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Introduction and summary

One of the key observations to come out of the recent
crisis is that financial innovation has made it difficult
to capture broad financial conditions in a small number of
variables covering just a few traditional financial markets.
The network of financial firms outside the traditional
commercial banking system—that is, the so-called shad-
ow banking system—was at the forefront of many of
the major events of the crisis, as were newer financial
markets for derivatives and asset-backed securities.

In the wake of the crisis, policymakers, regulators,
financial market participants, and researchers have all
affirmed the importance of the interconnections between
traditional and newly developed financial markets, as
well as their linkages to the nonfinancial sectors of the
economy. The Dodd—Frank Wall Street Reform and
Consumer Protection Act of 2010 sets forth a financial
stability mandate built on this widespread affirmation.

Monitoring financial stability, thus, now explicitly
requires an understanding of both how traditional and
evolving financial markets relate to each other and
how they relate to economic conditions. Indexes of
financial conditions are an attempt to quantify these
relationships. Here, we describe two new indexes that
expand on the work of Illing and Liu (2006), Nelson
and Perli (2007), Hakkio and Keeton (2009), and
Hatzius et al. (2010).

In what follows, we first describe our method
of index construction. The novel contribution of our
method is that it takes into account both the cross-
correlations of a large number of financial variables
and the historical evolution of the index to derive a
set of weights for each element of the index. We also
develop an alternative index that separates the influ-
ence of economic conditions from financial conditions.
We then highlight the contribution of different sectors
of the financial system to our indexes, as well as the
systemically important indicators among them.
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Next, we show that the indexes of financial con-
ditions we produce are useful tools in gauging finan-
cial stability. Major events in U.S. financial history
are well captured by the history of our indexes, as is
the interdependence of financial and economic condi-
tions. To further demonstrate the latter, we establish
that it is possible to use our indexes to improve upon
forecasts of measures of economic activity over short
and medium forecast horizons.

Measuring financial conditions

Indexes of financial conditions are typically con-
structed as weighted averages of a number of indicators
of the financial system’s health. Commonly, a statisti-
cal method called principal component analysis, or
PCA, is used to estimate the weight given each indi-
cator (see box 1 for details). The benefit of PCA is
its ability to determine the individual importance of
a large number of indicators so that the weight each
receives is consistent with its historical importance
to fluctuations in the broader financial system.

Indexes of this sort have the advantage of captur-
ing the interconnectedness of financial markets—a de-
sirable feature allowing for an interpretation of the
systemic importance of each indicator. The more
correlated an indicator is with its peers, the higher the
weight it receives. This allows for the possibility that
a small deterioration in a heavily weighted indicator
may mean more for financial stability than a large
deterioration in an indicator of little weight.
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Here, we explain the mathematics behind PCA.!

In our explanation, x, denotes the 1x N element row
vector of data at time ¢. The first step is to form the
stacked matrix of data vectors X, where each column
of this vector contains 7 observations of a financial
indicator normalized to have a mean of zero and a
standard deviation of one. The eigenvector—eigenvalue
decomposition of the variance—covariance matrix

X, X, then produces a set of weights referenced by
the N x 1 vector W corresponding to the eigenvector
associated with the largest eigenvalue of this matrix.?
These weights are used to construct a weighted sum
of the x, at each point in time such that the resulting
index is given by [, = X, W.

In a general setting, variation in the frequency or
availability of data makes PCA infeasible. To circum-
vent this issue, many indexes restrict the set of financial
indicators and the time period examined at the cost of
losing coverage of more recently developed financial
markets and longer historical comparisons. Alternatively,
Stock and Watson (2002) show how this issue can be
addressed by an iterative estimation strategy that relies
on the incomplete data methods of the expectation-
maximization (EM) algorithm of Watson and Engle
(1983). As the number of indicators becomes large,
this strategy produces an index estimate with the same
desirable statistical properties as PCA.

The EM algorithm uses the information from the
complete, or “balanced,” panel of indicators to make
the best possible prediction of the incomplete, or
“unbalanced,” panel of indicators. Stock and Watson’s
(2002) EM algorithm begins with estimation by PCA

What is principal component analysis?

on a balanced subset of the data to obtain an initial
estimate of the index. Data for each of the financial
indicators are then regressed on this estimate of the
index, and the results of each regression are used to
predict missing data. The index is then reestimated
by PCA on both the actual and predicted data. This
process continues until the difference in the sum of
the squared prediction errors between iterations
reaches a desired level of convergence.

Stock and Watson’s (2002) EM algorithm is,
however, a purely static estimation method and does
not incorporate information along the time dimension
into the construction of the index. In addition, it, too,
is restricted by the need for an initial balanced panel
of the highest-frequency indicators, given its reliance
on PCA. Because most high-frequency financial indi-
cators are not readily available prior to the mid-1980s,
this constraint is not trivial. We, instead, use this
method as a starting point, but then rely on the alter-
native estimation procedure of Doz, Giannone, and
Reichlin (2006). Their method allows us to also in-
corporate information along the time dimension into
our index, and is a form of what is referred to as
dynamic factor analysis.

