
gates, which Volcker saw as necessary to establishing the Fed’s antiinflation credibility and 
the only way to persuade the FOMC to tighten policy sufficiently to break the inflation psychol
ogy that had become cemented in financial markets.20 

3 THE NEW OPERATING PROCEDURES
Much has been written about the Fed’s regime change in October 1979. We do not pro

vide a detailed explanation of the mechanics of the new framework here, but instead focus on 
the FOMC’s motivation for adopting new procedures and how monetary policy subsequently 
evolved. For Volcker, restoring the Fed’s credibility with markets was a key motivation for 
switching to a monetary targeting framework. When asked later why the Fed had so much 
difficulty establishing its credibility in the fight against inflation, Volcker responded, “Because 
you had gone through a decade of rising inflation and a chorus of criticism. It was a constant 
feeling that we were behind the curve in dealing with inflation.”21 

Volcker was especially sensitive to the market’s interpretation of three dissenting votes 
against a discount rate increase in September 1979, worrying that they would signal a disin
clination to tighten policy going forward. Thus, Volcker argued that a dramatic move was 
required to change inflation expectations: “So I thought, ‘We’ve run out of steam on this 
particular approach. Let’s think of something that’s really going to impress the market.’”22

Summary of the New Procedures

The new procedures were designed to improve the Fed’s control over the growth rate of 
monetary aggregates. At a basic level, they reflected a change in the relative weights that the 
Committee placed on money growth versus the federal funds rate. The FOMC had monitored 
the growth of monetary aggregates since the early 1970s, and in response to a Congressional 
resolution had been setting explicit target ranges for money stock growth since 1975.23 Lang 
(1980, pp. 910) summarizes the FOMC’s procedures before the October 1979 change as 
follows:

The FOMC at each meeting set an intermeeting range for the federal funds rate, along with 
tolerance ranges for M1 and M2 growth over the following two months. Within the federal 
funds rate range, the Committee specified an initial level of the funds rate that was thought 
to be consistent with the shortrun ranges set for M1 and M2. The twomonth ranges for 
M1 and M2, in turn, were intended to provide an indicator to determine when changes 
to the federal funds rate should be made (subject to its own range). These shortrun ranges 
were specified over moving twomonth periods.  
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The federal funds rate was the FOMC’s operating target, and the Committee instructed 
the Manager of the System Open Market Account to use open market operations to adjust 
the funds rate within a fairly narrow range, typically 50 to 75 basis points. If conflicts between 
the federal funds rate and money growth targets arose, the FOMC usually gave precedence to 
the funds rate target (Lindsey, 1986). 

In proposing the new framework to the FOMC, Volcker explained that the procedure 
“involves managing Desk operations from week to week essentially with a greater effort to 
bring about a reserve path that will in turn achieve a money supply target…recognizing that 
it would require a wider range for the federal funds rate.”24 The FOMC expanded its tolerance 
range for the federal funds rate, initially to 400 basis points, and no longer specified a target 
level for the federal funds rate as the shortrun operating objective. For example, the Committee’s 
October 6, 1979, policy directive stated that the FOMC “seeks to restrain expansion of reserve 
aggregates to a pace consistent with deceleration in growth of M1, M2, and M3 in the fourth 
quarter of 1979 to rates that would hold growth of these monetary aggregates over the whole 
period from the fourth quarter of 1978 to the fourth quarter of 1979 within the Committee’s 
longerrun ranges, provided that in the period before the next regular meeting the weekly 
average federal funds rate remains within a range of 11½ to 15½ percent.”25 

Whereas the old procedure involved using openmarket operations to stabilize the federal 
funds rate, under the new procedure, the Desk used open market operations to achieve a path 
for nonborrowed reserves that staff projected as appropriate for achieving the Committee’s 
growth objectives for the M1 and M2 monetary aggregates, so long as the federal funds rate 
remained within its now much wider tolerance range. According to Lang, “In effect, the new 
procedures allow the Manager of the System Open Market Account to stabilize growth of 
nonborrowed reserves within narrower limits. The old procedure, in contrast, forced the 
Manager to keep the federal funds rate within narrow limits, which resulted in wider fluctua
tions in the growth of nonborrowed reserves.”26

Although typically referred to as a change in operating procedure, the Fed’s new policy 
framework was more than a simple technical change. Meltzer writes that “The change in oper
ating procedures intended to signal the change in the System’s commitment to put greatest 
weight on inflation and expectations of inflation…The objective was much more important 
and durable than the change in procedures.”27 The new regime represented a fundamental 
departure from previous policy. For the first time, the Fed accepted two key monetarist prin
ciples: (i) that inflation is a monetary phenomenon and thus the responsibility of the central 
bank and (ii) that reducing inflation requires slowing the growth of the money stock. These 
two principles underpinned Milton Friedman’s famous assertion that “inflation is always and 
everywhere a monetary phenomenon” and his advocacy of a constant money growth rate rule 
for monetary policy.28 

4 SUPPORT FOR VOLCKER AND THE NEW OPERATING PROCEDURES
Volcker was firmly committed to price stability. He rejected the idea of a tradeoff between 

the Fed’s inflation and employment goals: “[M]y basic philosophy is over time we have no 
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choice but to deal with the inflationary situation because over time inflation and the unem
ployment rate go together…The growth situation and the employment situation will be better 
in an atmosphere of monetary stability.”29 In rejecting an exploitable tradeoff between infla
tion and unemployment, Volcker was aligned with the St. Louis Fed’s traditional monetarist 
view. That view was developed under Homer Jones, the Bank’s research director in the 1960s 
and early 1970s, and advocated by the Bank’s presidents, notably Roos and his immediate prede
cessor, Darryl Francis (Hafer and Wheelock, 2003). Like the monetarists, Volcker believed 
that reducing inflation required controlling the growth of the money stock: “To my mind, 
monetary aggregate targets are a useful—even a necessary—gauge of appropriate monetary 
policy action in bringing inflation under control.”30 And he testified that controlling growth 
of monetary aggregates was “indispensable…if we’re going to have price stability…If the 
growth of money is excessive over a period of time, we’re going to have inflation.”31 

The president and staff of the Federal Reserve Bank of St. Louis strongly supported the 
FOMC’s new operating framework.32 During the October 6, 1979, FOMC meeting, Volcker 
presented two options to the Committee for the effort to reduce inflation and inflation expec
tations: (i) a “traditional” approach centered on increases in the discount rate and the federal 
funds rate and (ii) “a change in the emphasis of our operations.”33 Volcker elaborated on the 
second option later in the discussion: “This is a time when it may be particularly important 
to our credibility and to the economy and to psychology and everything else that we provide 
ourselves with greater assurance that we will get a handle on the money supply.”34 

Not surprisingly, the proposed change in operating procedures was music to Roos’s ears: 
“Well, Mr. Chairman, I assume that my credibility with you and my colleagues would be 
severely jeopardized if I came out flatly in opposition to this proposal! (Laughter) I also was 
told by my father to keep my mouth shut when things are going well. So all I’ll say is briefly: 
God bless you for doing this! (Laughter).”35 The following Monday, Columbus Day, the Wall 
Street Journal published a story quoting several monetarists, including an ecstatic Roos: 
“Except for the unfortunate coincidence of the holiday, champagne and beer would be flowing 
in the aisles here.”36 A few days after the Committee’s announcement of new procedures, Roos 
publicly praised the new approach using more measured language:

The announcement by Chairman Volcker on Saturday, October 7, that the Federal 
Reserve is changing its procedures of monetary policymaking to place more emphasis on 
controlling growth of the reserve aggregates while permitting interest rates to fluctuate 
freely, represents a giant step in correcting past mistakes. There is no doubt in my mind 
that if this new approach is effectively implemented in the upcoming months and years, 
we can achieve control over the growth of money and, consequently, control over the 
“basis” rate of inflation. Similarly, we can avoid the adverse real sector impacts that have 
resulted from unintended drastic shortrun fluctuations in the growth of money around 
its longerrun trend rate of growth…I am enthusiastic and encouraged about the change 
in the policymaking process that has occurred.37 

In a speech to the American Bankers Association on October 9, 1979, Volcker outlined 
the policies adopted and said that “this is a time for testing—a testing not only of our capacity 
collectively to reach coherent and intelligent policies, but to stick with them.”38 He warned 
the bankers, and implicitly the public, that the road ahead would be difficult:
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[T]hose measures were not designed to make your life as bankers easier. Their purpose is 
rather to deal forcefully and responsibly with the economic and financial situation as we 
see it: strong inflationary pressures; concern, exaggerated concern in my judgment, that 
excessive growth in money and credit might be permitted by the Federal Reserve, fueling 
still more inflation; and an emerging speculative atmosphere and unsettled markets that 
could only complicate the job of restoring and maintaining orderly economic growth at 
home and stability in the dollar abroad.39

Roos and the St. Louis Fed staff remained supportive of Volcker and his policies, at least 
for a time. In early 1980, Roos publicly praised the FOMC’s announced targets for growth of 
the monetary aggregates: “The policy goals for money growth for the year 1980, as announced 
today by Chairman Volcker, are clearly a step in the right direction for reducing inflation in 
the 1980s.” Roos also denied that the policy would cause a recession: “While a recession might 
occur in 1980 as a result of certain nonmonetary induced factors such as excessive increases 
in energy prices, monetary policy, if kept within its announced targets, will not contribute to 
such downward pressures.” And he was confident in Volcker’s resolve: “I believe we will stick 
to our new game plan. I base this belief on my personal knowledge of Paul Volcker as being a 
courageous and determined Chairman who has succeeded in gaining unanimous support of 
the members of the Federal Open Market Committee for the new program.” Further, “If the 
Federal Reserve is to maintain its credibility, it must adhere to its new direction of policy.”40 

5 A GROWING DIVIDE
Behind the scenes, Roos worried that the FOMC was not doing enough to hit its money 

stock growth targets. Referring to frequent deviations of actual from target money growth, 
Roos argued that “[T]hese overshoots and shortfalls are not totally beyond our control…
We do have the ability at least to influence the growth of money in a very significant manner. 
I think not only is the credibility of our October 6 program at stake, but the very credibility 
of the Open Market Committee is at stake in terms of whether or not we perform what we’ve 
said we were going to accomplish.”41

Volcker countered that given all of the risks to the economy, “what impresses me is that the 
greatest risk in the world is not whether we miss our targets or not. I don’t want to miss our 
targets, but we have to put that in perspective of what is going on in the rest of the world. I don’t 
think we can avoid some judgment about what we should do to minimize those risks. We can’t 
escape them. But I don’t consider it a full answer to say we set down a target some time ago and 
we’ve got to hit the midpoint of that target, as much as I would like to do that in general.”42

Volcker reiterated this view at another meeting:

I think we have to recognize, first of all, that there is a certain artificiality in talking about 
these targets, however much the market is preoccupied with them and however much we 
are preoccupied with them. We talk about our credibility and that’s important. But credi
bility over time has to bear some relation to what is possible and what is desirable. And 
these targets were not exactly written in heaven. They were written by fallible people. 
And there are a lot of uncertainties in the economy and a lot of changes occurring in it. 
I’d love to meet these targets, but it is not absolutely the be all and end all of existence.43 
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Whereas Volcker equivocated about the need to hit the FOMC’s monetary targets, Roos 
remained adamant about the importance of staying the course: “Mr. Chairman, I think it’s 
more than the process. There is a very fundamental issue at this stage. The way this meeting 
is going and the way opinion is apparently evolving, we are getting right back to setting interest 
rate ranges and the stabilization of interest rates, and I could not go along with that. I think 
we’re turning the corner, all for the worse, to right back where we were.”44

Table 1
Longer-Run Growth Rate Ranges Adopted for the Monetary and Credit Aggregates

M1 M2

Period Range adopted Actual Range adopted Actual

March 1975–March 1976 5.0 - 7.5 5.3 8.5 - 10.5 9.7

1975:Q4–1976:Q4 4.5 - 7.5 5.8 7.5 - 10.5 10.9

1976:Q4–1977:Q4 4.5 - 6.5 7.9 7.0 - 10.0 9.8

1977:Q4–1978:Q4 4.0 - 6.5 7.2 6.5 - 9.0 8.7

1978:Q4–1979:Q4a 3.0 - 6.0 5.5 5.0 - 8.0 8.3

1979:Q4–1980:Q4b 4.0 - 6.5 7.3c,d 6.0 - 9.0 9.6

1980:Q4–1981:Q4 3.5 - 6.0 2.3c,e 6.0 - 9.0 9.5

1981:Q4–1982:Q4 2.5 - 5.5 8.5c 6.0 - 9.0 9.2

1982:Q4–1983:Q4 5.0 - 9.0f 7.2 7.0 - 10.0g 8.3

1983:Q4–1984:Q4h 4.0 - 8.0 6.0 - 9.0

1984:Q4–1985:Q4i 4.0 - 7.0 6.0 - 8.5

NOTE: a At the February 1979 meeting, the FOMC adopted a range for M1 for 1978:Q4 to 1979:Q4 of 1.5 to 4.5 percent. 
This range anticipated that shifting to ATS and NOW accounts in New York State would slow M1 growth by 3 percentage 
points. At the October meeting, it was noted that such shifts would reduce M1 growth by no more than 1.5 percentage 
points. Thus, the longer-run range for M1 was modified to 3 to 6 percent.
b Adopted at the February 1980 meeting, when the monetary aggregates on which these targets were based were  
redefined and new target ranges adopted. 
c The figures shown reflect target and actual growth of M1-B in 1980 and of shift-adjusted M1-B in 1981. M1-B was  
relabeled M1 in January 1982. The targeted growth for M1-A was 3.5 to 6 percent in 1980 (actual growth was 5 percent); 
in 1981, targeted growth for shift-adjusted M1-A was 3 to 5.5 percent (actual growth was 1.3 percent).
d When these ranges were set, shifts into other checkable deposits in 1980 were expected to have only a limited effect on 
growth of M1-A and M1-B. As the year progressed, however, banks offered other checkable deposits more actively and 
more funds than expected were directed to these accounts. Such shifts are estimated to have decreased M1-A growth 
and increased M1-B growth each by at least 0.5 percentage points more than had been anticipated.
e Adjusted for the effects of shifts out of demand deposits and savings deposits into other checkable deposits. At the 
February FOMC meeting, the target ranges for observed M1-A and M1-B in 1981 on an unadjusted basis, expected to be 
consistent with the adjusted ranges, were –4.5 to –2 percent and 6 to 8.5 percent, respectively. Actual M1-B growth (not 
shift adjusted) was 5.0 percent.
f Base period, adopted at the July 1983 FOMC meeting, is 1983:Q2. At the February 1983 meeting, the FOMC had adopted 
a target range for 1982:Q4 to 1983:Q4 for M1 of 4 to 8 percent. 
g Base period is the February-March 1983 average.
h Adopted at the February 1984 meeting.
i Tentatively adopted at the July 1984 meeting.

SOURCE: Lindsey (1986).
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The FOMC’s record at achieving its targets for money growth was spotty at best, and a 
continual source of frustration for Roos and disagreement with Volcker (as well as with some 
other FOMC participants and Board of Governors staff). Table 1 reports the annual mone
tary growth rate ranges for the M1 and M2 monetary aggregates. M1 growth exceeded the 
top end of its target range in three of four years from 1977 to 1980. M1 growth then slowed 
sharply in 1981 but accelerated again in 1982. M2 growth followed a similar pattern, exceed
ing the top end of its annual ranges in five of the nine time periods from March 1975 to the 
end of 1983. 

