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Abstract

Purpose — The purpose of this paper is to analyze the content of the statements that are released by the
Federal Open Market Committee (FOMC) after its meetings, identify the main textual associative patterns in
the statements and examine their impact on the US treasury market.

Design/methodology/approach — Latent semantic analysis (LSA), a language processing technique
that allows recognition of the textual associative patterns in documents, is applied to all the statements
released by the FOMC between 2003 and 2014, so as to identify the main textual “themes” used by the
Committee in its communication to the public. The importance of the main identified “themes” is tracked over
time, before examining their (collective and individual) effect on treasury market yield volatility via
time-series regression analysis.

Findings — We find that FOMC statements incorporate multiple, multifaceted and recurring textual themes,
with six of them being able to characterize most of the communicated monetary policy in the authors’ sample
period. The themes are statistically significant in explaining the variation in three-month, two-year, five-year
and ten-year treasury yields, even after controlling for monetary policy uncertainty and the concurrent
economic outlook.

Research limitations/implications — The main research implication of the authors’ study is that the
LSA can successfully identify the most economically significant themes underlying the Fed’s communication,
as the latter is expressed in monetary policy statements. The authors feel that the findings of the study would
be strengthened if the analysis was repeated using intra-day (tick-by-tick or five-minute) data on treasury
yields.

JEL classification — E5, F3, G1
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Social implications — The authors’ findings are consistent with the notion that the move to “increased
transparency” by the Fed is important and meaningful for financial and capital markets, as suggested by the
significant effect that the most important identified textual themes have on treasury yield volatility.

Originality/value — This paper makes a timely contribution to a fairly recent stream of research that
combines specific textual and statistical techniques so as to conduct content analysis. To the best of their
knowledge, the authors’ study is the first that applies the LSA to the statements released by the FOMC.
Keywords Content analysis, Monetary policy, Latent semantic analysis, Fed wording,

FOMC statements, Treasury market

Paper type Research paper

1. Introduction

Content analysis, the method of studying the communication process and quantifying the
content of documents in terms of intensity and direction of meaning has been the focus of
several recent studies across different disciplines. From social sciences, media and politics
(Young and Soroka, 2012; Magerman et al, 2010) to economics, banking and finance
(Zavodny and Ginther, 2005; Lucca and Trebbi, 2009; Loughran and McDonald, 2011, among
others), researchers have used a large and heterogeneous set of manual or computer-based
techniques to identify messages or even measure sentiment, in an effort to link the content/
linguistic findings with subsequent actions or implications for the respective audience or
markets.

The fact that not all economies have achieved a steady path of recovery after the great
financial crisis has resulted in most major central banks adopting divergent policy stances
and, thus, conducting monetary policy has become more complex. In that respect, the means
of communication selected by central banks prove critical to provide transparency to the
market regarding policy decisions and to set the expectations for the future direction of
monetary policy[1]. With previous research establishing that monetary policy is critical for
the economy (Christiano ef al., 2004; Eggertsson and Woodford, 2003, among others), many
past studies focused on monetary policy and its implications on the markets (Cook and Hahn,
1987, Kohn and Sack, 2004, among others). More recently, a growing body of papers on
content analysis has focused on the communication tools of central banks around the globe
(Blinder et al., 2008; Hendry and Madeley, 2010), with an emphasis on the US central bank
(Gurkaynak et al, 2005, Boukus and Rosenberg, 2006, among others). Undeniably, the
implementation and the communication of the Fed policy are of great importance in the
context of global financial stability, and this is deemed even more important at present, at a
time when the global economy and financial markets have displayed increasing fragility.

As the US monetary policymaking body has changed its communication strategy
radically over the past two decades (Lucca and Moench, 2015), much research is focused on
inferring Fed policy from the communication methods used, as those choices themselves
have become increasingly important aspects of monetary policy; Mayer (1999), Orphanides
(2003), Chappell and McGregor (2004), Broaddus (2004) and Reinhart and Sack (2005) are
among the first who conduct narrative approaches on how to measure this issue. As the Fed
uses its great range of communication tools to inform the public on monetary policy, this
“commitment to transparency” (Mishkin, 2004) has spurred an increased focus on the exact
wording the Fed is using (Yellen, 2012). This has led Giirkaynak et al. (2005) to support that
central bank wording is the major driver of markets’ reaction, rather than the actual change
in monetary policy and Blinder et al (2008) argue that financial markets respond to
multi-faceted qualitative information introduced through the several types of
communication.