'For further details on PCA, see Theil (1971), pp. 46—48.

2Underlying the normalization of the data is the concept of
“stationarity,” or the notion that the mean and variance of
each indicator do not vary over time. For this to be true, some
indicators must first be altered with a stationarity-inducing
transformation prior to estimation. The stationarity-inducing
transformations we used can be found in table A1 in the
appendix.

The PCA method also has its limitations, however.
For instance, often the choice of which financial indi-
cators to include is restricted by the frequency of data
availability, as well as the length of time for which data
are available. Work by Stock and Watson (2002) and
others have shown how to relax some of these constraints,
and we pursue this direction further so as to construct
a richer and longer time series for our indexes.

Our goal is to be able to construct high-frequency
indexes with broad coverage of measures of risk, liquid-
ity, and leverage. By risk, we mean both the premium
placed on risky assets embedded in their returns and
the volatility of asset prices. In terms of liquidity, our
measures capture the willingness to both borrow and
lend at prevailing prices. Measures of leverage, in
turn, provide a reference point for financial debt rela-
tive to equity.

Federal Reserve Bank of Chicago

To allow for historical comparisons and financial
innovation, our method must also be able to incorporate
time series of varying lengths and different frequencies.
To do so, we apply the methods of Doz, Giannone, and
Reichlin (2006) and Aruoba, Diebold, and Scotti (2009)
(see box 2 for details). This framework allows us to
make use of weekly, monthly, and quarterly financial
indicators with histories that potentially begin and
end at different times.

To briefly describe our method, we add a second
dimension to the averaging process—namely, the time-
series dimension of the index. At each point in time,
all of the available indicators are used to construct the
index, ignoring those that are unavailable. The histor-
ical time-series dynamics of the index are then used
to smooth its history; and when these indicators again
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Our FCI is constructed in a similar fashion to many
coincident indicator models where the variation in

a panel of time series is governed linearly by an un-
known common source and an idiosyncratic error
term. The static measurement equation these models
all have in common is of the following form:

‘Xt: FFt+ Sr’

where F represents a 1 x T latent factor capturing a
time-varying common source of variation in the N x T
matrix of standardized and stationary financial indica-
tors X and I" represents its N x 1 loadings onto this
factor. A defining characteristic of X, for our FCI is
its large size in both the cross section () and time
domain (7).

Adding dynamics of some finite order to the
latent factor moves the model into the large approxi-
mate dynamic factor framework of Doz, Giannone,
and Reichlin (2006). The state-space representation
of this model is given by:

X=TF+¢,
F=A4F +v,
where I' are factor loadings estimated off the cross

section of financial indicators and A is the transition
matrix describing the evolution of the latent factor

Estimating our financial conditions indexes

over time. The latent factor’s dynamics, p, as ex-
pressed in the transition matrix 4 are assumed to be
of finite order: p = 15 weeks. Fifteen lags correspond
roughly with one quarter’s worth of data.

With the model in state-space form and initial
estimates of the system matrices, the EM algorithm
outlined by Shumway and Stoffer (1982) can be used
to estimate the latent factor F. At each iteration of
the algorithm, one pass of the data through the Kalman
filter and smoother is made, followed by reestima-
tion of the system matrices by linear regression.' The
log-likelihood function that results is nondecreasing,
and convergence is governed by its stability.

We use the PCA-based EM algorithm of Stock
and Watson (2002) to provide consistent initial estimates

of I and %, and we use linear regression on the
subsequent estimate of F, to obtain consistent initial
estimates of 4 and % It is worth emphasizing,

however, that these initializations are more restrictive
than necessary and serve in this framework only to
considerably reduce the required number of iterations
of the EM algorithm. For instance, PCA normalizes
the factor loadings to satisfy % = [ and assumes

that % = o°I. The large approximate dynamic factor

become available, the history is updated to reflect the
information gained.

Using this method, we construct our weekly finan-
cial conditions index (FCI) that takes into account both
the cross-correlations of the indicators and the historical
evolution of the index itself in determining the appro-
priate weights. The latter serves to smooth changes to
the index over time, leaving behind more persistent con-
tributions from the indicators. This feature is desirable,
particularly in real time, because it avoids putting too
much emphasis on potentially temporary factors influ-
encing financial conditions.

Following Hatzius et al. (2010), we also consider
adjusting the indicators for current and past economic
activity and inflation prior to construction of the index.
Our “adjusted” FCI, described in box 2, is motivated
by the observation that financial and economic condi-
tions are highly correlated. Removing the variation
explained by the latter addresses potential asymmetries
in the response of one to the other. For instance, a
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deterioration in financial conditions when economic
growth is high and inflation low may have different
effects on the real economy than a deterioration in
financial conditions when economic growth is low
and inflation high.