Publicly, Roos remained aligned with Volcker as external critics began to find fault with 
the FOMC’s new policy. The federal funds rate, which had traded close to 12 percent before 
the Fed’s October 6, 1979, announcement, jumped to 16 percent in late October before settling 
in the range of 1215 percent over the remainder of the year (Figure 2). The funds rate rose 
again sharply in 1980, peaking at nearly 20 percent in early April, then fell as the economy 
entered a recession. 

Roos defended the Fed and Volcker over high interest rates, arguing that monetary policy 
had “very little to do” with the increase in interest rates: “The Fed can cause a temporary 
increase in interest rates only by dramatically restricting the growth of bank reserves, and this 
has not been the case in recent months.” He went on to argue for staying the course in the fight 
against inflation: “The surest way to destroy a democracy is to tolerate runaway inflation.”45 
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The Discount Rate and the Federal Funds Rate, 1979 to 1983
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In a subsequent speech, Roos explained the impact of inflation expectations on interest rates: 
“As more people become convinced that the rate of growth of money is indeed being controlled 
and will continue to be reduced, inflationary expectations will recede and interest rates will 
continue to decline.”46

The Fed was widely blamed for the 1980 recession, which lasted from January to July of 
that year, and for a second, much deeper recession from July 1981 to November 1982.47 Sub
sequent research generally agrees that tighter monetary policy contributed to the recessions 
but that oil price shocks likely also played a role.48 The first shock followed the Iranian revo
lution in 1978, and the second was triggered by Iraq’s invasion of Iran in September 1980 
(Hamilton, 2011). Oil production fell sharply in both instances, causing the spot price of West 
Texas Intermediate crude oil to rise from about $15 per barrel in December 1978 to an average 
of $39.50 per barrel from April 1980 to July 1980.49

Credit controls also contributed to the 1980 recession. The Fed imposed credit controls 
in March 1980 at the request of the Carter Administration. Volcker later argued that the 1980 
recession was “kind of artificial” and largely caused by the credit controls, and that the episode 
“was a good lesson in unexpected results of government intervention.”50 Further, “[W]e put 
[controls] on one day, with a big White House announcement by the President, and the 
economy collapses the next day…Consumption just collapsed.”51 Money supply growth also 
weakened, partly a result of the credit controls, with M1 growth for the year of just 2.3 percent, 
well below the FOMC’s target range of 3.5 percent to 6 percent (see Table 1). 
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Growth Rate of the M1 Money Stock, 1972 to 1983
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Credit controls were discontinued on July 3, and both the economy and money stock 
growth soon began to recover. As seen in Figure 3, after slowing from 8.4 percent in February 
1980 to 4.1 percent in May 1980, M1 began to grow strongly, reaching an annual growth rate 
of 11.4 percent in April 1981.52 The federal funds rate dipped to 7.65 percent in early August 
and then started to increase. Roos pointed out that rising interest rates did not imply that 
monetary policy was tightening: “In the period from June to December 1980, the basic money 
supply grew at 14%, well above the Fed’s announced target ranges and far in excess of the 
inflationgenerating rates of growth that have occurred over the past several years. The present 
high interest rates are not caused by ‘tight’ credit policies, but rather by overly expansive 
monetary policy.” Roos remained steadfast in his view that the Fed should stay committed to 
controlling the growth of monetary aggregates: “During the year [1980] the money supply 
both overshot and undershot our announced targets to such an extent that some observers 
are questioning both the ability and the determination of the Fed to achieve its new objectives. 
I do not believe that the experience of one year is proof of the success or failure of the Fed’s new 
operating procedures…So I would hope that the Federal Reserve reaffirms its commitment 
to its program of monetary control as announced in October 1979, and revises, if necessary, 
its operating techniques in order to enable it better to hit its targets.”53

In a speech to the American Farm Bureau Federation in early 1981, Volcker acknowledged 
that “growth of the various money and credit measures during 1980 was close to, and in some 
instances slightly above, the upper end of the ranges set at the start of the year.” However, he 
stressed that “inflation is our number one problem.” Further, “inflation is the result of long
term monetary problems related to…the nation’s supply of money and credit to finance fed
eral deficits.”54 He went on to say that while he sympathized with the plight of those facing 
higher interest rates, the Fed would not be deterred from its commitment to fighting inflation:

Cyclical interest rate movements are, of course, not a new experience for farmers gener
ally. But I well understand that many of you find the current interest rate experience 
shocking and alarming. I have been made very aware of both the mounting strains of 
current interest rate levels and your fears for your future financial condition if the current 
levels of credit costs are permanent rather than a cyclical or temporary phenomenon. I 
sympathize with those concerns. But let me say frankly, I see no escape from those prob
lems by easing restraint on money and credit growth—by pumping up the money supply. 
Unfortunately, the historical record seems clear that it is inflation and not real growth 
that would increase as a result. Sooner or later—and it is all too likely to be sooner—
interest rates would rise again, as inflation became even more embedded in our society.55

Roos, of course, agreed with the sentiments about inflation that Volcker expressed to the 
Farm Bureau Federation. However, he publicly criticized the Fed for allowing “excessive 
gyrations [in money growth], and the associated erratic behavior of interest rates, [which] led 
to increased uncertainty as to the intended course of monetary policy and resulted in severe 
instability in financial markets. Thus, from the standpoint both of reducing inflation as well 
as achieving financial stability, the first year of the Fed’s new program was disappointing.” 
According to Roos, “The problem was one of procedure, not purpose.” And, “The Fed’s reluc
tance to change its operating techniques to a sufficient extent was, in my opinion, the primary 
cause of the poor results of 1980.” Roos went on to argue that the Fed should use the growth of 
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either total reserves or the monetary base as its operating target. He contended that targeting 
nonborrowed reserves did not work well because the Fed’s Open Market Desk would frequently 
alter the path of nonborrowed reserves in response to unforeseen changes in borrowed reserves. 
The problem, he argued, is that “Effective monetary control requires that reserves serve as a 
constraint on future money growth, rather than an accommodation of lending actions already 
taken by banks.” Further, he argued, “The Federal Reserve should eliminate all constraints 
on the federal funds rate. This change is, perhaps, the most crucial of all.”56

Roos’s public criticism of the FOMC’s approach alarmed Volcker, who saw the drumbeat 
of criticism from St. Louis as “undermining the Fed’s position.” In response, Volcker dispatched 
Vice Chairman Frederick Shultz to meet with the St. Louis Fed’s Board of Directors in May 
1981. According to Greider (1987, p. 390), the purpose was to upbraid Roos—”to muzzle their 
feisty president.” The effort seems to have been largely unsuccessful, as Roos and his staff con
tinued to speak and write critically about the Fed’s monetary policy.

The economic expansion that began in mid1980 continued well into 1981. Roos was 
generally satisfied with policy in the first half of 1981 and urged resolve in the fight against 
inflation: “[A]lthough money growth has been somewhat slower than its targeted path for 
the past four months and interest rates remain stubbornly high, we are now closer to our 
announced annual money growth paths than we were at this time last year. Furthermore, I 
am convinced that the Federal Reserve is steadfast in its determination not to exceed its 1981 
targets.” Roos was also pleased that the FOMC seemed to be paying less attention to interest 
rates: “Since October 1979, and following the Fed’s ‘learning experience’ in 1980, monetary 
policy has focused primarily on controlling the monetary aggregates rather than stabilizing 
interest rates. We no longer try to constrain shortterm fluctuation in interest rates.”57

Dissatisfaction with M1

The growth of monetary aggregates remained erratic, however, and the growth rates of 
different aggregates diverged. The Fed introduced a new aggregate, “shiftadjusted M1B,” in 
1981 to account for the nationwide introduction of the NOW account (an interestbearing 
checkable deposit) in January of that year (Thornton, 1982a). In the St. Louis Fed’s annual 
review of monetary policy over the preceding year, Thornton documented the FOMC’s conun
drum as the different aggregates diverged: “During most of the year, the Committee allowed 
shiftadjusted M1B to grow below the bottom of its annual target range when M2 grew within 
or at the top of its range. In the fourth quarter of the year, M2 was permitted to exceed the 
top of its annual range when the Committee increased the priority for a faster growth of the 
narrower aggregate in response to declining economic activity.”58  

The divergent growth rates of the different monetary aggregates led to calls for abandoning 
one or more of the aggregates altogether. Many argued for dropping the narrower M1 aggre
gates because they seemed especially sensitive to financial innovations and regulatory changes. 
By early 1980, Volcker was already suggesting a preference for focusing on the broader aggre
gates. For example, at the May 1980 FOMC meeting, he noted the following: “The thing that 
preoccupies me a little here—and I recognize that this is also the staff’s best professional judg
ment—is that the M2 and M3 figures are not as bad, in the sense of a decline, as are the M1 
figures. We’ve been putting an awful lot of weight on M1 because we get it weekly and it’s a 
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more immediate operating variable. But we used to do an awful lot of talking about how import
ant M2 and M3 were; and a lot of people thought they were more significant (than M1).”59

Bolstered by research produced by his staff economists, Roos remained loyal to M1, 
arguing that it is both more controllable and more closely correlated with growth in nominal 
spending: 

[C]onsistency is terribly important…I think you [Volcker] should tell Congress that we 
have fallen below the lower limits of our announced ranges for the narrow aggregates and 
that we are going to do what is necessary to get back within the ranges…We are going to 
get back into these ranges because we do not want to exacerbate the recession we are in. 
We don’t want to make it worse by continuing (to foster) growth of the narrow aggregates 
below the ranges…Incidentally, our people did a study of M2 and they feel that M2 is 
not an accurate predictor of GNP [gross national product], so I’d resist moving to place 
greater emphasis on our M2 targets.60  

Roos and Volcker continued their debate about monetary aggregates over the ensuing 
two years. At the March 2930, 1982, FOMC meeting, for example, Roos again expressed 
concern about volatile M1 growth, arguing that “if there is an April bulge [in M1 growth], it 
should be brought down almost as quickly as possible in order to permit money to grow gradu
ally over the last part of the year.” Volcker acknowledged Roos’s concern but reaffirmed his 
desire to focus on M2: “Given all the problems we have, I think it may make more sense in 
the short run—or even in the longrun period given the doubts about what M1 means in some 
cases—in effect to watch pretty closely what is happening to M2.”61

Roos also advocated for focusing on narrow monetary aggregates in his public remarks. 
Noting that recent fluctuations in nominal spending followed changes in M1 growth, Roos 
argued that “recent events have reaffirmed that M1, as currently defined, is a reliable measure 
of the thrust of monetary policy actions on the economy.” Further, he argued that “The prob
lem was not that the prescribed money targets have been erratic or inappropriate; rather, the 
problem was that money growth was sometimes inconsistent with the announced targets.” 
However, in his last speech as St. Louis Fed president, Roos acknowledged that temporarily 
deemphasizing M1 was understandable: “Actually what is being done is perfectly understand
able. It was induced by possible temporary distortions in the measurement of M1 and possible 
temporary shifts in the relationship of M1 to economic activity.” Nonetheless, he argued that 
M1 should ordinarily be the Fed’s preferred aggregate, though “there will be times when it 
will be necessary to redefine the M1 measure to adjust for innovations.”62 

Views on Public Support for Policy

Aside from debating about which monetary aggregate deserved the Committee’s focus, 
Roos and Volcker also disagreed about the public’s level of support for bringing inflation under 
control. At an FOMC meeting in December 1980, Roos stated: “Mr. Chairman, I’m going to 
address my brief remarks to the year 1981 in a broader context than usual. And I’m going to 
base my analysis on three fundamental factors that seem clear to me. One is that there has been 
an unusually strong indication that the public as a whole places inflation at the top of its list 
of priorities requiring attack by the government, by agencies such as ours.” Volcker replied: 



Kliesen and Wheelock

Federal Reserve Bank of St. Louis REVIEW First Quarter 2021      85

“If I may just interject a comment, my perspective may be somewhat different. I am impressed 
by the number of comments I hear along the lines of: ‘If this is what dealing with inflation 
means, I’d rather have inflation.’”63 

Over the course of the year Roos discussed the importance of public and political support 
for what the Committee was trying to accomplish. At the July 7, 1981, FOMC meeting he 
expressed that “For once I feel a lot more satisfied with what is happening than do some of 
my colleagues here at this table…I think in the last several months our record on monetary 
policy—our record of holding monetary growth under control—has been quite remarkable.”64 
However, Roos’s optimism faded later in 1981 as the recession worsened, and during the last 
few meetings of the year he expressed concern that monetary policy was too tight: 

I would preface my remarks by saying that I still consider myself to be as hawkish in my 
desires to give top priority to dealing with the problem of inflation as one could be. On the 
other hand, as I recall when we set our annual target ranges this year, they represented a 
gradual reduction from the previous year and they were intended as an antiinflationary 
program…[I]f real output continues to (weaken) significantly, we are going to have in our 
economy and in our body politic a reaction for strong stimulus next year to get ourselves 
out of a recessionary situation. And that poses a real threat to our longterm efforts to cope 
with inflation.65 

Roos was also concerned that the FOMC would revert to its former operating procedures: 

I think there’s an even more fundamental concern as we look ahead and that is the deci
sion as to whether or not we ought to revert to our former practices. We know that our 
mission is to try to achieve reasonable price stability and to achieve steady economic 
growth. As some of you have said, it’s not desirable to have (large) variations or ups and 
downs in interest rates. Well, I would remind you that prior to October of 1979 we spent 
precious hours discussing whether or not interest rates should be set 1 point or 1/2 point 
higher or lower. We attempted to conduct monetary policy by targeting on interest rates.66 

Throughout 1982, with the economy in the throes of a deep recession, Roos often reported 
at FOMC meetings on interactions he had with business and labor leaders, usually indicating 
that the people he talked to understand the necessity of lowering inflation and the costs it entails:

There’s no question that the industries and, of course labor in terms of unemployment, 
are feeling very severe recessionary pressures. On the other hand—and I was especially 
interested in this reaction coming from the labor side—these people recognize that this 
was part of the process of bringing down inflation. They felt that whoever made the 
monetary policy and fiscal policy decisions of a year or two ago must have known that 
this downtrend would occur. They see it as a temporary phenomenon…And they were 
very strong in their support of monetary policy.67 

Roos’s contention that the public supported the Fed’s efforts to restore price stability 
undoubtedly reflected both his—and, importantly, Volcker’s—frequent public statements 
that bringing down inflation was crucial to restoring the underlying health of the economy. 
Volcker made at least 72 public statements—speeches, interviews, and Congressional testi
mony—between September 5, 1979, and December 14, 1982, or nearly three per month.68 
He said that “[e]very word I uttered was an attempt to educate the public or some member 
of the Congress. You are always very conscious of that.”69 Key to Volcker’s public education 
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efforts during this period was his common refrain on the importance of sticking with the new 
operating procedures. A good example was his interview with ABC News in August 1981:

But I think it is fair to say, I take it as a sign that there is still a lot of doubt, a lot of uncer
tainty...a lot of concern about economic policy in general, concern focused on whether 
we are going to be successful in dealing with inflation, whether we are going to stick with 
it, in the simple term. And my message there would be, yes, we intend to stick with it.70

The End of the New Operating Procedures 

Throughout 1982, the tension between the commitment to lower inflation and inflation 
expectations and the natural inclination to support a faltering economy was regularly at the 
forefront of FOMC deliberations. At the March 2930 meeting, Volcker noted that the staff 
was projecting a “pretty good recovery” and that, despite the recession, the Committee should 
not actively seek lower interest rates but instead preserve progress on inflation.71 However, 
as the year continued, the combination of slower money growth—and especially interest rate 
volatility—provided impetus for backing away from targeting monetary aggregates. 