This paper examines the treasury market reaction to Fed monetary policy, as the latter is
revealed to market participants through the Federal Open Market Committee (FOMC)
statements that are released immediately after each policy meeting[2]. The FOMC
statements are very closely watched by market participants and are widely cited by market
analysts as the most important gauge of Fed policy (Lucca and Trebbi, 2009; Farka and
Fleissig, 2011) and as the largest market-moving event (Rosa, 2013).

To analyze the wording used in the FOMC statements, we use a statistical method known
as latent semantic analysis (LSA), a language processing technique for analyzing
relationships between a set of documents and the terms they contain[3]. Unlike many notable
past studies that use manual, subjective and judgmental text interpretation techniques (Cook
and Hahn, 1987; Blinder et al., 2008; Zavodny and Ginther, 2005; Farka and Fleissig, 2011),
the LSA allows objective statistical extraction of text themes that are not specified a priori by
the researcher and thus lack bias.

Using all the FOMC statements released from May 2003 to December 2014, we first testify
that the LSA identifies six recurring textual themes, which can explain more than half of the
variation of meanings communicated through the monetary policy announcements. We
attempt an interpretation of the identified FOMC themes and establish that the extracted
themes are indeed correlated with current and future economic conditions. We further
establish — via regression analysis — that the treasury market reaction to the statements’
release depends on these specific themes and that when combined with certain financial and
macroeconomic indicators, FOMC policy meanings have a significant impact on the yield
curve dynamics, predominantly on medium- to long-term maturities. Unlike Reinhart and
Sack (2005) who suggest that market reaction across FOMC communications is fairly
homogeneous, our findings suggest that the market reaction seems rather nuanced and is
highly dependent on the policy stance depicted by each wording theme.

Our work in this paper follows a fairly recent stream of research (notably the work of
Zavodny and Ginther, 2005; Boukus and Rosenberg, 2006 and Lucca and Trebbi, 2009) that
combines specific textual and statistical techniques so as to conduct content analysis and
measure the effects of certain policy communication on asset prices in financial markets. We
contribute to this literature in a number of ways. First, the study examines the same type of
policy information as in Giirkaynak et al (2005) and Farka and Fleissig (2011) through a
statistical, language-processing technique that allows identification of multiple, recurring
and economically significant textual themes which are free of reader’s judgment or bias by
its construction. Moreover, the LSA method has not been used in the context of central
banking communications before, with the notable exception of Boukus and Rosenberg (2006)
whose study is the one closest in spirit to our work. Thus, our study complements the
findings and extends the conclusions of Boukus and Rosenberg (2006) by examining via LSA
the textual themes incorporated in the FOMC statements, which constitute the Fed’s most
important communication tool. Last but not least, as our period of study extends to the
Financial Crisis and beyond, we are able to provide valuable insight on the main semantic
themes that the Fed insisted on during this extensively researched period.

Overall, our analysis and findings suggest that the FOMC statements are highly
comprehensive as a means of monetary policy communication and that they include
meaningful content for the treasury market. Our empirical findings suggest that Fed policy
communication, as designated through the FOMC statements, has been of much greater
significance for the market since the financial crisis, and that Fed wording is simultaneously
crucial and efficient in adjusting market expectations toward the policymakers’ decisions
and outlook for the future path of monetary policy, output growth and inflation. Ultimately,
our analysis suggests that the increased Fed transparency is meaningful and markets appear
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to respond to it, and as monetary policy communication methods further evolve and
transparency goes farther, the impact on the treasury and other financial markets may
become even greater in the future.

The rest of the study is organized as follows: Section 2 describes the LSA method that we
use in quantifying the textual themes of the FOMC statements. Section 3 describes the data
of the study. Section 4 presents the results of the LSA, identifies and describes the textual
themes that are extracted from the FOMC statements and investigates their association with
macroeconomic and financial market indicators. Section 5 investigates the treasury market
reaction to FOMC statements releases. Finally, Section 6 concludes the study.