Our adjusted FCl is, thus, likely relevant for iso-
lating the source of the shock to financial conditions.'
That said, our FCI is a broader metric of financial sta-
bility because it captures the interaction of financial
conditions and economic conditions. Combined, the
two indexes could serve as useful policy tools by pro-
viding a sense of how tight or loose financial markets
are operating relative to historical norms.

Figure 1 plots our FCI and adjusted FCI. Interpreting
the level of both requires a reference to some historical
norm. The norm considered in figure 1 is the sample
mean of each index, which provides a sense of the aver-
age state of financial conditions, or its long-term his-
torical trend. In this sense, a zero value for our FCI in
figure 1 corresponds with a financial system operating
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BOX 2 (CONTINUED)

model framework relaxes this assumption, instead using
. Vv )
the normalization that # = I and accommodating

cross-sectional heteroskedasticity, that is,

Because of the varying frequencies of observa-
tion of the data in our FCI, we must also make two
extensions to the EM algorithm prior to estimation.
The first involves setting up the Kalman filter to
deal with missing values as discussed by Durbin and
Koopman (2001). The second modification involves
including additional state variables that evolve deter-
ministically to adjust for the temporal aggregation
issues caused by the varying frequencies of data
observation. Here, we follow Aruoba, Diebold, and
Scotti (2009) in their application of Harvey (1989)
to data of varying frequencies of observation to
augment the transition dynamics of the state-space
model accordingly.

Our adjusted FCI requires pretreatment of the data
before application of the routine we just described. Each
of the 100 financial variables is first regressed on current
and lagged values of a measure of the business cycle—
that is, the three-month moving average of the Chicago
Fed National Activity Index (CFNAI-MA3)—and infla-
tion—that is, three-month total inflation as measured
by the Personal Consumption Expenditures (PCE)

Estimating our financial conditions indexes

Price Index—with the number of current and lagged
values in each regression chosen for each variable using
the Bayesian Information Criterion. The independent
variables of these regressions were transformed so as
to match the frequency of observation of the dependent
variable. For weekly variables, we assumed only lagged
values enter the regression and that these values are
constant over the weeks of the month because of the
monthly frequency of observation for the CFNAI-MA3
and total PCE inflation. The standardized residuals
from these regressions are then used to construct our
adjusted FCI.

Our 100 financial indicators consist of 47 weekly,
29 monthly, and 24 quarterly variables. The longest
time series extends back to 1971, while the shortest
begins in 2008. We estimate the EM algorithm on the
unbalanced panel from the first week of 1971 through
2010. However, we only consider the estimates from
the first week of 1973 onward. At this point, over
25 percent of the financial indicators we examine
have complete time series. Because of the number
of high-frequency indicators we examine, it is not
until 1987 that 50 percent have complete time series.

'In addition, a small alteration in the least squares step is re-
quired to account for the fact that the unobserved components
of the model must first be estimated. See Brave and Butters
(2010a) for more information on the construction of the index.

at the historical average levels of risk, liquidity, and
leverage. For our adjusted FCI, a zero value indicates
a financial system operating at the historical average
levels of risk, liquidity, and leverage consistent with
economic conditions.

In general, risk measures receive positive weights
in each index, whereas liquidity and leverage measures
tend to have negative weights. This pattern of increasing
risk premiums and declining liquidity and leverage is
consistent with tightening financial conditions, and pro-
vides us a basis for interpreting both indexes: Positive
index values indicate tighter conditions than on average,
and negative index values indicate looser conditions
than on average.

In addition, it is common for financial conditions
indexes to be expressed relative to their sample standard
deviations. We follow this approach to establish a scale
for our FCI and adjusted FCI in figure 1. Measured in
this way, an index value of 1.0 is associated with finan-
cial conditions that are tighter than on average by one

Federal Reserve Bank of Chicago

standard deviation. Similarly, an index value of —1.0
indicates that financial conditions are looser than on
average by one standard deviation.

It is important to note, however, that given the
transformations described previously, direct compari-
sons across the two indexes are not valid. Instead,
comparisons must be made with respect to how each
captures financial conditions over time. For instance,
our adjusted FCI is much less persistent, moving above
and below its average value more frequently than our
FCI. It is also the case that our adjusted FCI gives
more emphasis to recent financial market disruptions,
often putting them on par with the more volatile
1970s and 1980s.

Instances can occur where adjusting for economic
conditions produces a different interpretation of finan-
cial conditions than our FCI. Periods of high economic
growth, such as the mid-1980s and late 1990s, often
lead to an above-average adjusted FCI when our
FCl is below average. Conversely, periods of high
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Financial conditions indexes (FCI and adjusted FCI), 1973-2010
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inflation, such as the 1970s and early 1980s, often
lead to a below-average adjusted FCI when our FCI
is above average.

Systemically important indicators

There are two ways to view the systemic relation-
ship expressed in each indicator’s weight: by its sign
and by its magnitude. Risk measures with their gener-
ally positive weights and liquidity and leverage mea-
sures with their generally negative weights imply that
increasingly positive values of the index capture periods
of above-average risk and below-average liquidity and
leverage. Conversely, increasingly negative values of
the index capture periods where risk premiums are below
average and liquidity and leverage are above average.