At the August 24, 1982, meeting, Volcker stated that he was fed up with the volatility in 
interest rates. Roos again worried that any deemphasis of the monetary aggregates would be 
“read as a signal of a return to stabilizing interest rates.”72 Volcker’s frustration was telling, 
however, and appears to signal the coming end of the monetarist experiment:

I, frankly, cannot live in these circumstances, given what is going on in the money 
markets, with violent moves in shortterm rates in either direction. It would just be so 
disturbing in terms of expectations, market psychology, and fragility that it’s just the 
wrong policy, period, during this particular period. Again, that is not inconsistent with 
more moderate movements in either direction depending upon what happens to the 
aggregates. But I just think we’d end up in sheer confusion—more than confusion; we’d 
end up with an atmosphere in markets that deteriorates rather than improves things.73

In public remarks a little less than two months later, Volcker expressed that “there is 
growing evidence that the inflationary momentum has been broken. Indeed, with appropriate 
policies, the prospects appear good for continuing moderation in inflation in the months and 
years ahead.”74 However, he also warned that the days of targeting the monetary aggregates—
especially M1—were nearing an end:

We face over the next few months, not just the possibility but the virtual certainty of dis
tortions—distortions growing out of legislation and regulation—in the M1 number that 
is so widely followed in the markets…In the circumstances, I do not believe that, in actual 
implementation of monetary policy, we have any alternative but to attach much less than 
usual weight to movements in M1, over the period immediately ahead.75

The October 5 meeting was a milestone in that it marked the end of the operating proce
dures adopted in October 1979. As Figure 4 shows, Roos was an active participant at this meet
ing, as measured by number of key words spoken.76 Indeed, his word count at this meeting was 
surpassed only at the February 1982 meeting. Roos knew the outcome going in, commenting 
early in the meeting that the plan was to “bury my old friend M1,” but he sought to forestall 
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that outcome by requesting that “some study be done prior to changing our basic approach to 
policymaking…Couldn’t this matter be studied and couldn’t we have a summit meeting if 
necessary…prior to our next meeting of the FOMC to see what the best brains in the System 
think?” Volcker replied, “Well, yes and no is the answer, I think. Obviously, we can study the 
matter. I see no prospect that any amount of study is going to tell us what the behavior of M1 is 
going to be in the short run. It is unknowable, in my opinion, to all the best brains in the world.”77

With his tenure nearing an end, and the monetarist experiment on its death bed, Roos 
reminded the Committee of all that they had accomplished and warned, again, of the conse
quences of abandoning the monetary aggregates:

I do take exception to any implication that recent Federal Reserve policy has wrung out the 
economy of this country or has been detrimental to the international economy. I think 
what has occurred is more a result of ten or fifteen years of irresponsible monetary policies 
throughout the world—as well as a wellmeant effort on the part of the Federal Open 
Market Committee as long as I’ve been on it and until October 1979—to try to do just 
what we’re doing today, and that is to lean against interest rate movements. I think that 
contributed in a major way to inflation, which really led to this high interest rate pattern 
that we have. I believe that what we’re about to do today will unquestionably be viewed 
by those who watch what we do as a major change.78 

Roos ended his remarks by praising Volcker’s leadership during a difficult period. He 
added that the FOMC’s success in “wringing out the inflationary problem” had improved 
economic stability and restored the Fed’s credibility. However, Roos then warned that it would 
be a “gross mistake” to remove M1 from the directive because doing so would cause the public 
to question the FOMC’s commitment to price stability.79 

Volcker acknowledged the passion behind Roos’s views, but disagreed about the signal 
that abandonment of M1 would send to markets and the consequences thereof. He also 
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acknowledged the political risk, but argued if the economy weakened again, the Fed would 
“face legislation” that might limit its ability to conduct an independent monetary policy:

Most people in the financial markets at least, to put it bluntly, think we’ve overstayed the 
course now. It gets into this great question of credibility that I suppose we’re taking rather 
personally. At the risk of being misunderstood, following a mechanical operation because 
we think that’s vital to credibility and driving the economy into the ground isn’t exactly 
my version of how to maintain credibility over time.80 

The meeting continued with a long discussion over the wording of the policy directive. 
Roos did not participate in that discussion, and he did not have a vote on the directive. The 
Committee’s directive to the Open Market Desk called for putting “much less than usual 
weight” on M1 and did not specify growth ranges for that aggregate.81 Although the directive 
included targets for M2 and M3 growth, much of the Committee’s discussion focused on 
interest rates and the level of borrowed reserves that the Desk would target in implementing 
the Committee’s directive.82 Vice Chairman Anthony Solomon reconciled the directive’s focus 
on the broader monetary aggregates with the Committee’s interest rate objectives as follows: 
“(I)f one reads this carefully, we are really not targeting M2. We are targeting basically money 
market conditions.” Volcker described to the Committee that the assumed path for borrowed 
reserves under the proposed directive “would get a somewhat easier tendency in the federal 
funds rate…But I haven’t any particular target in mind. The implication is that we would keep 
the borrowing level more or less the same until something happened to throw us off—in eco
nomic activity, in financial markets, or in the actual growth of M2 and M3.”83 

Three Reserve Bank presidents dissented from the proposed directive: Robert Black 
(Richmond), William Ford (Atlanta), and Karen Horn (Cleveland). Black and Horn expressed 
a desire to retain focus on M1, while Ford preferred a tighter policy that was “more firmly 
directed toward restraining monetary growth.”84 Over their objections, the “monetarist 
experiment” effectively ended.

The following day, October 6, 1982, Roos gave a speech titled “Does Money Still Matter?” 
In his remarks, he reaffirmed the traditional St. Louis views about money and monetarism: 

[I]t is premature to talk about the death of monetarism…arguments purporting to show 
that monetarism and monetary targeting have failed are, in fact, groundless…Suggestions 
that the time has arrived to conduct monetary policy differently are without merit…

[R]recent events have reaffirmed that M1, as currently defined, is a reliable measure of 
the thrust of monetary policy actions on the economy…

[M]onetarist propositions did predict fairly precisely the economic consequences of 
erratically declining money growth since 1979 (emphasis in original)…

[A] gradual reduction in M1 growth…would have reduced inflationary pressures with 
minimum shocks to real output and employment. The problem was not that the pre
scribed money targets have been erratic or inappropriate; rather, the problem was that 
money growth was sometimes inconsistent with the announced targets.85 

Roos said relatively little in the economic and policy discussions at the final two FOMC 
meetings of his tenure (see Figure 4 and associated note). However, he was not averse to mak
ing bold predictions. He made the startling forecast that with faster money growth, lower 
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rates and fiscal stimulus, “doubledigit inflation” was likely to reemerge unless the Fed hit 
the brakes: 

If you count four or five months into the future, I’ll be fishing and you all will still be 
wrestling with this. But let’s assume that by forcing rates down a little you do achieve an 
improvement in the economy and this stimulus starts causing interest rates to rise next 
spring as this longsought recovery is reaching meaningful proportions. Yet money has 
grown so quickly that the prospect of inflation is heightened. Are you all going to be willing 
to apply the brakes at the time? If you don’t apply the brakes at that time, we’re going to be 
right back into doubledigit inflation rates in a few years.86

Others on the Committee expressed doubt about Roos’s scenario, though Volcker did not 
rule it out “entirely” while again discounting the signal from M1 growth and contending that 
the bulge in M1 growth was temporary but that M2 growth was likely to slow going forward, 
as documented in the meeting transcript:

MR. MORRIS. Somehow, Larry [Roos], that scenario doesn’t fly with me. I don’t think 
that’s the situation we’re in. 

MR. GRAMLEY. I’d sure be a lot happier about applying the brakes if the car were rolling 
rapidly down the hill than to roll it backward down the hill. 

MR. PARTEE. We’ll think of you though, Larry. 

CHAIRMAN VOLCKER. I don’t discount that (scenario) entirely. It is complicated by 
the budgetary situation. I don’t know that it would happen as soon as this spring, but I 
think it is possible. As I said before, we will not find this particular monetary growth 
(pattern) again. I don’t know what M1 is going to look like then. I’m not sure we’re going 
to find M2 all that rapid in those circumstances, but we’ll have to wait and see.87 

6 CONCLUDING OBSERVATIONS: THE LEGACY OF 1979-82 
In October 1982, the FOMC abandoned the new operating procedures and largely gave 

up on controlling the growth of monetary aggregates in favor of returning to a framework 
more focused on targeting the federal funds rate. The FOMC did not, however, abdicate 
responsibility for inflation. The policy framework adopted by the FOMC in October 1979 was 
more than a simple technical change about targeting reserve or monetary aggregates. Rather, 
it represented a fundamental change in the policy regime. For the first time in its history, the 
Fed acknowledged the central bank’s responsibility for inflation and need to control the money 
supply to achieve price stability. Although the FOMC abandoned monetary aggregate target
ing in late 1982, under the leadership of Paul Volcker and his successors, the Fed remained 
committed to achieving price stability. Inflation continued to fall, eventually to the 2 percent 
level that the FOMC, under Chairman Ben Bernanke, determined to be consistent with price 
stability.88 

Since the Financial Crisis of 200709, the FOMC has struggled more with inflation run
ning persistently below its 2 percent target than with keeping inflation down. This difficulty 
has, in part, led the FOMC to reexamine its policy framework and to consider such options 
as price level or average inflation targeting, and nominal GDP targeting.89 Some have questioned 
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the credibility of the Fed’s commitment to the 2 percent target or whether policymakers view 
2 percent as a ceiling rather than a symmetric objective. Seeing the credibility of their inflation 
objective as critical for achieving price stability, FOMC participants have stressed in speeches 
and other forums their commitment to the target and in 2019 the Committee revised its state
ment of longrun goals and monetary policy strategy to make clear that the FOMC would be 
concerned if inflation was running either above or below 2 percent. The FOMC revised its 
statement again in August 2020 when it formally adopted average inflation targeting and 
announced that “following periods when inflation has been running persistently below 2 per
cent, appropriate monetary policy will likely aim to achieve inflation moderately above 2 per
cent for some time.”90

The credibility of the FOMC’s commitment to price stability was also an important and 
frequently debated aspect of the Fed’s policy regime from 1979 to 1982, and a review of that 
experience can provide insights for policymakers today. In 1979, Volcker was concerned that 
the Fed had lost credibility and that an entirely new approach was required to restrain infla
tion expectations if inflation itself was to be brought under control. The FOMC’s strategy of 
making incremental adjustments to its target for the federal funds rate was not keeping infla
tion expectations, and therefore actual inflation, from rising. By announcing a new approach—
ostensibly the monetarist approach advocated by academic monetarists as well as the leadership 
and staff of the Federal Reserve Bank of St. Louis—Volcker sought to break ingrained inflation 
psychology, establish the Fed’s credibility, and thereby bring inflation under control. Unlike 
Lawrence Roos, however, Volcker was at most a “practical” monetarist, not a purist. He used 
monetarism as an expedient but was never a firmly committed monetarist. After adopting 
monetaristoriented measures in October 1979, Volcker’s commitment to targeting mone
tary aggregates soon waivered when an oil shock, financial deregulation, and credit controls 
resulted in extreme volatility in both money supply growth and interest rates. He became 
particularly disenchanted with M1, which was more susceptible to distortions caused by 
financial deregulation and innovations than M2 and M3. Volcker was willing to allow the 
growth of all of the monetary aggregates, but especially M1, to deviate from the Committee’s 
targets when doing so seemed appropriate given the state of the economy. He did not, how
ever, give up on the fundamental mission of restoring price stability.

Roos, by contrast, was firmly committed to monetarism throughout his tenure as presi
dent of the St. Louis Fed and consistently advocated for setting and hitting targets for the 
growth of M1. He frequently argued that the Fed’s credibility was at stake and that failure to 
hit the announced targets for money growth would be viewed as backsliding on inflation by 
returning to the Committee’s former operating procedures. For the most part, Roos dismissed 
the view that the money stock targets were hard, if not impossible, to hit, and he pressed the 
Committee to adopt procedures, such as targeting total reserves, that his staff argued would 
better control the growth of M1. Roos also tended to dismiss claims that deregulation and 
financial innovation had made M1 unreliable or disconnected from inflation and real activity. 
The views Roos represented were not those of a practical monetarist, but rather those of a purist. 

Whether the economic cost of reducing the rate of inflation would have been lower if the 
Fed had followed monetarist orthodoxy rather than Volcker’s pragmatic approach is unknow
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able. Inflation, as measured by the 12month percentage change in the allitems CPI, did fall 
dramatically. After reaching a (then) postWWII high of 12.2 percent in November 1974, 
inflation eventually soared even higher, reaching 14.6 percent in March and April 1980. By 
July 1983, CPI inflation had declined to 2.4 percent (see Figure 1). As Figure 5 shows, however, 
expost short and longterm real interest rates remained high for several years, suggesting 
that some doubts about the Fed’s commitment to price stability remained. However, when 
Volcker decided to abandon monetary aggregate targeting in 1982, he did not abandon his 
commitment to price stability. That central tenant of monetarism remained a key aspect of the 
policy regime that helped set the stage for the Great Moderation.91 In adopting new operating 
procedures in 1979, Volcker demonstrated how a change in operating procedures could help 
change policy fundamentally, whereas in 1982, he showed that it was possible to adapt methods 
to changed circumstances without abandoning the foundational aspect of the policy regime. 

Unlike Paul Volcker, Lawrence Roos was not an economist. His only formal training in 
economics came from his research director, Ted Balbach, and the staff economists who briefed 
him. It seems apparent from the transcripts that Roos was a quick study, however, or, at least, 
that he accepted and could effectively communicate the views of his staff in a cogent fashion. 
Those views, which reflected longheld positions of St. Louis Fed presidents and staff, were 
that inflation was too high and caused principally by poor monetary policy and that controlling 
the growth of the money supply was the only recipe for ending the Great Inflation. Fundamen
tally, those were also the views of Paul Volcker. n
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34 Quoted in Lindsey, Orphanides, and Rasche (2005, p. 203).

35 Quoted in Lindsey, Orphanides, and Rasche (2005, p. 204).

36 Quoted in Lindsey, Orphanides, and Rasche (2005, p. 206).

37 Roos (1979, pp. 5-6).

38 Volcker (1979, p. 4). 

39 Volcker (1979, p. 2).

40 Roos (1980a, pp. 3-5).

41 FOMC Transcript (May 20, 1980, p. 23).

42 FOMC Transcript (May 20, 1980, p. 28).

43 FOMC Transcript (October 21, 1980, p. 40).

44 FOMC Transcript (May 20, 1980, p. 42).

45 Roos (1980b, pp. 3, 4, and 6).

46 Roos (1980c, p. 5).

47 Greider (1987) details numerous accounts—including Congressional testimony—of individuals and business 
owners who believed they were adversely affected by the Fed’s new operating procedures that, in their view, 
triggered the double-dip recessions of the early 1980s. See in particular Chapter 12.

48 In an analysis of the Volcker disinflation, Goodfriend and King (2005) argued that output losses were magnified 
because the Fed’s regime change was not viewed as credible “for several years.” Bernanke, Gertler, and Watson 
(1997) find that shocks to monetary policy explain less than 20 percent of the variation in real GDP. However, since 
most recessions are preceded by an oil shock, they argue that the Fed’s role in the business cycle is amplified 
because of its response to oil price shocks.