2. Applying latent semantic analysis

2.1 Introduction to the latent semantic analysis approach

The LSA method is a language processing technique that allows the recognition of
relationships between a set of documents and the terms included in them[4]. More
specifically, the LSA allows extraction of conceptual meanings from a body of text (our
sample of FOMC statements), by detecting similarities and differences in word and phrase
usage, both within each document (statement) and across all documents in the sample period.
As an output, it produces what Boukus and Rosenberg (2006) refer to as “the major
associative patterns in the data” or simply the underlying textual “themes” of the set of
documents, by associating words and phrases by their frequency in appearing within and
across documents.

2.2 Formation of the corpus and text preprocessing
Before performing LSA, we need to group all d = 99 documents (FOMC statements) that
comprise our sample into one textual collection called the “corpus”. The d = 99 statements
are described in detail in our data selection in Section 3.

The first step in performing LSA is to preprocess the corpus; preprocessing can be
described as a routine that comprises of the following sequential steps:

» eliminate text formatting, including capitalization, pronunciation, symbols, digits or
other special characters that might appear in the text;

+ remove extremely common and “function-neutral words” that do not contribute to the
informational value of the document (stop words); these words typically include
pronouns, articles, prepositions, conjunctions, numbers, days, weeks, months and
names;

 apply lemmatization to all remaining terms; lemmatization is the procedure by which
all plurals are transformed into singular forms and past-tense verbs are replaced with
their present-tense versions; and

+ apply stemming to all the remaining terms. Stemming is the process of producing
common etymological roots and then map them.

An example of how all the above steps of preprocessing are applied to the FOMC statements
appears in Appendix B (available online, see Footnote 1).

It should be noted that all phrases and references to the decision-making process and
voters of the FOMC have been removed from the “corpus[5]”. Moreover, the textual analysis
in this paper is conducted using the QDA Miner® and WordStat® software of Provalis
Research[6]. For the identification of stop words in preprocessing, we choose to modify the
dictionary that is available (by default) in the software, by incorporating all necessary
changes in the context of our FOMC application. In doing this, we follow the influential work




of Loughran and McDonald (2011), who provide a sentiment word list specifically attributed
to accounting and finance topics[7].

Last but not least, it should be pointed that the stemming process is implemented by using
the Porter (1980) stemming algorithm, which has proved successful in many applications
under different contexts[8]. For future reference, we note here that the final corpus produced
by preprocessing all our d = 99 FOMC statements comprises of 419 unique terms across a//
documents, with each preprocessed document 7 = 1,2,...,99 having ¢, unique terms (with
1; = 419 by construction).

2.3 The latent semantic analysis algorithm

The application of the LSA technique in our context starts by using each preprocessed
documenti = 1,2,...,99 = d, to construct a [, X 1] term-frequency vector. Each element of the
term-frequency vector is equal to the frequency rate of a term in the document, and it is
calculated as the number of occurrences of that term (within the 7 doc) divided by the total
number of terms £; of the 7 statement. The intuition behind constructing the term-frequency
vector is that the more often a term appears within a particular document, the more it
contributes to the information content of that document and it characterizes its meaning
(Grimaldi, 2011).

The next step is to merge the d = 99 term-frequency vectors, keeping any common terms
only once, so as to form a ¢ X d matrix, with { = max{t},; = 1,..., d the number of unique
terms across all statements. Recall that in our application, this matrix has ¢ = 419 rows and
d = 99 columns. The matrix rows represent unique terms that appear at least once in the
entire processed corpus, while columns represent each document in the sample period. The
elements of the matrix are the frequency rates of the unique terms in all the statements.
The elements of each matrix row are then demeaned (by subtracting the corresponding row
mean) to form the so-called term-document matrix, which we denote by X. The
term-document matrix is rectangular (more terms/rows than documents/columns) and
generally sparse, as the unique terms do not appear in every document. Moreover, XX, the
covariance matrix of (demeaned) term frequencies is singular.