The way in which leverage enters our indexes is
in line with Adrian and Shin (2010), who find leverage
is often procyclical (that is, it is positively correlated
with the overall state of the economy). In this way, the
process of deleveraging appears in the indexes as an
indicator of deteriorating financial conditions. Unlike
other methods, however, our estimation framework
can potentially take into account that a buildup of
leverage generates a tendency to reverse itself that
depends on the degree of mean reversion that our
FCI and adjusted FCI have shown over time.

Taking into account the financial markets represent-
ed, we have segmented the financial indicators in our
FCI and adjusted FCI into three categories: money
markets (28 indicators), debt and equity markets (27),
and the banking system (45). Table A1 in the appendix
summarizes all 100 financial indicators in the form they
enter both indexes; the indicators are listed in this
order—from those with the largest positive weights
to those with the largest negative weights within each
category for our FCI. Because in our estimation method
the weights are only identified up to scale, we have
scaled them to have a unit variance in the table for
ease of comparison.

The money markets category is made up mostly
of interest rate spreads that form the basis of most
other financial conditions indexes.? However, unlike for
many of these indexes, we also include in this category
measures of implied volatility and trading volumes
of several money market financial products. Interest
rate spreads and measures of implied volatility tend
to receive positive weights, whereas trading volumes
tend to receive negative weights. The implication of
this pattern is that widening spreads, increasing vola-
tility, and declining volumes all constitute a tightening
in money market conditions.

Some of the interest rate spreads given the great-
est positive weights in our FCI include the one-month
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nonfinancial A2P2/AA commercial paper credit spread,
as well as the two-year interest rate swap and the three-
month Libor spreads relative to Treasuries. The first
captures the risk premium for issuing short-term com-
mercial paper to less creditworthy borrowers. The re-
maining two indicators capture elements of liquidity
and credit risk in the interest rate derivative and inter-
bank lending markets, respectively. The Merrill Lynch
implied volatility measures for options and swaptions
(MOVE and SMOVE) also receive large positive
weights, whereas open interest in money market
derivatives and repo market volume receive sizable
negative weights. The former two indicators are, in

a sense, measures of risk, while the latter two can be
viewed as measures of liquidity and leverage.

The debt and equity markets category comprises
mostly equity and bond price measures capturing vol-
atility and risk premiums in their various forms. In
addition to stock and bond market prices, we include
in this category residential and commercial real estate
prices, as well as municipal and corporate bond, stock,
asset-backed security, and credit derivative market
volumes. The latter measures capture elements of both
market liquidity and leverage. In general, the indicators
in this category follow the same pattern as the money
market category, so that widening credit spreads, in-
creasing volatility, and declining volumes denote
tightening debt and equity market conditions.

In terms of equities, the largest positive weight
in our FCI is given to the Chicago Board Options
Exchange (CBOE) Market Volatility Index, commonly
referred to as the VIX, which measures the implied
volatility of the Standard & Poor’s (S&P) 500; the
largest negative weight is given to the relative valuation
of financial stocks in the S&P 500 (S&P Financials/
S&P 500). In terms of bonds, credit spreads such as
the high yield/Baa corporate and financial/corporate
enter strongly here with large positive weights; so do
spreads relative to Treasuries or swaps for nonmortgage
asset-backed securities (ABS), mortgage-backed
securities (MBS), and commercial-mortgage-backed
securities (CMBS). Swap spreads on credit derivatives
for investment grade and high-yield corporate bonds—
or credit default swaps (CDS), a measure of insurance
protection tied to default—are also given sizable
positive weights.

The banking system category contains mainly
survey-based measures of credit availability as well
as accounting-based measures for commercial banks
and so-called shadow banks, but a few interest rate
spreads also appear in this category. The former indi-
cators are primarily measures of liquidity and leverage,
but they also capture the risk tied to deteriorations in

27



A.FCI
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Note: All values are in percent.

Decomposition of variance explained by financial conditions indexes
(FCI and adjusted FCI)

Il Money markets
Debt and equity markets
Banking system

B. Adjusted FCI
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credit quality. Of the interest rate spreads, the difference
between the 30-year jumbo and conforming fixed-rate
mortgages receives the largest positive weight, followed
by the 30-year conforming mortgage/10-year Treasury
yield spread.

The Federal Reserve Board’s Senior Loan Officer
Opinion Survey questions on loan spreads and lending
standards all enter strongly into our FCI (mostly with
large positive weights so that widening spreads and
tighter standards reflect tighter conditions in the banking
system), as do several other survey measures of busi-
ness and consumer credit availability. Depending on
how these survey measures are expressed, some receive
large negative weights; but in each case, declining avail-
ability coincides with tighter banking system conditions.