49 See https://fred.stlouisfed.org/series/WTISPLC, monthly averages of daily data. Prior to 1982, West Texas Inter-
mediate crude oil used the “posted price,” which was effectively determined by the allowable production levels 
set by the Texas Railroad Commission and other state regulatory agencies.

50 Volcker (2008-10 interview,  pp. 135 and 139). 

51 Quoted in Hetzel (2008, p. 157). In the St. Louis Fed’s annual review of monetary policy over the preceding calendar 
year, Gilbert and Trebing (1981) concluded that credit controls contributed to turbulence in the economy and 
hampered the conduct of monetary policy by reducing demand for credit by more than anticipated.

52 We focus almost exclusively on M1, as it was the FOMC’s primary monetary target during 1979-82. The data plotted 
in Figure 3 use the current definition of M1, rather than the definition cited in Table 1.

53 Roos (1981a, pp. 5 and 7). St. Louis Fed economists concluded that money supply growth exceeded the FOMC’s 
targets in the second half of 1980 because the Committee did not follow its stated policy rather than because of 
flaws with the operating procedures (Gilbert and Trebing, 1981).

54 Volcker (1981a, pp. 1 and 4).

https://fred.stlouisfed.org/series/WTISPLC
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55 Volcker (1981a, pp. 6-7).

56 Roos (1981b, pp. 3-4, 5, 7). Roos’s argument for using total reserves or the monetary base, rather than nonborrowed 
reserves, as the Fed’s operating target was supported by St. Louis Fed research, for example, Thornton (1982b).

57 Roos (1981c, pp. 1 and 6).

58 Thornton (1982a, p. 16).

59 FOMC Transcript (May 20, 1980, p. 29-30).

60 FOMC Transcript (July 9, 1980, p. 31). St. Louis Fed studies that supported Roos’s view include Hafer (1981, p. 13), 
who argued that “The evidence…indicates that the growth of M1B is influenced relatively less by nonpolicy 
activity—that is, it is easier to control—than M2, and…the growth of M1B better explains variations in the pace 
of economic activity than M2,” and Batten and Thornton (1983, p. 40), who found that “the link between M1 growth 
and GNP growth remained strong up to the fourth quarter of 1982…Both the in-sample and out-of-sample per-
formance of the M1 equation are considerably better than those of the M2 equation.” 

61 FOMC Transcript (March 29-30, 1982, pp. 35 and 51).

62 Roos (1982a, pp. 6 and 8) 

63 FOMC Transcript (December 18-19, 1980, p. 36).

64 FOMC Transcript (July 6-7, 1981, p. 30). 

65 FOMC Transcript (October 5-6, 1981, pp. 34-35).

66 FOMC Transcript (November 17, 1981, p. 27).

67 FOMC Transcript (March 29-30, 1982, p. 24). 

68 Seventy-two statements are available for this period in FRASER:  
https://fraser.stlouisfed.org/title/statements-speeches-paul-a-volcker-451?browse=1970s.

69 Volcker (2008-10 interview, p. 86).

70 Volcker (1981b, p. 17). 

71 FOMC Transcript (March 29-30, 1982, p. 50).

72 FOMC Transcript (August 24, 1982, p. 30).

73 FOMC Transcript (August 24, 1982, p. 29).

74 Volcker (1982, p. 1).

75 Volcker (1982, p. 3).

76 Figure 4 plots counts of the following keywords spoken by Roos and Volcker, respectively, at each FOMC meeting: 
money growth; aggregates; M1; M2; M3; inflation; Friedman; Milton; interest; fed funds; federal funds; and any 
words that include the prefix “monetar,” such as monetary, monetarism, and monetarist.

77 FOMC Transcript (October 5, 1979, p. 12). 

78 FOMC Transcript (October 5, 1982, p. 48).

79 FOMC Transcript (October 5, 1982, p. 48).

80 FOMC Transcript (October 5, 1982, p. 50).

81 FOMC Transcript (October 5, 1982, p. 59). The November 19, 1982, Record of Policy Actions published the Directive 
adopted at the October 5, 1982, FOMC meeting; see  
https://www.federalreserve.gov/monetarypolicy/files/fomcropa19821005.pdf.

82 The framework that the FOMC adopted in October 1982 used borrowed reserves as its operating target. Thornton 
(1988) describes how the procedure was used for high-frequency stabilization of the federal funds rate.

83 FOMC Transcript (October 5, 1982, pp. 49 and 52).

https://fraser.stlouisfed.org/title/statements-speeches-paul-a-volcker-451?browse=1970s
https://www.federalreserve.gov/monetarypolicy/files/fomcropa19821005.pdf
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84 FOMC (1982, p. 13). 

85 Roos (1982a, pp. 3 and 6-8).

86 FOMC Transcript (November 16, 1982, p. 45).

87 FOMC Transcript (November 16, 1982, p. 45).

88 The FOMC formally announced its 2 percent objective for inflation in the following statement of long-run goals 
and monetary policy strategy issued in 2012:  
https://www.federalreserve.gov/monetarypolicy/files/FOMC_LongerRunGoals.pdf.

89 For example, see Federal Reserve Chair Jerome Powell’s (2019) opening remarks at the Federal Reserve’s June 4, 
2019, event, “Conference on Monetary Policy Strategy, Tools, and Communications Practices.” 

90 Board of Governors of the Federal Reserve System (2020). 

91 In this vein, see Greenspan (2004) and Bernanke (2004) and references therein. 

REFERENCES
Applebaum, Binyamin and Hershey. “Paul A. Volcker, Fed Chairman Who Wages War on Inflation, Is Dead at 92.” 

New York Times, December 9, 2019 (Updated December, 13, 2019);  
https://www.nytimes.com/2019/12/09/business/paul-a-volcker-dead.html.

Balbach, Anatol B. “How Controllable is Money Growth?” Federal Reserve Bank of St. Louis Review, April 1981,  
pp. 3-12; https://research.stlouisfed.org/publications/review/1981/04/01/how-controllable-is-money-growth.

Balbach, Anatol (Ted) B. Interview by Robert Hetzel. Transcript, May 12, 2002;  
https://fraser.stlouisfed.org/files/docs/historical/hetzel_interviews/balbach_t_20020512.pdf.

Batten, Dallas S. and Thornton, Daniel L. “M1 or M2: Which Is the Better Monetary Target?” Federal Reserve Bank of 
St. Louis Review, June/July 1983, 65(6), pp. 36-42; https://doi.org/10.20955/r.65.36-42.aeq.

Bernanke, Ben S. “The Great Moderation.” Remarks at the meetings of the Eastern Economic Association, 
Washington, DC, February 20, 2004; https://www.federalreserve.gov/boarddocs/speeches/2004/20040220/.

Bernanke, Ben S.; Gertler, Mark and Watson, Mark. “Systematic Monetary Policy and the Effects of Oil Price Shocks.” 
Brookings Papers on Economic Activity, 1997, 28(1), pp. 91-157; https://doi.org/10.2307/2534702.

Board of Governors of the Federal Reserve System. “Statement from Chair Powell on the Death of Paul Volcker.” 
Press release, December 19, 2019; https://www.federalreserve.gov/newsevents/pressreleases/other20191209a.htm.

Board of Governors of the Federal Reserve System. “Statement on Longer-Run Goals and Monetary Policy.” 
August 27, 2020; https://www.federalreserve.gov/monetarypolicy/files/FOMC_LongerRunGoals.pdf.

Bordo, Michael D. and Orphanides, Athanasios, eds. The Great Inflation: The Rebirth of Modern Central Banking. 
University of Chicago Press, 2013. 

Federal Open Market Committee. Transcripts. Various meetings.

Federal Open Market Committee. Press Release. November 19, 1982;  
https://www.federalreserve.gov/monetarypolicy/files/fomcropa19821005.pdf.

Federal Reserve History. “Lawrence K. Roos.” https://www.federalreservehistory.org/people/lawrence_k_roos, 
accessed July 9, 2020.

Feldstein, Martin. “An Interview with Paul Volcker.” Journal of Economic Perspectives, Fall 2013, 27(4), pp. 105-20; 
https://doi.org/10.1257/jep.27.4.105.

Friedman, Milton. Inflation: Causes and Consequences. Asia Publishing House for the Council for Economic Education, 
February 1963. Reprinted in Dollars and Deficits: Inflation, Monetary Policy and the Balance of Payments by Milton 
Friedman. Prentice-Hall, 1968, pp. 21-46.

Gilbert, R. Alton and Trebing, Michael E. “The FOMC in 1980: A Year of Reserve Targeting.” Federal Reserve Bank of 

https://www.federalreserve.gov/monetarypolicy/files/FOMC_LongerRunGoals.pdf
https://www.nytimes.com/2019/12/09/business/paul-a-volcker-dead.html
https://research.stlouisfed.org/publications/review/1981/04/01/how-controllable-is-money-growth
https://fraser.stlouisfed.org/files/docs/historical/hetzel_interviews/balbach_t_20020512.pdf
https://doi.org/10.20955/r.65.36-42.aeq
https://www.federalreserve.gov/boarddocs/speeches/2004/20040220/
https://doi.org/10.2307/2534702
https://www.federalreserve.gov/newsevents/pressreleases/other20191209a.htm
https://www.federalreserve.gov/monetarypolicy/files/FOMC_LongerRunGoals.pdf
https://www.federalreserve.gov/monetarypolicy/files/fomcropa19821005.pdf
https://www.federalreservehistory.org/people/lawrence_k_roos
https://doi.org/10.1257/jep.27.4.105


Kliesen and Wheelock

96      First Quarter 2021 Federal Reserve Bank of St. Louis REVIEW

St. Louis Review, August/September 1981, pp. 2-22; https://doi.org/10.20955/r.63.2-22.uxg.

Goodfriend, Marvin and King, Robert G. “The Incredible Volcker Disinflation.” Journal of Monetary Economics, July 
2005, 52(5), pp. 981-1015; https://doi.org/10.1016/j.jmoneco.2005.07.001.

Greely, Brendan; Fleming, Sam and Lascelles, David. “Central Bankers Pay Tribute to Paul Volcker.” Financial Times, 
December 9, 2019; https://www.ft.com/content/9207ec82-1a8c-11ea-97df-cc63de1d73f4. 

Greenspan, Alan. “Risk and Uncertainty in Monetary Policy.” American Economic Review, May 2004 (Papers and 
Proceeding), 94(2), pp. 33-40; https://doi.org/10.1257/0002828041301551.

Greider, William. Secrets of the Temple: How the Federal Reserve Runs the Country. Simon and Schuster, 1987.

Hafer, R.W. “Much Ado about M2.” Federal Reserve Bank of St. Louis Review, October 1981, pp. 13-18;  
https://doi.org/10.20955/r.63.13-18.vol.

Hafer, R.W. “Against the Tide: Malcolm Bryan and the Introduction of Monetary Aggregate Targets.” Federal Reserve 
Bank of Atlanta Economic Review, First Quarter 1999, 84(1), pp. 20-37;  
https://www.frbatlanta.org/research/publications/economic-review/1999/q1/vol84no1_introduction-of-mone-
tary-aggregate-targets.  

Hafer, R.W. and Wheelock, David C. “The Rise and Fall of a Policy Rule: Monetarism at the St. Louis Fed, 1968-1986.” 
Federal Reserve Bank of St. Louis Review, January/February 2001, pp. 1-24; https://doi.org/10.20955/r.83.1-24.

Hafer, R.W. and Wheelock, David C. “Darryl Francis and the Making of Monetary Policy, 1966-1975.” Federal Reserve 
Bank of St. Louis Review, March/April 2003, pp. 1-12; https://doi.org/10.3886/ICPSR01283.

Hakkio, Craig S. “The Great Moderation.” Federal Reserve History, November 22, 2013;  
https://www.federalreservehistory.org/essays/great_moderation.

Hamilton, James D. “Historical Oil Shocks.” Manuscript, February 1, 2011.  
https://econweb.ucsd.edu/~jhamilto/oil_history.pdf.

Hetzel, Robert L. The Monetary Policy of the Federal Reserve: A History. Cambridge University Press, 2008;  
https://doi.org/10.1017/CBO9780511754173.

Lang, Richard W. “The FOMC in 1979: Introducing Reserve Targeting.” Federal Reserve Bank of St. Louis Review, 
March 1980, pp. 2-25; https://doi.org/10.20955/r.62.2-25.wzr.

Lindsey, David E. “The Monetary Regime of the Federal Reserve System,” in Colin D. Campbell and William R. Dougan, 
eds., Alternative Monetary Regimes. Johns Hopkins University Press, 1986, pp. 168-208.

Lindsey, David E.; Orphanides, Athanasios and Rasche, Robert H. “The Reform of October 1979: How It Happened 
and Why.” Federal Reserve Bank of St. Louis Review, March/April 2005 (Part 2), 87(2), pp. 187-235;  
https://doi.org/10.20955/r.87.187-236.

Maisel, Sherman J. Managing the Dollar. W.W. Norton, 1973.

Meltzer, Allan H. A History of the Federal Reserve, Volume 2, Book 2, 1970-1986. University of Chicago Press, 2009; 
https://doi.org/10.7208/chicago/9780226519968.001.0001.

Poole, William. “Burnsian Monetary Policy: Eight Years of Progress?” Journal of Finance, May 1979 (Papers and 
Proceedings of the 37th Annual Meeting), 34(2), pp. 473-84; https://doi.org/10.1111/j.1540-6261.1979.tb02111.x.

Powell, Jerome H. “Opening Remarks.” Address before the Conference on Monetary Policy Strategy, Tools, and 
Communications Practices sponsored by the Federal Reserve System at the Federal Reserve Bank of Chicago, 
June 4, 2016; https://fraser.stlouisfed.org/title/1164/item/585958.

Roos, Lawrence K. “Inflation: Truths and Half-Truths.” Address before the Regional Conference of National Association 
of Business Economists, April 26, 1978;  
https://fraser.stlouisfed.org/files/docs/historical/frbsl_history/presidents/roos/Roos_19780426.pdf.

Roos, Lawrence K. “The New Fed Policy.” Address before the Economic Conference on Monetary Policy sponsored 
by the Federal Reserve Bank of St. Louis and the Center for the Study of American Business, Washington University, 
St. Louis, MO, October 19, 1979; https://fraser.stlouisfed.org/title/482/item/18681. 

https://doi.org/10.20955/r.63.2-22.uxg
https://doi.org/10.1016/j.jmoneco.2005.07.001
https://www.ft.com/content/9207ec82-1a8c-11ea-97df-cc63de1d73f4
https://doi.org/10.1257/0002828041301551
https://doi.org/10.20955/r.63.13-18.vol
https://www.frbatlanta.org/research/publications/economic-review/1999/q1/vol84no1_introduction-of-monetary-aggregate-targets
https://www.frbatlanta.org/research/publications/economic-review/1999/q1/vol84no1_introduction-of-monetary-aggregate-targets
https://doi.org/10.20955/r.83.1-24
https://doi.org/10.3886/ICPSR01283
https://www.federalreservehistory.org/essays/great_moderation
https://econweb.ucsd.edu/~jhamilto/oil_history.pdf
https://doi.org/10.1017/CBO9780511754173
https://doi.org/10.20955/r.62.2-25.wzr
https://doi.org/10.20955/r.87.187-236
https://doi.org/10.7208/chicago/9780226519968.001.0001
https://doi.org/10.1111/j.1540-6261.1979.tb02111.x
https://fraser.stlouisfed.org/title/1164/item/585958
https://fraser.stlouisfed.org/files/docs/historical/frbsl_history/presidents/roos/Roos_19780426.pdf
https://fraser.stlouisfed.org/title/482/item/18681


Kliesen and Wheelock

Federal Reserve Bank of St. Louis REVIEW First Quarter 2021      97

Roos, Lawrence K. “Address before the Kansas City Society of Financial Analysts, Kansas City, Missouri.” February 19, 
1980a; https://fraser.stlouisfed.org/title/482/item/18683.