In the final step of the method, the underlying textual “themes” of the statements are
extracted using singular value decomposition (SVD) of the term-document matrix[9]. These
themes are derived from the covariances between term frequencies across documents. SVD
decomposes the term-document matrix X into:

Xixa = UsaSixa Vixa 1)

Given that X is mean-centered, the columns of Uare equal to the eigenvectors of XX and
the columns of Vare the principal component values of X. The Smatrix is diagonal, with its
diagonal elements equal to the square roots of the eigenvalues of X7 X, in decreasing order.

The importance of the decomposition for the extraction of the textual themes and
identification of their importance can be better appreciated with the help of Figure 1. The
columns of U(eigenvectors of XX7) characterize the importance of each term in each theme,
while the columns of V (rows of V7) characterize the presence (contribution) of each textual
theme in each document. The diagonal elements of Srepresent the importance of each theme
across the entire corpus in decreasing order, with the first (last) textual theme being the most
(least) dominant concept in the variation of the FOMC statements. If documents in X are in
chronological order, as it is commonly the case, we can extract the time series of term scores
via the product US.
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Figure 1.
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Notes: The figure illustrates the decomposition of the term-document matrix (X) into matrices
U, S and V™. The U matrix defines the contribution of each unique term to themes, the V
matrix defines the contribution of each theme to documents and the S matrix is a diagonal
matrix of singular values through which we can extrapolate the importance (the explanatory
power) of each theme to the text corpus. The columns of U matrix marked in green
characterize the importance of each term in the first three themes (Eigenvectors 1, 2 and 3).
Similarly, the first three rows of VT colored in red define the importance of Themes 1, 2 and 3
for each document, respectively. The graphical depiction of SVD of a matrix X is based on the
relevant representations of Berry ef al. (1995), Wall ez al. (2003) and Boukus and Rosenberg
(2006)

3. Data

3.1 The Federal Open Market Committee statements

In terms of history, since 1981, the FOMC convenes for eight regularly scheduled meetings
per year, apart from any additional special meetings or telephone conferences that may be
held upon extraordinary cases. Up until 1994, the Committee did not announce anything to
the general public, with the first FOMC statement issued after a regular meeting of
February 4,1994. In the following years, up until mid-1999, the FOMC only issued statements
when changes to the funds rate were decided, but in May 1999, the Committee initiated the
statement release after each and every meeting.

Recent FOMC statements have reached a total of 900 words approximately (Figure Al in
the Appendix), which shows that central bank communication is of pivotal interest for
policymakers, especially after the Financial Crisis of 2007 and its aftermath. There are many
notable steps that the Fed has taken toward the evolution of their communication tools and
strategy since 1994, with that point in time considered by many as the beginning of the




“forward guidance” scheme[10]. This evolution of communication has been greatly
perceived through the increased transparency and forward policy guidance, with the latter
being one of the most important examples of unconventional monetary policy.

Our analysis in this paper is based on all FOMC statements released over the period from
May 2003 to December 2014, with our total sample comprising 99 statements. We have
decided to restrict our sample period from mid-2003 and onward, given the recent
suggestions (Rosa, 2011, 2013) that since mid-2003, the statements have indeed become more
informative and their final form had been settled.

Panel A of Figure 2 summarizes the most common stop words that are identified and
excluded from our statements’ corpus during preprocessing, such as the, have, to, and, in,
committee and be. Panel B of Figure 2 lists some of the common stems and their associated
terms from the FOMC statements; for instance, the terms expect, expectance, expectancy,
expectation, expectations, expected, expecting and expects map to expect. Additionally, in
Panel C of the table, we report the total and unique terms count at different stages of
preprocessing. Before any filtering, each statement seems to have around 404 words on
average, of which the unique terms stand to about 333. When filtering out the unnecessary
parts of the statements (stop words among others) and after completing all the preprocessing
steps, the unique terms are reduced to around 137 per statement, while across the full sample,
unique terms come to a total of 419 words.

3.2 Financial and macroeconomic data

In terms of our empirical analysis, we collect data for several indicators that are considered as top
gauges of financial and macroeconomic conditions and which are expected to be usual points of
reference for the policymakers during FOMC discussions on monetary policy. Moreover, we
collect a wide range of treasury market data so as to use them in terms of measuring and
analyzing the financial market reaction to FOMC statement releases over our sample period.