The Credit Derivatives Research Counterparty
Risk Index, measured as the average of the CDS spreads
of the largest 14 issuers of CDS contracts, also receives
a large positive weight, with the remaining weight
split roughly evenly between measures of credit quality
and commercial and shadow bank lending and leverage.
All of these measures capture the inherent risks to the
stability of the financial system posed by the potential
collapse of commercial and shadow bank entities.

Differences arise in the relative systemic impor-
tance of several indicators when considering the impact
of economic conditions in the estimation of the indicator
weights. Figure 2 helps to explain these differences.
Measures of the health of the banking system capture
41 percent of the variation explained by our FCI, fol-
lowed by money market measures at 30 percent and
debt and equity market measures at 29 percent. After
performing the same calculation on our adjusted FCI,
we note that money market measures now dominate
at 54 percent, with debt and equity market measures
accounting for 26 percent and the banking system
measures accounting for 20 percent.

Thus, the primary effect of adjusting for economic
conditions appears to be the reduction in importance of
banking system measures. The survey-based indicators
within the banking system category, in particular, show
the largest declines in weight. A lower weight in this
case indicates that much of the variation in these indi-
cators can be explained by changes in either economic
activity or inflation over time. A secondary effect, visible
in table A1 in the appendix, is the addition of weight
to certain measures of liquidity and leverage—that is,
corporate bond and asset-backed security issuance, the
net notional value of credit derivatives, and several
commercial and shadow bank leverage measures.
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It is likely that some of this result, shown in figure 2,
stems from the fact that most of the previously men-
tioned measures are available at a weekly frequency.
Our adjustment for economic conditions is more like-
ly to account for medium-frequency rather than high-
frequency variation. However, an examination of the
weights in table A1 suggests that this cannot be the
sole explanation. Several weekly money market mea-
sures receive greater weight—for example, the three-
month London interbank bid (Eurodollar) and offered
(TED) rate spreads; but there are also a number of
weekly debt and equity market measures that receive
less—for example, the high yield/Baa corporate bond,
CMBS, and various credit derivative swap spreads, as
well as the VIX.

Gauging financial stability

One way to judge the validity of our indexes as
measures of financial stability is to follow the narra-
tive approach and link their values to significant events
in U.S. financial history. To illustrate this point, we
plot our FCI and adjusted FCI in figure 3, highlight-
ing prominent historical events.> Each panel of figure 3
depicts a decade of the index. Events are labeled with
text boxes and arrows directed toward a specific week
of both indexes denoted by a circle marker.

Overall, significant periods of crisis in financial
history are well captured by both indexes, as are periods
of relative calm. There are subtle differences, however,
between the indexes around the time of several of the
major events marked in figure 3. The first is clearly
seen in panel A of figure 3 during the 1973-75 period
that saw disruptions in equity markets and the failures
of several large banks. In general, our adjusted FCI is
quicker than our FCI to note both the onset and end
of pressures—as financial conditions began to deteri-
orate prior to the 1973—75 recession and as they be-
gan to recover sooner than the real economy.

For most of the rest of the 1970s, both indexes
indicate very similar financial conditions. However,
by the end of the decade and into the early 1980s, as
shown in panels A and B of figure 3, differences again
emerge. The large swings in economic activity and
inflation during these periods lead the adjusted FCI to
be much more volatile, often swinging from well be-
low zero to well above it very quickly. At their peak
levels, both indexes are still very similar, capturing
very well the major events of this period.

From the mid-1980s through the end of the decade,
differences between the two indexes are much smaller
(panel B of figure 3). Two events, however, stand out
during this period of strong growth and disinflation:
the resolution of Continental Illinois National Bank

Federal Reserve Bank of Chicago

and Trust Company and the “Black Monday” stock
market crash of 1987; the adjusted FCI puts more
weight relative to earlier events on each compared
with the FCI. The adjusted FCI is also quicker to note
above-average tightness in response to the U.S. savings
and loan crisis and quicker to recover from the crisis
after accounting for the 1990-91 recession (see panels B
and C of figure 3).

From the mid-1990s through the end of the decade
(panel C of figure 3), the adjusted FCI consistently
indicates financial conditions relative to economic con-
ditions either about average or tighter than on average.
In contrast, only after the Russian debt default, the sub-
sequent collapse of Long-Term Capital Management,
and the run-up to Y2K (the year 2000 software problem)
does the FCI indicate financial conditions that are tighter
than on average. During this period, the adjusted FCI
additionally picks up the relative tightening in financial
markets surrounding the Mexican peso devaluation and
Asian financial crisis (around the time of the devalua-
tion of the Thai baht).

Despite small differences surrounding the crash
of the NASDAQ Stock Market and the corporate
accounting scandals of the early 2000s (panel D of
figure 3), both indexes generally indicated conditions
looser than on average through the early part of the
previous decade. Beginning in late 2005, the adjusted
FCI moved closer to its average, while the FCI remained
well below its average. The recent financial crisis
appears at about the same time in both indexes, from
mid-2007 through mid-2009, while the recovery reg-
isters a little later in the adjusted FCI.