Roos, Lawrence K. “The Need for Clear Thinking in Dealing with Inflation.” Address before the Traffic Club of St. 
Louis, April 15, 1980b; https://fraser.stlouisfed.org/title/482/item/18684. 

Roos, Lawrence K. “An Inflation Generation.” Federal Reserve Bank of St. Louis Review, May 1980c, pp. 3-6;  
https://research.stlouisfed.org/publications/review/1980/05/01/an-inflation-generation.

Roos, Lawrence K. “Why Can’t the Federal Reserve Control Interest Rates?” Address before the Third Annual Business 
Forecast Conference, Chapman College, Orange, CA, January 16, 1981a; 
https://fraser.stlouisfed.org/title/482/item/18688.

Roos, Lawrence K. “Monetary Policy in 1980...A Disappointing Year.” Address before the New York Society of 
Securities Analysts, New York, NY, March 19, 1981b; https://fraser.stlouisfed.org/title/482/item/18689. 

Roos, Lawrence K. “Monetary Policy... A Time for Resolve, Not Retreat.” Address before the Institutional Investor 
Bond Conference, New York, NY, October 15, 1981c; https://fraser.stlouisfed.org/title/482/item/18691. 

Roos, Lawrence K. “Does Money Still Matter?” Address before the New York Society of Security Analysts, New York, 
NY, October 6, 1982a; https://fraser.stlouisfed.org/title/482/item/18697. 

Roos, Lawrence K. “What We Can Learn From the Past.” Address before the Economic Club of Pittsburgh, Pittsburgh, 
PA, November 9, 1982b; https://fraser.stlouisfed.org/title/482/item/18698. 

Taylor, John B. “Paul Volcker Was Inflation’s Worst Enemy” (op-ed). Wall Street Journal, December 9, 2019;  
https://www.wsj.com/articles/paul-volcker-was-inflations-worst-enemy-11575937617.

Thornton, Daniel L. “The FOMC in 1981: Monetary Control in a Changing Financial Environment.” Federal Reserve 
Bank of St. Louis Review, April 1982a, pp. 3-22; https://doi.org/10.20955/r.64.3-22.jej.

Thornton, Daniel L. “Simple Analytics of the Money Supply Process and Monetary Control.” Federal Reserve Bank 
of St. Louis Review, October 1982b, pp. 22-39; https://doi.org/10.20955/r.64.22-39.mmx.

Thornton, Daniel L. “The Borrowed-Reserves Operating Procedure: Theory and Evidence.” Federal Reserve Bank of 
St. Louis Review, January/February 1988, 70(1); https://doi.org/10.20955/r.70.30-54.phh. 

Volcker, Paul A. “The Contributions and Limitations of Monetary Analysis.” Address before the Joint Luncheon of 
the American Economic Association and the American Finance Association, September 16, 1976. Reprinted in 
the Federal Reserve Bank of New York Quarterly Review, May 1989 (Special Issue: 75th Anniversary), pp. 38-44; 
https://www.newyorkfed.org/medialibrary/media/aboutthefed/SpecialIssue75thAnniversary.pdf.

Volcker, Paul A. “A Time of Testing.” Remarks before the American Bankers Association, New Orleans, LA, October 9, 
1979; https://fraser.stlouisfed.org/title/451/item/8203.

Volcker, Paul A. “Remarks Before the Annual Meeting of the American Farm Bureau Federation, New Orleans, 
Louisiana.” January 12, 1981a; https://fraser.stlouisfed.org/title/451/item/8230.

Volcker, Paul A. Interview by Sam Donaldson. ABC News Issues and Answers, August 30, 1981b; 
https://fraser.stlouisfed.org/title/451/item/8241.

Volcker, Paul A. “Excerpt from Informal Talk to Business Council at Hot Springs, VA.” October 9, 1982; 
https://fraser.stlouisfed.org/title/451/item/8264. 

Volcker, Paul A. Interview. Federal Reserve Board Oral History Project. Transcript, 2008-10: February 25, 2008; 
January 28, 2008; July 22, 2008; July 28, 2008; October 23, 2008; October 24, 2008; December 29, 2009; and 
March 24, 2010; https://www.federalreserve.gov/aboutthefed/files/paul-a-volcker-interview-20080225.pdf.

Volcker, Paul A. Keeping At It: The Quest for Sound Money and Good Government (with Christine Harper). Public 
Affairs, Hatchette Book Group, 2018.

https://fraser.stlouisfed.org/title/482/item/18683
https://fraser.stlouisfed.org/title/482/item/18684
https://research.stlouisfed.org/publications/review/1980/05/01/an-inflation-generation
https://fraser.stlouisfed.org/title/482/item/18688
https://fraser.stlouisfed.org/title/482/item/18689
https://fraser.stlouisfed.org/title/482/item/18691
https://fraser.stlouisfed.org/title/482/item/18697
https://fraser.stlouisfed.org/title/482/item/18698
https://www.wsj.com/articles/paul-volcker-was-inflations-worst-enemy-11575937617
https://doi.org/10.20955/r.64.3-22.jej
https://doi.org/10.20955/r.64.22-39.mmx
https://doi.org/10.20955/r.70.30-54.phh
https://www.newyorkfed.org/medialibrary/media/aboutthefed/SpecialIssue75thAnniversary.pdf
https://fraser.stlouisfed.org/title/451/item/8203
https://fraser.stlouisfed.org/title/451/item/8230
https://fraser.stlouisfed.org/title/451/item/8241
https://fraser.stlouisfed.org/title/451/item/8264
https://www.federalreserve.gov/aboutthefed/files/paul-a-volcker-interview-20080225.pdf


98      First Quarter 2021 Federal Reserve Bank of St. Louis REVIEW



Financial Shocks or Productivity Slowdown:  
Contrasting the Great Recession and Recovery  

in the United States and United Kingdom

Kieran Larkin

1 INTRODUCTION 
The Great Recession renewed academic interest in the role of financial factors in the 

determination of real macroeconomic quantities. The magnitude of the decline in output, fall 
in house prices, and failure in financial markets led economists to place greater emphasis on 
financial institutions, debt, and financial variables within macroeconomic thinking (Reinhart 
and Rogoff, 2009; Brunnermeier, 2009; and Guerrieri and Uhlig, 2016). The synchronized 
nature of the decline across developed economies has reasonably been interpreted as suggest-
ing a common cause, principally a large negative financial shock. 

This article studies the behavior of the United States and United Kingdom economies 
during the Great Recession and subsequent slow recovery to study whether 

This article contrasts the experiences of the United States and United Kingdom during and after the 
Great Recession to understand the role of financial shocks in the magnitude of the crises and length 
of the recoveries. It starts from the common consensus that the Great Recession first and foremost 
was a financial crisis. It shows that relative to the United States, the Great Recession in the United 
Kingdom was more closely associated with a decline in productivity. Motivated by the similar behavior 
of financial variables at a business cycle frequency, it contrasts the behavior of the U.S. and U.K. 
economies through the lens of a simple real business cycle model augmented with financial shocks. 
A credit channel that operates on firm hiring decisions captures the magnitude of the output decline 
in both the United States and United Kingdom but exaggerates the response of the hours margin for 
the United Kindgom. The conclusion is that the financial channel supported in the U.S. data seems 
less appropriate for understanding the U.K. experience. (JEL E24, E32, E44, G01, G32)
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(i)   differences and similarities in the responses of macroeconomic aggregates can reveal  
 the underlying drivers of the decline and recovery, 

(ii) financial shocks were the most important factor in the U.S. and U.K. experiences   
 during and after the Great Recession, and 

(iii) financial markets transmit shocks to the real economy in the same way in both   
 countries. 

The main finding is that the financial channel has greater explanatory power for the U.S. than 
the U.K. economy in precipitating the Great Recession. This is perhaps surprising given the 
prevailing consensus of a financial market origin of the crisis and the strong similarities in 
the unconditional moments of aggregates at a business cycle frequency in the two countries. 
Despite having private business sectors that exhibit similar financing dynamics and U.K. 
households being more indebted than their U.S. counterparts, through the lens of a simple 
model, financial shocks seem to have been more important for understanding the U.S. econ-
omy than the U.K. economy during the Great Recession.

First, in the United Kingdom, changes in productivity account for the majority of macro-
economic movements during the Great Recession. Second, while financial shocks help explain 
the precipitous decline in output in the United Kingdom in 2008, they also generate counter- 
factually high volatility in the U.K. labor market. Third, financial conditions took longer to 
return to normality in the United Kingdom than in the United States. During this period, 
financial factors appear more relevant in the U.K. setting. 

In this analysis, we first apply the classic business cycle accounting (BCA) framework of 
Chari, Kehoe, and McGrattan (2007) to the U.K. data. The idea of this approach is to under-
stand the key drivers of business cycles in terms of “wedges” in the equilibrium conditions. 
This is useful, as it can aid model selection. Our analysis shows that a productivity decline 
was the primary determinant of the fall in output in the United Kingdom during the Great 
Recession. This contrasts with the finding for the United States, where the data suggest a sizable 
role for labor market frictions (Brinca et al., 2016). In the United Kingdom, the labor “wedge” 
mainly plays a roles in very short-run fluctuations in labor. Given this divergence, we assess 
the ability of a simple real business cycle (RBC) dynamic stochastic general equilibrium model 
augmented with financial shocks proposed by Jermann and Quadrini (2012) to explain the 
behavior of macroeconomic and financial variables in the U.S. and U.K. economies. In this 
model, financial shocks chiefly operate on the labor wedge, by constraining firms in their labor 
choice. Financial conditions are substantially more volatile in the United Kingdom than in 
the United States, though this is primarily due to a stronger feedback mechanism from pro-
ductivity to financial conditions in the U.K. data. In both cases, financial shocks amplify the 
decline in gross domestic product (GDP) during the Great Recession, but elucidating evidence 
as to the relevance of this channel is revealed by the labor market. In the U.S. case, financial 
shocks also improve the model’s predictions for hours worked, mirroring the importance of 
the labor wedge for understanding the Great Recession. In the U.K. case, financial shocks 
cause too large a response of hours worked, calling into question the validity of the mechanism 
and financial shocks for understanding the episode. 



Larkin

Federal Reserve Bank of St. Louis REVIEW First Quarter 2021      101

From 2010 onward following the recession, financial variables returned to normal more 
quickly in the United States than in the United Kingdom. During this period the downward 
pressure generated by financial frictions helps explain the prolonged negative response of 
hours in the United Kingdom. By contrast, in the United States, hours in the data are below 
where they are predicted to be given the financial shocks observed. More recently, the United 
Kingdom has seen an hours boom, but through the lens of the model this would imply a 
loosening of financial constraints not supported by the data. 

This article is related to a broad literature that has sought to incorporate financial variables 
or a financial sector into macroeconomic models. The seminal contribution to this field was 
the Bernanke, Gertler, and Gilchrist (1999) financial accelerator model. Other notable con-
tributions include Gertler, Kiyotaki, and Queralto (2012) and Gertler and Kiyotaki (2015). 
The key difference between the financial accelerator models and the Jermann and Quadrini 
(2012) set up is that the latter incorporates financial shocks as an important source of distur-
bances in themselves. The specification employed here owes a significant inspiration to the 
endogenous credit constraints literature, for example, Kiyotaki and Moore (1997). Christiano, 
Motto, and Rostagno (2010) have analyzed financial frictions in large-scale New Keynesian 
dynamic stochastic general equilibrium models, finding financial frictions were important 
for the empirical properties of such models. Recent work has stressed the importance of firm 
heterogeneity in the transmission of financial shocks. This heterogeneity can affect the repre-
sentation of a credit crunch in terms of aggregates wedges (Buera and Moll, 2015) or generate a 
new precautionary channel, which may have been important in the U.K. experience (Melcangi, 
2016).

2 COMPARISON OF U.S. AND U.K. FLUCTUATIONS
2.1 Business Cycles

To set the scene for the subsequent analysis, we begin by comparing fluctuations in the 
U.S. and U.K. economies and the behavior of the housing and financial markets. The main 
takeaway is that there are substantial similarities in the behavior of aggregate variables between 
the U.S. and U.K. economies, as previously documented by Blackburn and Ravn (1992). How-
ever, we do see divergence in the dynamics of financial variables. Table 1 presents a subset of 
the standard business cycle statistics.1 We see that at a business cycle frequency, fluctuations 
in the U.S. and U.K. economies look very similar. The standard deviation of output in both 
the United States and United Kingdom is around 1.5. In both countries, consumption is less 
volatile than output, while investment is more volatile and somewhat more so in the United 
States than in the United Kingdom. Both variables are highly correlated with output and of a 
similar magnitude. In the labor market, we see greater, albeit still moderate, divergence. In 
the United States, private hours are more volatile than output and strongly correlated. In the 
United Kingdom, hours are less volatile than output. While there is still a strong positive 
correlation between output and hours in the United Kingdom, the relationship is weaker 
than that observed in the United States. 



Larkin

102      First Quarter 2021 Federal Reserve Bank of St. Louis REVIEW

2.2 Housing Markets

Next we consider the behavior of the housing market, particularly in the run up to the 
Great Recession. While this article focuses on the role of financial frictions in firm decisions, 
the importance of housing and household debt for understanding the macroeconomy has 
been increasingly recognized since the crisis (for a review, see Piazzesi and Schneider, 2016). 
Figure 1 presents a comparison of house prices and household debt in the United States and 
United Kingdom. Panel A shows the log of house prices, normalized to coincide in 2000. 
A number of features are apparent. First, we notice that, in general, house prices appear 
to be more cyclical in the United Kingdom. Second, we see that in the run up to the Great 
Recession, house prices increased by more in the United Kingdom than in the United States. 
Between 2000 and 2007, house prices increased by 107 percent in the United Kingdom versus 
46 percent in the United States, likely reflecting tighter supply constraints in the United 
Kingdom. Third, we notice that the bust was more severe in the United States, with prices 
falling by 28 percent in the United States from peak to trough relative to by 12 percent in the 
United Kingdom. 

Evidence of similar dynamics can be seen in the behavior of household indebtedness. 
Panel B shows the evolution of the household debt-to-income ratio.2 Both countries saw big 
increases in this ratio prior to the Great Recession. The rise in indebtedness was greater in the 
United Kingdom, peaking at 1.47 times disposable income in the United Kingdom relative to 
1.35 times disposable income in the United States. An alternative Organisation for Economic 
Co-operation and Development (OECD) measure has the United Kingdom peaking at an 
even higher value.3 Given that the majority of household debt is mortgages and house prices 
increased by more in the United Kingdom, this greater rise in indebtedness is consistent with 
patterns in the U.K. housing market. During the recession, households in both countries 
reduced their debt positions, with a larger decline in the debt-to-income ratio in the United 
States. By 2019, households in the United States held roughly as much debt as the disposable 
income they received, while households in the United Kingdom had a debt-to-income ratio 
not far off that seen at the peak of the boom in the United States. 