More specifically, we collect data for twelve market indicators and eight macroeconomic
indicators, with all the financial market variables measured on the day of the FOMC statement
release and the macroeconomic variables measured using the final revised data that would have
been available at the meeting. Among the financial indicators collected, we use the daily Fed
Funds Futures settlement prices (from Bloomberg) for the two-month-ahead contract traded at
the Chicago Board of Trade, to calculate the expected Fed Funds Rate (Krueger and Kuttner, 1996;
Giirkaynak, 2005). We also collect data for the S&P 500 index, the foreign exchange value of the
dollar, the price of crude oil (all of which are used as control variables in our empirical
investigation), and we estimate the so-called “credit spread” and “term spread” indicators[11]12].
Furthermore, we use the three-month Eurodollar implied volatility and the volatility index (VIX)
from the Chicago Board Options Exchange as measures of monetary policy uncertainty and
financial markets’ stress, respectively[13].

As far as the macroeconomic indicators are concerned, we collect data for the GDP, GDP
deflator, core personal consumption expenditure (PCE), core consumer price index (CPI),
industrial production, unemployment rate, ISM manufacturing and non-manufacturing
indices, as well as the University of Michigan consumer confidence index, which have been
often highlighted from the policy-makers for their importance.

At the same time, we collect daily data for all the available series of “on-the-run” treasury
yields from the Federal Reserve H.15 release and Bloomberg, to examine the treasury market
reaction to FOMC statement releases over our sample period. As in Fleming and Piazzesi
(2005) and Boukus and Rosenberg (2006), we use the absolute value of yield changes,
constructed by using the high and low of the average bid and ask yields for each day, to
identify the information shocks in the treasury market.
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RAF Panel A. Most frequent stop words Panel B. Stemmer mapping Panel C. Word counts during preprocessing

1 6 2 Stop Word Frequency  Original Word Stem Words
b the 11.83% accommodation accomod No.ofterms  Mean Std. Dev.
have 7.41% accommodative total text sample 39964 404 204
© 7.11% addition additon stop word fitering 235 216 106
and 6.06% additonal after stemming 1738 175 86
committee 426% announce announe

in 4.19% ._amnouncement Unique terms

be 3.44% begin begin No.ofterms  Mean  Std. Dev.
1 86 its 2.60% __begiming total text sample 32963 333 197

a 2.52% busines busi stop word filtering 17,089 173 102
that 232% business after stemming 13520 137 82

will 2.26% businesses

for 1.73% continuation continu
fed 1.64% continue
at 1.51% continuous
with 1.29% decline declin
as 1.19% declined
percent 1.05% declines
on 097% __declining | ______________.
term 0.88% develop develop
over 0.84% development

‘The frequency reported is extracted by expectancy
dividing the number of uses of the stop expectation
words by the total number of stop expectations
words in the corpus. expected
expecters
expecting
expects.

foresee forese
foreseeing
foresees
o foreseeatle | _____
increases
increaseth
increasing

‘market market
marketable

markets

proceed proce
proceeds

proceeded proceed
proceeders
proceeding
proceedings

secure seeur

security
support support

supportable
supportance

supported

supporter

supporters

supporting

Notes: The Table reports summary statistics of FOMC statements for the
sample period from May 2003 to December 2014. Panel A lists the
twenty five most frequent stop words. Panel B exhibits some common
words used in the statements with their stemmed form-root. Panel C
reports the word count under various stages of document preprocessing,
both for unedited and edited statements

Figure 2.
FOMC statements
data
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Table I reports summary statistics for the treasury market data. An initial observation from
Panel A is that although all treasury instruments exhibit a fair amount of average yield
volatility on the FOMC statement release dates (ranging from 3.8387 basis points for the
12-month instrument, to 12.6582 basis points in the 5-year one), it seems that the
longer-maturity yields exhibit a more pronounced volatility reaction, suggesting that it is
the long-end of the yield curve that responds more to the information in the FOMC
statements during our sample period[14]. Moreover, we observe that yield volatility is
significantly greater on FOMC statement release dates than on any other day on average.
Furthermore, days when the FOMC statements are released exhibit greater yield volatility
when compared to the days the FOMC minutes are released, at least for the medium- to
long-term end of the yield curve (maturities of one year and greater). This evidence, in line
with Rosa (2011, 2013), provides preliminary confirmation that the FOMC statements
contain information not yet incorporated in the markets.