More recently, as seen in figure 1 (p. 26), both
indexes demonstrate that the financial system has
healed significantly. Financial conditions by either
measure, however, remain tighter than they were be-
fore the crisis. They have also been responsive to the
European sovereign debt concerns that began in the
spring of 2010 and the slowdown in economic activity
throughout the summer months of 2010. In fact, our
adjusted FCI breached its average level in the summer
of 2010 before easing again during the rest of 2010.

Our historical analysis shows that persistent de-
viations in the interpretation of our two indexes con-
tain useful information. The adjusted FCI is, in some
sense, a forward-looking indicator of the FCI. When
financial conditions are out of balance with economic
conditions for an extended period, a correction in the
FCI tends to result. Whether or not this result is due
to the influence of the policy actions taken during
these periods or other economic forces is beyond the
scope of the analysis here. However, we refer the
reader to Brave and Butters (2010a) and Brave and
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Genay (2011) for more rigorous analyses of the FCI
and adjusted FCI.

Forecasting economic conditions

Another test of our indexes is their ability to pre-
dict the impact of changes in financial conditions on
future economic activity. We follow the forecasting
framework of Hatzius et al. (2010); but we refine their
approach in two ways: 1) by concentrating on the por-
tion of our FCI that cannot be explained by its historical
dynamics and 2) by including as explanatory variables
high-frequency nonfinancial measures of economic
activity, such as the Chicago Fed National Activity
Index (CFNAI).*

We refer to the portion of our FCI that cannot be
predicted based on its historical dynamics as the FCI
residual. The FCI residual corresponds with the error
term, v,, from the transition equation of our dynamic
factor model (described in detail in box 2), where we
follow the convention described previously for our FCI
and scale it by its sample standard deviation. Because
the FCI captures an element of financial conditions
that also depends on economic conditions, systematic
changes in the FCI over time reflect the historical
response of financial conditions to past changes in
financial and economic conditions. The FCI residual,
therefore, reflects the deviation of financial conditions
from this historical pattern.

It is this aspect of the FCI residual that we find
appealing as an explanatory variable for future economic
activity; in this regard, we prefer the FCI residual over
the adjusted FCI, which captures only the deviation
of financial conditions from economic conditions.
Hatzius et al. (2010) frame the use of their adjusted
index as a method of focusing purely on the impact
of financial shocks on economic activity. We, instead,
use our FCI because it also contains information on
economic shocks. We then control for whether this
information is in addition to that found in high-frequency
nonfinancial measures of economic activity.

To demonstrate the ability of the FCI residual to
predict future economic conditions and for the sake
of comparison with the adjusted FCI, we conducted a
pseudo out-of-sample forecasting exercise. Our mixed-
frequency forecasting regressions incorporated lagged
values of quarterly forecast variables taken from the
U.S. Bureau of Economic Analysis’s national income
and product accounts (NIPA), as well as current and
lagged values of the three-month moving average of
the CFNALI alone or in combination with the 13-week
moving average of one of the following sampled at the
end of each month: the FCI residual, adjusted FCI, or

34

adjusted FCI residual (which is the portion of the ad-
justed FCI unexplained by its historical dynamics).’
The CFNAI’s three-month moving average serves
as our reference point in evaluating the marginal in-
formation content of our measures of financial condi-
tions over high-frequency nonfinancial measures of
economic activity. It is a summary measure of 85 in-
dicators constructed using PCA on data for production
and income; employment, unemployment, and hours;
personal consumption and housing; and sales, orders,
and inventories.® The CFNALI has been used in the
past to forecast economic growth and inflation by
Stock and Watson (1999) and Brave and Butters
(2010b), among others.
Our forecasting regression takes the following
form:
1 J
Y, = Y=o+ BAY., , + v,CFNAL
i=1

t+1-j
Jj=1

K
+Z O FCI,,\ +¢&,,,

k=1

where Y refers to the natural log of a particular NIPA data
series, CFNAI indicates the three-month moving average
of the CFNALI, and FCI is the 13-week moving average
of either the FCI residual, adjusted FCI, or adjusted FCI
residual. The explanatory variables were aligned with the
NIPA data in the last month of each quarter (¢) to match
frequencies so that the index i represents a quarter (or three
months) and the indexes j and & both represent months.

To construct forecasts, we began with data from
1973:Q1 through 1984:Q4.” One quarter’s worth of
data was then added on a recursive basis and forecasts
made at a horizon (%) of one, two, four, and six quarter(s)
ahead until the end of our data in 2010:Q2. The advan-
tage of this framework is that it mimics the production
of forecasts in real time (minus the impact of data
revisions). In this way, we can account for model
uncertainty. To allow for the further possibility of a
change in lag structure over time, we had each recur-
sive regression incorporate the Bayesian Information
Criterion lag selection method.®

For an evaluation criterion, we used the mean-
squared forecast error (MSFE) statistic computed from
our sample of forecasts from 1985:Q1 through 2010:Q2
expressed relative to the similar statistic based on fore-
casts computed using only lagged quarterly growth rates
of the NIPA variables. This ratio provides a test of model
fit, so that a value less than 1 indicates an improvement
in forecast accuracy relative to an autoregressive base-
line for each NIPA variable. The MSFE statistic summa-
rizes two elements in our pseudo out-of-sample context:
the improvement in fit from incorporating the CFNAI

1Q/2011, Economic Perspectives



Pseudo out-of-sample relative MSFE ratios

from Haver Analytics.