In summary, both the United States and the United Kingdom experienced significant 
housing booms prior to the Great Recession. Given the relative increases in house prices and 

Table 1
Business Cycle Statistics

Relative standard deviation 
σ(x)/σ(Y)

Correlation with Y 
ρ(x,Y)

σ(Y) C I Hours C I Hours

U.S. 1.52 0.81 4.44 1.27 0.79 0.86 0.89

U.K. 1.51 0.96 2.71 0.92 0.79 0.78 0.75

NOTE: All variables are detrended with an HP (Hodrick-Prescott) filter, with smoothing parameter 1,600. Output (Y),  
consumption (C), and investment (I) are for 1950 to 2019. Hours are for 1971 to 2019. Hours are private sector hours. 
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increases in indebtedness, in 2007 the United Kingdom rather than the United States arguably 
looked more vulnerable to a financial shock constraining credit to households. However, the 
scale of the housing bust turned out to be greater in the United States.

2.3 Financial Markets

One important piece of evidence for understanding the role of financial shocks is to under-
stand the properties of financial variables, particularly those relevant to firm financing. The 
behavior of financial variables in the United States and United Kingdom appears fairly similar, 
although the use of equity is less cyclical in the United Kingdom. Following Jermann and 
Quadrini (2012), we study the behavior of two variables: equity payouts and debt repurchases. 
Equity payouts refer to the distributed income of firms (which includes dividend payments) 
minus equity issues (net of share buybacks). The variable captures the net payments made to 
business owners. Debt repurchases are the reduction in outstanding debt. Both are normalized 
by GDP.4 

Figure 2 plots these two variable. The average values of the financial variables are similar 
in the U.S. and U.K. data. For the U.S. case during the period 1987-2019, the mean values of 
equity payouts and debt repurchases were 3.9 percent and –4.8 percent, respectively. For the 
United Kingdom the values were 6.0 and –5.0, respectively. There appears to be a stronger 
upward trend in equity payouts in the U.K. data. 
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Figure 1
Housing Market Comparison

NOTE: Gray bars indicate U.S. recession dates as determined by the National Bureau of Economic Research. Recession dates for the United Kingdom 
differ slightly; for example, there was no technical recession in the United Kingdom in the early 2000s. 

SOURCE: House prices are from the OECD. The U.S. Household debt-to-income ratio is constructed as household debt from the Federal Reserve 
Financial Accounts divided by disposable personal income from the Bureau of Economic Analysis. The U.K. household debt-to-income ratio in 
reported in the United Kingdom’s Economic Accounts. 
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NOTE: Gray bars indicate U.S. recession dates as determined by the National Bureau of Economic Research. Recession dates for the United Kingdom 
differ slightly; for example, there was no technical recession in the United Kingdom in the early 2000s.  

SOURCE: U.S. data are from the Federal Reserve Flow of Funds and Bureau of Economic Affairs. U.K. data are from the Office of National Statistics. 
See the appendix for data definitions and constructions.

Table 2
Business Cycle Properties of Financial Variables

U.S. U.K. U.K.*

Mean EquPay/GDP 3.78 6.01 8.27

Mean DebtRep/GDP –4.78 –4.95 –3.51

SD EquPay/GDP 1.33 3.14 2.20

SD DebtRep/GDP 2.15 2.88 2.24

Corr(EquPay/GDP,GDP) 0.56 –0.11 0.28

Corr(DebtRep/GDP,GDP) –0.84 –0.59 –0.68

Corr(EquPay/GDP,DebtRep/GDP) –0.73 0.02 –0.47

NOTE: EquPay, equity payouts. DebtRep, debt repurchases. SD, standard deviation. Corr, correlation. A Baxter and King 
(1999) band-pass filter which preserves cycles of 1.5 to 8 years is applied to all series. U.K.* refers to an alternative specifi-
cation of the equity payouts and debt repurchases series where the assets holdings of private firms are deducted from 
the liabilities.
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The stylized facts from the U.S. data are that 
(i)   equity payouts are negatively correlated with debt repurchases and 
(ii) equity payouts are procyclical, while debt repurchases are countercyclical. 

One reasonable interpretation of these patterns is the substitutability of financing forms. 
Recessions are periods where firms restructure their financial position, substituting debt for 
equity.5 The properties of the financial variables are also shown in Table 2, which reports the 
standard deviations of the detrended equity payouts and debt repurchases variables and their 
correlations with GDP. In the U.K. data, debt repurchases exhibit similar properties to those 
in the U.S. data. Debt repurchases are countercyclical, increasing during or following reces-
sions (Figure 2). This can be seen in the 1990-92 recession and more dramatically during the 
Great Recession. The equity payouts variable does not follow the pattern observed in the U.S. 
data, however. For the most part, the series appears to be acyclical; but there was a significant 
decline in the variable during the period 1999-2001, which was also a period of growth in the 
U.K. economy.6 An alternative specification of the U.K. financial variables is also presented 
in Table 2, which additionally deducts firm’s asset holdings of equity and debt. Under this 
definition, the U.K. variables more closely resemble the U.S. economy, although the negative 
correlation between debt repurchases and equity payouts is still not as strong. 

Two explanations are offered for the divergence from the U.S. cyclical pattern. First, 
equivalent movements in the equity payouts variable may be dwarfed by the activity in 1999-
2001, so the alternative series better captures the actual financing position of companies. 
Alternatively, it could reflect a structural difference in the development of the U.S. and U.K. 
financial markets, with the average firm less able to increase equity financing when debt is 
more restricted. A priori this would imply greater importance of financial shocks that effect 
access to debt in the United Kingdom.

3 A BUSINESS CYCLE ACCOUNTING APPROACH TO THE U.K. 
GREAT RECESSION

To understand the drivers of the Great Recession, we start by applying the Chari, Kehoe, 
and McGrattan (2007) BCA methodology to the U.K. data. A similar analysis for the U.S. 
Great Recession can be found in Brinca et al. (2016). The basic idea of this approach is to 
decompose and attribute movements in the data to changes in wedges that appear in the 
equilibrium conditions of a representative economy. 

3.1 A Benchmark Prototype Economy

The foundation of the BCA approach is that many detailed models of the economy with 
frictions can be reinterpreted as a simple economy with four time-varying wedges. The authors 
call this representation their prototype economy. These wedges can be measured using the 
data and equilibrium conditions and then fed back into the model to ascertain the amount of 
movement in output that can be attributed to each wedge. The insight is to fit a generic model 
to the data and consider what types of wedges explain the empirical series observed. It can then 



Larkin

106      First Quarter 2021 Federal Reserve Bank of St. Louis REVIEW

be shown that these wedges can be mapped into a variety of more-carefully microfounded 
frictions in specific models. 

The prototype economy is a standard stochastic growth model. Let st be a vector denoting 
one of finitely many events. Let st = (s0,…,st) be the history of events up to period t, calling 
each history a state. The probability of each state in period 0 is πt(st), with s0 given. The econ-
omy has four stochastic variables, which are all functions of the random state variable, st: the 
efficiency wedge, At(st); labor wedge, 1– τnt(st); investment wedge, 1/[1+τit(st)]; and govern-
ment consumption wedge, gt(st). Consumers maximize expected utility, where the arguments 
are per capita consumption, ct, and per capita labor, nt: 

 
t=0

∞

∑
st
∑β tπ t st( )U ct st( ),nt st( )( )Nt ,

 ct + 1+τ it st( )⎡⎣ ⎤⎦it st( )= 1−τnt st( )⎡⎣ ⎤⎦wt st( )n st( )+ rt st( )kt st−1( )+Tt st( ).
The law of motion for capital is (1 + γn)kt +1(st) = (1 – δ)kt(st –1) + it(st), with kt(st –1) per capita 
capital stock and it(st) per capita investment. The other variables are the wage, wt(st); rental 
rate on capital, rt(s

t); discount factor, β; depreciation rate, δ; population, Nt ; population growth 
rate, (1 + γn); and per capita lump-sum transfers/taxes, Tt . 

The production function is At(st)F(kt(st –1),(1 + γ)tnt(st)), where (1 + γ) is the rate of labor 
augmenting technical progress. Firms maximize profits, setting factor prices equal to their 
marginal product. The equilibrium of the prototype economy is summarized by the following 
equations: the resource constraint, production function, intratemporal condition on labor, 
and intertemporal Euler equation, respectively: 

 

ct st( )+ it st( )+ gt st( )= yt st( ),
yt st( )= At st( )F(kt st−1( ), 1+γ( )t nt st( )( ),

−
Unt st( )
Uct st( ) = 1−τnt st( )⎡⎣ ⎤⎦At st( ) 1+γ( )t Fnt st( ),

Uct st( ) 1+τ it st( )⎡⎣ ⎤⎦ = β π t
st+1
∑ st+1 | st( )Uct+1 st+1( )

× At+1 st+1( )Fkt+1 st+1( )+ 1−δ( ) 1+τ it+1 st+1( )⎡⎣ ⎤⎦{ }.
By design, the efficiency wedge resembles a standard technology/productivity parameter. 
The labor wedge takes the form of a tax on labor, distorting the consumer’s preference for 
setting the marginal rate of substitution between consumption and leisure equal to the mar-
ginal product of labor. The investment wedge looks like a tax on investment, distorting the 
intertemporal Euler equation.
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3.2 The Business Cycle Accounting Methodology

The next step is to apply the BCA methodology to the U.K. data. A brief description of 
the steps taken follows (for the full treatment, see Chari, Kehoe, and McGrattan, 2007): 

(i)   The prototype model is log-linerized and the decision rules, y(st ,kt), i(st ,kt), and   
 n(st ,kt), are calculated. 

(ii) Each wedge is set equal to the value of a component of the state, so st = (At,τnt,τit,gt)  
 = (sAt ,snt,sit,sgt) and the state is assumed to follow the Markov process: st +1 = P0 + Pst  
 + εt +1, where εt +1 is independent and identically distributed over time and distributed  
 normally, mean zero, with the covariance matrix V = QQʹ.

(iii) Maximum likelihood is used to compute the underlying parameters: s–, P, and Q. 
(iv) To analyse the effect of the wedges, the economy is run with agents optimizing  

 subject to their decision rules. However, only one wedge (or a combination of wedges)  
 is allowed to fluctuate; the rest are held at a steady-state value.7 

3.3 Applying Business Cycle Accounting to the U.K. Great Recession

The findings from the BCA exercise are now presented. For this analysis, U.K. quarterly 
data for the period 1973:Q2-2012:Q1 are used. The model was calibrated with the discount 
factor β = 0.9825, utility of leisure α = 1.8834, capital share θ = 0.3600, and depreciation rate  
δ = 0.0250. The growth rates of the population γn and productivity γ were set to 0.0044 and 
0.0238, respectively. Equivalent figures for the U.S. economy may be found in Brinca et al. 
(2016). Figure 3 shows U.K. output alongside the efficiency wedge, At; labor wedge, 1– τnt ; 
and investment wedge, 1/[1+ τit]. The wedges alone do not tell us their impact on macroeco-
nomic variables but do provide insight into the magnitudes of their distortion. The efficiency 
wedge and labor wedge show the greatest distortion during this period. In contrast, the invest-
ment wedge declines, recovers a little, and then stays at a fairly constant level, at around 99 
percent of its steady-state value, for the full period. This pattern does not coincide with the 
Bernanke, Gerler, and Gilchrist (1999) style financial accelerator models, which affect the 
economy via an investment wedge. 

Figure 4 shows the dynamics predicted by the model for the United Kindgom for output, 
labor, and investment when only the efficiency wedge, labor wedge, or investment wedge is 
allowed to fluctuate.8 The actual data for the period are also shown. The model with the effi-
ciency wedge is able to explain most of the movement in output over the period. The model 
with the labor wedge shows a minor decline in output, between 2009 and 2010, but it is insuffi-
cient to match the data. For example, in 2010, the predicted decline in output for the model 
with the efficiency wedge is 6.5 percent; for the model with the labor wedge, it is 2.3 percent. 
In the data, the recorded decline is 8.3 percent. By 2012, the predicted decline in output of 
the model with the efficiency wedge is 10.7 percent, capturing 90.7 percent of the decline in 
the data (11.8 percent); by this point, the labor wedge model has almost returned to trend. 
The one feature of the data that the labor wedge does capture is the mild improvement in 
output that takes place between 2010:Q2 and 2010:Q4. 
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As might be expected, the model with the labor wedge does a better job of predicting the 
decline in labor. It approximates both the magnitude of the decline and subsequently captures 
the recovery and set-back dynamics between 2010 and 2011. In 2010, the labor wedge model 
predicts a 3.6 percent decline in labor, whereas the data implies a 4.2 percent reduction. Finally, 
turning to investment, the model with the efficiency wedge replicates the data well, closely 
tracking the sharp initial contraction. The model with the labor wedge poorly predicts the behav-
ior of investment, consistently predicting an increase rather than decrease relative to trend. 

Although the magnitude of the decline in labor is also captured well by the model with 
the investment wedge, closer inspection reveals that for many of the minor fluctuations it 
moves in the wrong direction. Interestingly, the model with the investment wedge does not 
do a particularly good job of predicting the movement of investment. In 2010, investment is 
21.2 percent below its trend, while the model with an investment wedge has declined by 11.9 
percent, explaining only 56.1 percent of the actual decline. 

In summary, the behavior of the key macroeconomic variables—output, labor, and 
capital—in the U.K. Great Recession can be mostly attributed to the movements of a time- 
varying efficiency wedge. One interpretation is that this wedge is a standard productivity 
parameter. A labor wedge adds additional explanatory power, particularly to the movement 
of labor, but compared with the efficiency wedge, its contribution is modest. This contrasts 
with the U.S. experience. While the Markov process for the wedges has similar attributes in 
the United Kingdom and the United States (compare Table A1 to Chari, Kehoe, and McGrattan, 
2007), undertaking a BCA exercise for the U.S. Great Recession uncovers a substantial role 
for the labor wedge: It accounts for 46 percent of the movement in output during the period. 

Considering the U.K. economy in the longer run, the efficiency wedge is still critical to 
understanding movements in output, but the labor and investment wedges also take on 
greater importance. Indeed, the labor wedge has been found to play a dominant role in the 
1982 recession in the United Kingdom (Kersting, 2008; Brinca et al., 2016). The general form 
of the prototype economy means that the primitive shocks hitting the model should not nec-
essarily be identified as productivity shocks.9 The presence of heterogeneity in the economy 
may also obscure the underlying sources of frictions. Indeed, Buera and Moll (2015) show 
that in the presence of heterogeneity in the financial goods market, credit shocks can be inter-
preted as an efficiency wedge. 

4 A MODEL WITH FINANCIAL FRICTIONS AND FINANCIAL SHOCKS
This section sets out a simple RBC model with financial frictions and financial shocks à la 

Jermann and Quadrini (2012), which can be used to compare the U.S. and U.K. economies 
during the Great Recession. In this setting, firms have access to two forms of finance: equity 
and debt, following the empirical evidence presented above. A firm’s preferred form of financ-
ing is debt, but its ability to issue debt is subject to financial frictions. This friction ultimately 
distorts the firm’s labor supply decision, as wages must be paid in advance. Financial shocks 
are changes in the magnitude of this financing friction. 
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As will be discussed in the results (Section 6.3), despite the inclusion of additional financial 
variables, the Jermann and Quadrini (2012) model can still be mapped into a BCA framework 
as set out above in terms of four key wedges. As this model features a financing friction that 
distorts the household’s intratemporal labor decision, it offers the perfect setting to consider 
the role of financial shocks in the U.S. and U.K. experiences of the Great Recession. As pre-
sented in Section 3, a key difference between the U.S. and U.K. Great Recession experiences 
was the importance of the labor wedge. 