FCI Adjusted Adjusted FCI Adjusted Adjusted
h CFNAI residual FCI FCI residual h CFNAI residual FCI FCI residual
A. Gross domestic product B. Gross domestic purchases
1 0.88 0.81 0.88 0.85 1 1.06 0.98 1.01 1.00
2 0.98 0.82 1.06 0.96 2 1.14 0.90 1.14 1.06
4 1.05 0.90 1.07 1.00 4 1.14 0.98 1.15 1.08
6 1.06 0.88 1.07 1.01 6 1.17 1.05 1.19 1.1
C. Final sales D. Nonfarm private inventories
1 1.06 0.91 1.03 0.96 1 0.59 0.58 0.58 0.60
2 1.07 0.88 1.06 0.97 2 0.37 0.37 0.37 0.37
4 1.16 0.94 117 1.10 4 0.47 0.40 0.46 0.44
6 1.18 1.02 1.20 1.11 6 0.64 0.56 0.63 0.61
E. Nonresidential investment F. Residential investment
1 0.78 0.76 0.79 0.78 1 1.13 0.92 0.93 0.96
2 0.76 0.67 0.81 0.73 2 1.17 0.91 1.19 1.00
4 0.86 0.75 0.90 0.85 4 1.06 0.97 1.1 1.07
6 0.91 0.79 0.89 0.84 6 1.01 0.95 1.03 1.01
G. PCE: Durables H. PCE: Nondurables
1 1.13 0.92 1.1 1.13 1 0.95 0.87 1.00 0.91
2 1.18 0.99 1.19 1.18 2 1.02 0.87 1.15 0.98
4 1.32 1.23 1.29 1.33 4 1.00 0.89 1.05 0.98
6 1.33 1.30 1.37 1.35 6 1.03 0.94 1.07 1.00
I. PCE: Services
1 1.12 1.03 1.10 1.07
2 1.01 0.97 1.01 1.01
4 1.01 0.94 0.98 0.99
6 1.00 0.97 1.03 1.02

Notes: The table displays mean-squared forecast error (MSFE) ratios expressed relative to an autoregressive baseline model. The forecasted
variable is listed at the top of each panel. Column headings for each panel denote the additional variable added to the baseline model: The

CFNAI is the three-month moving average of the Chicago Fed National Activity Index and is included in all four specifications. The FCI residual is
the 13-week moving average of the portion of the financial conditions index unexplained by its historical dynamics, the adjusted FCI is the 13-week
moving average of the financial conditions index adjusted for economic conditions, and the adjusted FCI residual is the 13-week moving average

of the portion of the adjusted financial conditions index unexplained by its historical dynamics—these three individually serve to augment the model
including the CFNALI. The rows in each panel denote the forecast horizon (h) measured in quarters beyond the end of the sample period. The sample
period is recursive beginning in 1973:Q1 and rolling forward from 1985:Q1 through 2010:Q2. PCE denotes personal consumption expenditures.

Source: Authors’ calculations based on data from the U.S. Bureau of Economic Analysis, National Income and Product Accounts of the United States,

alone or from incorporating the CFNAI along with
the FCI residual, adjusted FCI, or adjusted FCI residual
to the forecasting regression, balanced against the added
parameter uncertainty from estimating additional re-
gression coefficients.

Table 1 summarizes the results for nine NIPA
variables all expressed in real, or constant price, terms.
Gross domestic product (GDP) in panel A is the broad-
est measure we consider, but we also examine several
of its components. Gross domestic purchases (panel B)
exclude exports, and thus solely capture domestic de-
mand. Final sales (panel C) remove the influence of
changes in inventories. Nonfarm private inventories,
nonresidential investment, and residential investment
(panels D, E, and F) form the basis of the investment

Federal Reserve Bank of Chicago

component of GDP we consider, and personal expendi-
tures on durables, nondurables, and services (panels G,
H, and I) account for consumption. We do not directly
consider government spending or exports.

A few observations are readily apparent from this
table. First, including the CFNALI in our forecasting
regressions on NIPA data results in a substantial im-
provement in forecast accuracy (MSFE ratios less than
1) for GDP and measures of business investment, par-
ticularly at shorter horizons. Adding the FCI residual
improves upon these initial forecasts at every horizon
and for every variable, with the magnitude of improve-
ment ranging from just less than 1 percent to 22 percent.’
In contrast, adding the adjusted FCI rarely improves
on the forecasts based on the CFNAI alone; and the
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forecasts augmented with the adjusted FCI are less
accurate than the forecasts augmented with the FCI
residual in nearly every case.