4.1 Firms Sector

4.1.1 Production. A continuum of firms, on the [0,1] interval, are characterized by the 
Cobb-Douglas production function F(zt,kt,nt) = zt kt

θnt
1–θ, where zt  is the stochastic produc-

tivity variable, kt is the capital input, and nt is the labor input. Capital is determined in the 
previous period. The law of motion for capital is kt +1 = (1 – δ)kt + it, where it is investment 
and δ  is the period depreciation rate. The model has two sources of aggregate uncertainty—
the productivity variable, zt , and a financial variable, ξt . Firms finance their activity with debt, 
bt , and equity, dt . Debt is preferred to equity due to a tax wedge on the gross interest rate 
faced by firms. For a given interest rate, rt , the firm’s after-tax gross rate of interest on debt is 
Rt = 1 + rt (1 – τ). Given its financing options, the firm’s budget constraint can be written as 

 bt +wtnt + kt+1 +dt = 1−δ( )kt + F zt ,kt ,nt( )+ bt+1
Rt

,

where wt is the wage paid to labor. 

4.1.2 Firm Enforcement Constraint. Firms also make use of an intra-period loan, lt, which 
finances working capital. In particular, the intra-period loan is used to finance the disparity 
between beginning-of-the-period payments and revenues generated during the period. The 
model’s timing is as follows: A firm begins each period with its intertemporal liabilities, bt. It 
chooses labor, nt; investment, it; equity payouts, dt; and next period’s intertemporal liabilities, 
bt +1. These payments need to be made before production is completed and therefore must be 
financed by the intra-period loan, lt. The intra-period loan equals lt = wtnt + it + dt + bt – bt +1/Rt. 
Substituting the definition of the intra-period loan into the firm’s budget constraint shows us 
that the intra-period loan is equal to production: lt = F(zt,kt,nt). 

Firm borrowing, both intratemporally and intertemporally, is subject to a constraint. 
The constraint takes the form of a limited enforceability debt contract, based on the possibility 
of default. Firms are able to default after production, prior to the repayment of the intra- 
period loan. It is assumed that the revenues from the period’s production can be diverted by 
the firm and cannot be recovered by the lender. The in-period liabilities at the moment of 
default are lt + bt +1/(l + rt); the firm’s assets are next period’s capital, kt +1. It is assumed that 
when contracting the intra-period loan, the value of the firm’s capital stock in default is 
uncertain.10 To model this uncertainty, with probability ξt  the lender recovers the full value 
of the firm’s net assets kt +1 – bt +1/(l + rt), and with probability 1 – ξt  the lender recovers no 
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value from the firm’s net assets. In expectation the value of default is ξt (kt +1 – bt +1/(l + rt)) + 
(1 – ξt ) . 0, which gives the enforcement constraint: 

(1) ξt kt+1 −
bt+1
1+ rt( )

⎛

⎝⎜
⎞

⎠⎟
≥ lt .

The enforcement constraint (1) is the key friction in the model and introduces a role for finan-
cial shocks. The value of the firm’s assets that can be recouped by the lender of the intra- period 
loan is net of the firm’s next-period intertemporal debt. Intertemporal debt and the intra-period 
loan both make the enforcement constraint tighter, although intratemporal debt more so. In 
contrast, a larger capital stock eases the constraint, as the lender has more assets to call upon 
in default. 

The probability of recovering the full value of the remaining assets in default, ξt , is taken 
as our financial variable and is assumed to follow a stochastic process. Higher realizations of 
ξt  loosen the constraint, allowing for greater debt issuance. Lower realizations imply a tight-
ening of lending conditions. Given its role in determining the firm financing decision, the 
shocks that hit ξt  are interpreted as financial shocks. As a further friction, we restrict the degree 
to which the firm can alter its financial structure by constraining equity payouts with an adjust-
ment cost. The model assumes that the actual cost to the firm of making equity payouts of dt 
is φ(dt) = dt + κ(dt – d

–
)2. In this formulation, d

–
 is steady-state equity payouts, while κ > 0.11 

4.1.3 The Firm Problem and First-Order Conditions. The firm problem is summarized by 
the following Bellman equation, where the states are the period capital stock, kt, and inter-
temporal debt, bt; the aggregate states, st, are the productivity variable, zt, and financial vari-
able, ξt ; and primes are used to denote next period’s variables: 

 V s ;k,b( )= max
d ,n,k',b'

d + E ′m V ′s ; ′k , ′b( ){ }
subject to 

 
1−δ( )k+ F z,k,n( )−wn+ ′b

R
= b+ϕ d( )+ ′k

ξ ′k − ′b
1+ r( )

⎛
⎝⎜

⎞
⎠⎟
≥ F z,k,n( ).

The current value of the firm—including this period’s dividend—is given by the function 
V(s;k,b), where future earnings are discounted by the stochastic discount factor, mʹ.12 Prices 
are wages, w; the interest rate, r; and the gross interest rate faced by the firm, R. Prices are 
determined in general equilibrium and are taken by the firm as given. Letting the Lagrange 
multiplier on the enforcement constraint be μ, the first-order conditions for the firm are 

(2) Fn z,k,n( )=w ⋅ 1
1−µϕd d( )

⎛
⎝⎜

⎞
⎠⎟

(3) E ′m ⋅ ϕd d( )
ϕd ′d( )

⎛
⎝⎜

⎞
⎠⎟
1−δ + 1− ′µ ϕd ′d( )( )Fk ′z , ′k , ′n( )⎡⎣ ⎤⎦+ξµϕd d( )=1
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(4) RE ′m ⋅ ϕd d( )
ϕd d'( )

⎛
⎝⎜

⎞
⎠⎟
+ξµϕd d( ) R

1+ r
⎛
⎝⎜

⎞
⎠⎟ =1.

These first-order conditions provide the optimality condition for labor demand (2); the inter-
temporal condition governing demand for capital (3); and the intertemporal condition govern-
ing debt (4), which links the financial variable and the tightness of the enforcement constraint. 
The most important of these conditions is the labor demand equation. The firm does not set 
the marginal product of labor equal to the wage rate, because of the wedge 1/[1 – μφ(d)].13 
Further, the size of the wedge depends on the Lagrange multiplier and the deviation of equity 
payouts from the steady state. Labor demand is decreasing in both of these arguments, pro-
viding a key mechanism by which financial shocks are transmitted to real macroeconomic 
quantities. 

4.2 Household Sector

Whereas the firm sector is non-standard, the household sector in the model is close to 
the textbook RBC representation. There is a continuum of households on the unit interval, 
which maximize expected lifetime utility: 

 E0 β tU ct , nt( )
t=0

∞

∑

with consumption, ct; labor, nt; and discount factor, β. Households cannot hold capital, but 
instead are shareholders in firms and hold non-state contingent bonds issued by the firm 
sector. The household budget constraint is 

 wtnt +bt + st dt + pt( )= bt+1
1+ rt

+ st+1pt + ct +Tt .

Most arguments in the household budget constraint are familiar from the firm side. The 
additional elements are the equity share holding, st; the market price of shares, pt; and lump 
sum taxes, Tt.14 The resulting first-order conditions for the household problem are 

(5) wtUc ct ,nt( )+Un ct ,nt( )= 0

(6) Uc ct ,nt( )−β 1+ rt( )EtUc ct+1 ,nt+1( )= 0

(7) Uc ct ,nt( )pt −βEt dt+1 + pt+1( )Uc ct+1 ,nt+1( )= 0.

From the household’s intratemporal labor supply decision (5), it is clear that changes in 
financial conditions will feed back via wages to hours supplied. The two intertemporal condi-
tions (6) and (7) provide a no-arbitrage condition for the returns on debt and equity. From 
the household problem, we derive the stochastic discount factor for the firm problem, setting 
mt + j = β jUc(ct + j,nt + j)/Uc(ct,nt). 
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5 CALIBRATION
A number of the model’s parameters are standard in the business cycle literature. The 

discount factor (β) is set to 0.983, and the utility function form is U(c,n) = ln(c) + α . ln(1 – n), 
with the weight of leisure (α) set so that steady-state hours are 0.300. Depreciation is set to  
δ = 0.025, and the steady state of the productivity variable to z = 1. The capital share in the 
Cobb-Douglas production function is set to θ = 0.360 in the United States and to a slightly 
higher value in the United Kingdom (θ = 0.379) following evidence in Karabarbounis and 
Neiman (2014). For reasonable values, these parameters are not that important for the model’s 
quantitative performance. The tax wedge, which specifies the advantage of debt financing over 
equity, is set to τ = 0.342 in the United States and τ = 0.286 in the United Kingdom, based on 
OECD averages of the headline corporate income tax rate for the period 1987-2019. This vari-
able determines when the enforcement constraint binds and the steady-state values of ξ and μ. 
Compared with the U.S. parameterization, the U.K. model requires τ to be set 5.5 percentage 
points lower, implying a smaller wedge between debt and equity. 

The steady-state value of the financial parameter, ξ, was chosen so that the steady-state 
ratio of end-of-period debt to GDP is equal to the empirical average. For the United Kingdom, 
the debt-to-GDP ratio is higher than for the United States, be/y = 3.510 versus 3.340.15 The 
combination of the tax rate, capital share, and debt levels offset each other so that the enforce-
ment constraint ends up with a similar value in both the United States and United Kingdom, 
0.164 and 0.161, respectively. Finally, a value for the equity cost parameter (κ) is required. 
The parameter is chosen so that the standard deviation of equity payouts generated by the 
model matches the standard deviation of the empirical series. Relative to the U.S. specification, 
a higher value of κ is required for the United Kingdom, implying a greater punishment for 
deviating from long-run equity payouts. As the target moment, the standard deviation of 
equity payouts is higher in the United Kingdom. The difference in calibration is due to the 
underlying volatility of the measured stochastic process (see Section 5.1). Full details of the 
calibration are provided in Table 3, and the targeted moments are provided in Table 4. 

5.1 Calibration of the Stochastic Processes

To uncover the parameters of the stochastic process, data are used to generate a log- 
linearized series for the productivity variable and financial variable. The productivity variable is 
constructed using the standard Solow residual approach: 

 ẑt = ŷt −θ k̂t − 1−θ( )n̂t .

The financial variable is obtained with a similar methodology from the enforcement constraint, 
recalling the assumption that the enforcement constraint always binds. Log-linerizing equa-
tion (2), after substituting in output, yt = lt, results in

 ξ̂t =φkk̂t+1 +φbb̂
e
t+1 + ŷt .

From this equation, ξ̂t can be determined using data on the end-of-period capital stock, k̂t +1; 
end-of-period debt stock, b̂e

t +1; and business GDP, ŷt. The coefficients are ϕk = ξ
–

 . k
–

/y– and  
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Table 3
Calibration of U.S. and U.K. Models

U.S. U.K.

External calibrations

Discount factor (β) 0.9825 0.9825

Utility of leisure (a) 1.8835 1.8566 

Capital share (θ) 0.3600 0.3790 

Depreciation (δ) 0.0250 0.0250 

Tax wedge (τ) 0.3415 0.2861 

Internal calibrations

Enforcement parameter (ξ ) 0.1636 0.1606 

Payout cost (κ) 0.0901 0.2648 

Calibrations from data process

SD of productivity shock (σz) 0.0045 0.0047 

SD of financial shock (σξ) 0.0083 0.0102 

Markov process for stochastic variables (A)
0.986 0.001
−0.028 0.983

⎡

⎣
⎢

⎤

⎦
⎥

1.041 −0.026
0.159 0.942

⎡

⎣
⎢

⎤

⎦
⎥

NOTE: SD, standard deviation.

Table 4
Targeted Moments

U.S. U.K.

Debt-to-GDP ratio be

y
⎛
⎝⎜

⎞
⎠⎟

3.34 3.51

SD of EquPay/GDP (σ(EquPay)) 2.29 2.40

NOTE: SD, standard deviation. EquPay, equity payouts.
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ϕb = ξ
–

 . be—
/y– and set to the country-relevant values. Once the productivity and financial vari-

able series have been constructed, the following VAR can be estimated on data over the period 
1987:Q1-2019:Q2: 

 
ẑt+1

ξ̂t+1

⎛

⎝
⎜
⎜

⎞

⎠
⎟
⎟
=A  

ẑt

ξ̂t
 

⎛

⎝
⎜
⎜

⎞

⎠
⎟
⎟
+

ez , t+1

eξ , t+1

⎛

⎝
⎜
⎜

⎞

⎠
⎟
⎟
.

The VAR gives the stochastic process of the model and also allows one to calculate the 
standard deviations of the shocks; the estimated parameters are given in Table 3. Compared 
with the U.S. estimates, larger cross effects between the stochastic variables are observed in 
the U.K. data. In particular, the effect of the lag of the productivity variable on the financial 
variable is substantial.16 This effect turns out to be an important driving features of the U.K. 
simulations and leads to more closely correlated productivity and financial cycles and larger 
volatility of the financial conditions. 

6 QUANTITATIVE FINDINGS
To analyze the quantitative fit of the model, the initial values of ẑ1987:Q1 and ξ̂1987:Q1 are 

used as the starting point for the two stochastic series. The innovations from the VAR are fed 
into the model, and the policy functions from the log-linearized system are used to calculate 
the responses of the model’s macroeconomic variables. Figure 5 compares the behavior of 
the stochastic variables in the United States and United Kingdom: the productivity and finan-
cial shocks as well as the implied Lagrange multiplier.17 The series for productivity follow each 
other fairly closely, although the 1990-91 recession and late-2000 boom are more pronounced 
in the U.K. case. The behavior of the financial variable is also similar in the U.K. case, but the 
volatility is substantially higher, with a large contraction in the early 1990s. In both countries 
there is evidence of a significant financial shock in 2007-08. 

In the lower panels of Figure 5, the innovations to the stochastic variables are shown: the 
productivity, z, and financial, ξ, shocks. Between 2008:Q3 and 2009:Q1, we see large negative 
realizations in both shock variables. The financial shocks appear to possess relevant informa-
tion on credit conditions. To show this we also present a rescaled variable summarizing the 
availability of credit from the Federal Reserve and the Bank of England, respectively.18 The 
two variables chart a similar path of changing credit conditions to the innovations to financial 
conditions and notably collapse during the Great Recession. One difference between the U.S. 
and U.K. economies is that the estimated financial innovations are more frequently negative 
in the post-2010 period in the United Kingdom, implying a continued deterioration in credit 
availability. 

6.1 U.S. Great Recession and Recovery

Figure 6 presents results of the key macroeconomic and financial quantities for the U.S. 
economy. The model is simulated with only the productivity shocks (holding the financial vari-
able at its steady-state level), only the financial shocks (holding productivity at its steady-state 
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level), and the full baseline specification with both shocks. The true path of the data are also 
shown. The model provides a reasonable fit to the U.S. data. The productivity shock is key to 
generating the boom prior to the Great Recession but in general fails to move hours worked 
sufficiently. The addition of financial shocks, by increasing the labor wedge, generates a larger 
decline in hours worked during the Great Recession, which enables the model to generate a 
much closer fit to the magnitude of the decline in output than is generated with productivity 
shocks alone. Indeed, the presence of financial shocks improves the fit of hours worked across 
the whole specification. Despite this, the labor wedge implied by the financial series does not 
generate the persistence in the decline in output seen in the data after 2009, as financial con-
ditions do not deteriorate further. This emphasizes that it is changes in rather than the level 
of financial conditions that matter for the model’s dynamics. As a result, GDP rebounds too 
quickly. Financial conditions are unable to account for the slow recovery in the U.S. economy. 

The lower panel presents the response of the financial variables. Here we see the model is 
able to accurately capture the dynamics of debt repurchases and equity payouts. As in the data, 
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Comparing the U.S. and U.K. Stochastic Processes

NOTE: Fed survey, Federal Reserve Senior Loan Officer Opinion Survey on Bank Lending Practices. BOE survey, Bank of England Credit Conditions 
Survey.
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during the Great Recession, firms substituted debt for equity in the face of tighter lending 
conditions. The model with only productivity shocks is less able to match these dynamics. 
Post 2012, in the face of smaller disturbances to financial conditions, firms kept their financing 
decisions fairly constant. 

6.2 U.K. Great Recession and Recovery

Figure 7 presents the same exercise for the U.K. economy. The combined shocks in the 
U.K. case do a better job of matching the output data than they do for the U.S. case. In par-
ticular, the U.K. productivity series provides a better fit during both the 1990s recession and 
mid-2000s boom than the U.S. series. Similar to the U.S. case, the productivity shocks alone 
are not able to generate the decline in output seen during the Great Recession, but with the 
addition of the financial shocks, the model captures the sharp decline during this period. 
Indeed, the combined shocks probably generate too-large a contraction from 2007 onward.19 

In the U.S. calibration, the predictions of the model subjected to financial shocks improved 
the model’s fit to the data due to the superior representation of the fluctuations in hours worked, 
but this is less clear in the U.K. calibration. While financial shocks do add more volatility to 
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the hours-worked series, the model does not provide a good fit. It generates too large a reduc-
tion in hours worked in the early 1990s, and the decline predicted for the Great Recession is 
significantly in excess of that observed in the data. This does present a puzzle. The model’s 
ability to improve the match of the dynamics of the output series is highly dependent on the 
movement of hours worked. If the financial frictions “get GDP right,” but achieve this by over-
estimating the reduction in hours worked, this suggests the movement in the labor wedge 
generated in the U.K. data by financial shocks is counterfactually large. This prediction calls 
into question the relevance of this channel for understanding the Great Recession in the 
United Kingdom. 

The U.K. model does a better job of fitting the delayed recovery than the U.S. model does, 
with both financial shocks and productivity shocks providing a reasonable account of the 
output dynamics. One of the reasons for this is that the financial variables take longer to 
recover in the U.K. case than in the U.S. case, generating a series of small negative financial 
shocks between 2010 and 2012. The further financial shocks delay the recovery in hours in 
the U.K. model, matching the slow recovery seen in the data. However, this comes at the cost 
of missing the boom in hours worked post 2012, due to the very same mechanism. A declining 
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labor wedge, driven by improving financial conditions, would be required to match this fea-
ture. This is not observed in the financial series estimated in the U.K. data. Further, all else 
equal, a declining wedge would come at the cost of a worse fit to the sluggish output growth 
observed in the post-recession period by generating a new boom. 

The model’s predictions for the financial series are now considered. The addition of finan-
cial shocks enables the model to capture the dynamics of debt repurchases post 1997 and during 
the Great Recession, but quantitatively it predicts too much debt repurchasing during the 
1990s recession. Unsurprisingly, the equity payouts series is poorly replicated by the model, 
as it predicts a procyclical pattern not evident in the data. When recalibrated and compared 
with the alternative U.K. debt repurchases and equity payouts series, the fit with equity pay-
outs is improved, but the debt repurchases series is now too volatile (see Figure A1). 

A measure of best fit of the model is the sum of squared deviations of the predicted model 
series from the data for the U.S. and U.K. economies, when feeding in the productivity shocks, 
financial shocks, or both (Table A2). In the U.S. case for GDP, hours, and debt repurchases, 
the addition of the financial shocks improves the model fit relative to a model with only one 
of the shock series. In the U.K. case, the model with only productivity shocks fits the data best. 
Surprisingly, the model with only productivity shocks is also a superior fit for both financial 
variables (debt repurchases and equity payouts).

6.3 Business Cycle Accounting Meets Financial Frictions

The relative success and failure of the RBC model with financial shocks to explain the 
U.S. and U.K. data mirrors the findings of the BCA exercise. Indeed, the Jermann and Quadrini 
(2012) model can be mapped directly into the BCA framework despite the inclusion of addi-
tional financial variables. 

The main mechanism by which firm financing decisions impact real variables in the model 
is the labor wedge. It can be easily shown that μtφd(dt) = τnt , and thus the labor wedge’s size is 
determined by the tightness of the enforcement constraint and deviations from long-run equity 
payouts. It can additionally be shown that the financing frictions appear in the investment 
wedge through tomorrow’s Lagrange multiplier on the financial constraint, μt +1, and changes 
in the relative marginal cost of dividend issuance this period and next. One could further extend 
the BCA framework in the spirit of Sustek (2011), who incorporates asset market and monetary 
policy wedges to apply the BCA framework to monetary models. Indeed, an additional asset 
market wedge shows up in the intratemporal debt condition, equation (4). Data on the finan-
cial variables, either debt repurchases or equity payouts, could be used to pin down fluctuations 
in the asset market wedge. However, in terms of the analysis, this would alter the behavior of 
only the investment wedge, rather than the labor wedge. It is the latter that is the key channel 
for differentiating between the experiences of the U.S. and U.K. economies. 

In the United States, where a large role has been found for the labor wedge during the 
Great Recession, the financial contraction improved the model fit to aggregate dynamics. In 
the United Kingdom, while financial shocks improved the fit of the decline in output during 
the Great Recession, the implied hours movements were too large, calling into question the 
importance of this channel. The model appears to be overly sensitive to this transmission 
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mechanism when calibrated to the U.K. productivity and financial shock processes. Related 
reasoning would also seem to cast doubt on a housing-specific financial channel in the United 
Kingdom. It has been shown that the construction sector of the U.S. housing market is highly 
interconnected with other sectors of the economy (Boldrin et al., 2012). These linkage can 
transmit demand shocks to employment responses in other sectors, manifesting as a large 
labor wedge. In the United Kingdom, one explanation could be that the construction sector 
is less integrated, otherwise these linkages would generate too large a response in the labor 
market, as seen in the financial channel analysis above. Further, while households in the United 
Kingdom were more indebted than their U.S. counterparts, thus potentially more vulnerable 
to a credit squeeze, the decline in house prices was actually less severe in the United Kingdom, 
possibly suggesting a smaller financial shock (see Section 2.2). 

Finally, from the earlier analysis we concluded that frictions that affect the investment 
margin are of minor importance in explaining U.K. output movements, which would rule out 
an alternative financial accelerator channel as proposed by Bernanke, Gertler, and Gilchrist 
(1999), mirroring the original findings of Chari, Kehoe, and McGrattan (2007) for the United 
States. If financial frictions are of first-order importance for understanding the U.K. experi-
ence in the Great Recession, it appears they must manifest in the efficiency wedge, perhaps 
due to firm heterogeneity as highlighted by Buera and Moll (2015). This differs from the expla-
nation for the United States.

7 CONCLUSION
This article has analyzed the role of financial shocks in understanding the Great Recession 

and recovery in the United States and United Kingdom. The addition of financial shocks 
certainly helps explain the depth of the decline in output between 2007 and 2009 in both 
countries. However, despite the apparent similarities between the two recessessions, it seems 
difficult to attribute both to the same cause: financial shocks that constrain firm hiring deci-
sions. The key mechanism by which the simple model transmits financial shocks to the econ-
omy—the introduction of a labor wedge—seems more applicable to the U.S. data than the 
U.K. data. The volatility of hours worked in the United Kingdom is not consistent with this 
channel. Instead, much of the dynamics of the macroeconomic quantities, even during the 
recent recession, can still be accounted for by movements in a simple efficiency wedge or pro-
ductivity variable. This may be due to differences in the housing or financial market structures. 
While the dynamics of debt repurchases are similar in the United Kingdom and the United 
States, equity payouts are acyclical in the United Kingdom, whereas they are strongly counter-
cyclical in the United States. For policymakers this would seem to suggest that efforts during 
the crisis to alleviate the tightening of credit and offset financial shocks may have had more 
potency in the United States relative to in the United Kingdom. In the United Kingdom, other 
policy tools such as fiscal policy may have been more appropriate, although a full analysis of 
the optimal policy response is beyond the scope of this article. Further, given the greater 
indebtedness of U.K. households in 2007 and similar behavior of debt repurchases in the United 
States and United Kingdom, it is not necessarily clear policymakers could have diagnosed 
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this difference a priori. Thus, a more general policy finding is to emphasize the need to monitor 
the magnitude of various channels during a crisis, even when the causes appear to be strongly 
related across countries. 

Finally, in the post-recession period, financial factors are attributed different importance. 
Financial variables returned more quickly to normality in the United States; therefore, this 
channel has limited explanatory power for the slow recovery. In the United Kingdom between 
2010 and 2012, negative financial shocks do appear to have played a role in delaying the recov-
ery in hours worked, partially explaining the slow recovery. However, through the lens of the 
model, the hours booms post 2012 observed in the United Kingdom would imply a significant 
loosening of financial frictions since the crisis, but this is not supported by the data. n
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APPENDIX
Construction of Equity Payouts and Debt Repurchases Series

• Equity payouts = (Net dividends – Share issues)/Business GDP 
• Debt repurchases = –Net increase in credit market instruments/Business GDP 
• For the United States, equity payouts and debt repurchases are constructed as in 

Jermann and Quadrini (2012). 
• For the United Kingdom, data are from the Office of National Statistics: 
  Net dividends: Distributed income of corporations (code: ROCH) 
  Share issues: Net acquisition of financial liabilities (code: NEVL) 
  Net increase in credit market instruments: Net acquistions of financial liabilities:   

 Securities other than shares (NETR) + Net acquisitions of financial liabilities: Loans  
 (NEUT) 

  Business GDP: GDP (code: YBHA) – (General government: Final consumption   
 expenditure (code: CPSA) 

• Nonseasonally adjusted items are seasonally adjusted and smoothed with a moving 
average. One observational outlier in share issuance (2000:Q1) is removed and replaced 
with average-over-average values from three quarters before and three quarters after. 

Table A1
Properties of Business Cycle Accounting Wedges

A. Summary statistics

SD x( )
SD gdp( )

Cross correlation with y(t – k), k =

Variable –2 –1 0 1 2

Efficiency 0.76 0.58 0.59 0.65 0.31 0.06 

Labor 1.57 0.36 0.51 0.62 0.73 0.78 

Investment 0.74 0.13 0.06 0.02 –0.26 –0.46 

Government consumption 2.00 –0.30 –0.38 –0.32 –0.34 –0.25 

B. Cross correlations

Cross correlation with X(t), Z(t – k), k =

Variable X,Z –2 –1 0 1 2

Efficiency, labor 0.28 0.10 –0.11 –0.22 –0.34 

Efficiency, investment 0.19 0.42 0.71 0.60 0.51 

Efficiency, government consumption –0.27 –0.26 –0.11 –0.08 0.08 

Labor, investment –0.75 –0.75 –0.74 –0.51 –0.30 

Labor, government consumption –0.16 –0.27 –0.41 –0.44 –0.45 

Investment, government consumption –0.07 0.00 0.13 0.22 0.33 

NOTE: SD, standard deviation.
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Table A2
Squared Deviations of Model Simulation from the Data

Variable Shocks U.S. U.K.

Output

Productivity 0.15 0.06 

Financial 0.17 0.07 

Both 0.11 0.14 

Hours

Productivity 0.22 0.16 

Financial 0.17 0.35 

Both 0.16 0.26 

Debt repurchases

Productivity 0.14 0.27 

Financial 0.11 0.39 

Both 0.07 0.34 

Equity payouts

Productivity 0.07 0.33 

Financial 0.11 0.51 

Both 0.09 0.49 
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U.K. Model with Productivity and Financial Shocks: Alternative Debt and Equity Definitions
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NOTES
1 This follows the well-established methodology set out in King and Rebelo, 1999. All data are in logs and measured 

as deviations from an HP (Hodrick-Prescott) filter trend.

2 For income, we use household disposable income.

3 The OECD reports a slightly higher measure of the debt-to-income ratio for the United Kingdom than that 
reported by the National Accounts. For the United States, the measures coincide almost exactly. 

4 U.S. data are from the Federal Reserve Flow of Funds. U.K. data are from the U.K.’s Economic Accounts, published 
by the Office for National Statistics. Both refer to the behavior of the private non-financial corporate sector. Full 
details of the data used are presented in the appendix.

5 This finding is debated in the finance and macroeconomic literature; see Covas and Haan (2011).

6 This can be attributed to a ten-fold increase in the flow of share and equity issuance at this time, largely due to 
significant merger and acquisition activity.

7 As emphasized by Chari, Kehoe, and McGrattan (2007), while the wedges are held constant, the decision rules still 
react to the underlying state vector st, which does fluctuate—so the expectations of the wedge, or wedges, that 
fluctuates is identical to the fully specified prototype economy. 

8 Both output and labor are normalized to 1.0 in the base period—the beginning of the recession, 2007:Q4. Invest-
ment is divided by the base period level of output. A technological progress trend of 2.38 percent is removed 
from output, investment, and the government consumption wedge.

9 For example, Chari, Kehoe, and McGrattan (2007) shows input-financing frictions can also manifest themselves as 
an efficiency wedge.

10 Such an assumption could be justified on the basis of costly verification of the true value of a firm’s capital; see 
Shleifer and Vishny (1992). 

11 Such a cost could be associated with the pecuniary transaction costs associated with share repurchases and 
equity issuance (Altinkilic and Hansen, 2000) or the preference for dividend smoothing (Lintner, 1956).

12 The firm’s equity value is defined as the firm’s value divided by its current-period net assets: V(s;k,b)/(k – b).

13 It can be shown that providing τ > 0, in the steady state, the enforcement constraint binds and μ > 0.

14 Taxes, which are taken as given, are solely used to finance the tax benefit of debt for firms and is equal to  
Tt = Bt+1/[1 + rt(1 – τ)] – Bt+1/(1 + rt).

15 Note that end-of-period debt is the relevant data measure, where be = b/(1 + rt).

16 In both countries the VAR still satisfies the stability requirement, with the eigenvalues inside the unit circle.

17 To solve for the policy functions, the model is log linearized around the steady state, under the assumption of a 
constantly binding enforcement constraint. Notice the simulation implies that the Lagrange multiplier does not 
always bind in the U.K. case, although except from at the beginning of the series these deviations are fairly small.

18 For the United States, the variable is the net percentage of domestic banks tightening standards for large and 
middle-market firms reported in the Federal Reserve’s Senior Loan Officer Opinion Survey on Bank Lending 
Practices. For the United Kingdom it is the change in the availability of credit to the corporate sector reported in 
the Bank of England’s Credit Conditions Survey.

19 One subtlety is that the stronger co-movement of the productivity and financial variables in the U.K. calibration 
means that firms anticipate a tightening of credit conditions when productivity declines, even if the variable is 
held at the steady state. Thus, the channels are less distinguishable than in the U.S. economy.
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