The FCl-residual forecasts are also superior
when compared with the adjusted-FCI-residual fore-
casts in nearly every case. However, the adjusted-FCI-
residual forecasts are often superior to the forecasts
based on the CFNALI alone and those augmented with
the adjusted FCI. In this respect, our results suggest
how to improve the ability of the adjusted FCI to fore-
cast future economic activity—the key is to focus on
the portion of the adjusted FCI that is not explained
by its historical dynamics. This potential improve-
ment is made by our extension of the index con-
struction methodology of Hatzius et al. (2010) to
a dynamic framework.

The results in table 1 also suggest that the FCI
residual contains information on future economic
activity in addition to that found in high-frequency
nonfinancial measures of economic activity. There
is, however, considerable variation in the forecasting
performance of the FCI residual over time not shown
in table 1. Much of the gains in forecast accuracy are
concentrated in the recent period. Despite this fact,
the inclusion of the FCI residual in our forecasting
regressions rarely significantly worsens the forecast
based on the CFNALI alone, so that it comes with little
cost but potentially large benefits.

Figure 4 captures an instance of the small cost,
large reward nature of including the FCI residual in
our forecasting regression. It depicts actual real GDP
growth at a two-quarter horizon and the forecasts for
this measure based on the CFNATI’s three-month moving
average, as well as these forecasts including the 13-week
moving average of the FCI residual or adjusted FCI
residual. Differences prior to the recent crisis tend to
be small. During these periods, sometimes the forecast
including the FCI residual is marginally superior and
sometimes it is not.

Federal Reserve Bank of Chicago

The forecast series begin to consistently deviate
from one another in the second half of 2007, when
the crisis started to unfold. Throughout the recent
recession and recovery, the forecast including the FCI
residual has more consistently tracked actual real GDP
growth than any of the other forecasts we consider. At
times during this period, however, the adjusted-FCI-
residual forecast has been superior. The FCI-residual
forecast’s dominance over the adjusted-FCI-residual
forecast over the entire period is due in large part to it
more quickly picking up the beginning of the recent re-
cession and the magnitude of the subsequent recovery.

Conclusion

Our newly constructed financial conditions in-
dexes can serve as tools for both policymakers and
financial market participants in gauging the current
state of financial markets. Computed over a long time
horizon and from a large sample of financial indicators
of different frequencies, these indexes provide a time-
ly assessment of how tightly or loosely financial mar-
kets are operating relative to historical financial and
economic conditions.

As a measure of financial stability, our indexes
exhibit several essential characteristics. Known periods
of financial crisis correspond closely with peak periods
of tightness in each index, and the turning points of
each index coincide with well-known events in U.S.
financial history. Furthermore, our indexes contain
information on future economic activity beyond that
found in nonfinancial measures of economic activity.

Our indexes are also unique in that they derive
from an estimation method that captures both the
systemic importance of traditional and new financial
markets and the dynamic evolution of overall finan-
cial conditions. In the future, we plan to develop this
framework further in order to better understand the
channels through which changes in financial condi-
tions affect economic activity.
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NOTES

'Hatzius et al. (2010) also construct a similar version of their index
of financial conditions and relate it to changes in the federal funds
rate over time. We have found very similar results to theirs; our
adjusted FCI is significantly correlated with measures of monetary
policy, though we have not documented this here. See Brave and
Genay (2011), who relate monetary policy during the recent crisis
to the adjusted FCI, for more information.

2Most of our 100 financial indicators have become standard fare in
the financial press as a result of the recent financial crisis. Rather
than describe each in further detail, we refer interested readers to
the useful summaries found in Nelson and Perli (2007), Hakkio and
Keeton (2009), and Hatzius et al. (2010).

3The literature on financial crises is quite extensive. The following
works are a few of those that were instrumental in constructing our
timeline of events: Federal Deposit Insurance Corporation (1984,
1997), Reinhart and Rogoff (2008), Schreft (1990), Minsky (1986),
Spero (1999), Laeven and Valencia (2008), Carron (1982), and
El-Gamal and Jaffe (2008).

“Hakkio and Keeton (2009) also use the CFNAI to make similar
comparisons.

38

SWe use smoothed measures of the explanatory variables when
appropriate to approximate the quarterly frequency of the NIPA
variables being forecasted.

°For more details on the CFNALI, including its 85 indicators, see
www.chicagofed.org/digital assets/publications/cfnai/background/
cfnai_background.pdf.

"To be technically correct, we varied the endpoint of the initial
sample based on the forecast horizon so that the first forecast
always began at 1985:Q1.

SMaximums of / = 5 quarters and J, K = 6 months were used in
its calculation.

°In the case of nonfarm private inventories, there is one instance
in table 1 where the improvement is not apparent because of the
rounding in this table.

1Q/2011, Economic Perspectives
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