4. Textual themes from the Federal Open Market Committee statements

4.1 Content analysis of the term-document matrix

In Table II, we present the 30 terms with the highest relative frequency for the entire sample
period, as well as for three subintervals created as per Fed presidency term[15].

Over the entire sample period, we observe in Panel A of Table II that many significant
terms such as inflat, economy, price, growth and labor that are closely related to the Fed’s
objectives are indeed included in the list with the most frequent terms across the board. It is
also worth noting that there are some words with unusually high frequency in the total
sample, such as secure, purchase, pace and accommodate, which are particularly common in
the majority of the statements following the financial crisis and which clearly pinpoint the
unprecedented unconventional policy measures adopted by the Fed.

Taking into account the evolution of the FOMC statements’ structure over our sample
period, we may uphold that the largest portion of the statement is focused on presenting the
current economic conditions and how future expectations about the economy fit into the
Fed’s monetary policy plan. Among the key topics of interest are levels of inflation, labor
market conditions, monetary policy accommodation (either in the form of low rates and/or
large-scale asset purchases), housing market, consumer spending, output growth, industrial
production and developments in financial markets.

4.2 Extracting and interpreting themes

Results from applying SVD to our term-document matrix are reported in Table III. Panel A
of Table III summarizes the contribution of each characteristic theme to the “variability” of
the text in our sample period. Based on the estimated matrix of eigenvalues (.S), we determine
the fraction of variance explained by each theme by dividing each eigenvalue by the sum of
all eigenvalues (all diagonal elements in S).

The four textual themes with the highest importance (eigenvalue) in our sample period
can account for half of the total variance (50 per cent) in the statements, with two additional
themes (Themes 5 and 6) adding another 10.37 per cent to the explanatory power. The first
20 themes explain around 87 per cent of the total variance and when accounting for the first
50 themes this amount reaches almost 98 per cent.

In the remainder of the study, we focus on the first six textual themes that collectively
account for over 60 per cent of the total text variance. This decision follows naturally from
the “rule of thumb” that has been used in the factor and principal component analysis
literature[16]. Panel B of Table IV reports summary statistics for the six most important
textual themes in our sample period. All themes, except the sixth one, appear highly
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t-test (1) I-test (2)
16,2 On statement
release On statement
dates—on release
minutes dates—on all
Absolute value of No. of release dates  other dates
188 yield change observations  Mean <0 <0 SD  Skewness Kurtosis
Panel A. FOMC Statement release dates
1-month yield 99 76751 * 0.1788  7.2248 61.5091
3-month yield 99 5.8243 e 0.0994  4.1090 22.4355
6-month yield 99 4.8566 el 0.0653  2.8837 9.9487
12-month yield 54 3.8387 * * 0.0611  3.3918 12.6384
2-year yield 99 9.5775 kR Hokok 0.0783  1.8119 3.9427
3-year yield 88 9.8664 ik ik 0.0634  1.6387 3.1970
5-year yield 99 12.6582 Akt Hkok 0.0895 21118 5.4662
7-year yield 47 12.6198 ket ik 0.0958  3.1152 12.2042
10-year yield 99 11.6349 kot kot 0.0820  2.7850 10.3592
20-year yield 49 11.1632 ok Hkx 00772 28132 9.4629
30-year yield 99 10.1402 okt ik 0.0646  2.5644 9.8839

Panel B. FOMC Minutes release dates

No. of
Absolute value of yield change observations Mean SD Skewness Kurtosis
1-month yield 9 5.3118 0.0751 3.4590 13.1609
3-month yield 94 4.3869 0.0766 6.0440 43.9786
6-month yield et 3.8016 0.0581 4.5000 23.4902
12-month yield 52 2.6331 0.0297 3.0100 12.0337
2-year yield 94 7.1724 0.0485 1.3117 2.5288
3-year yield 87 7.7798 0.0417 1.0949 1.5440
5-year yield 94 9.5559 0.0482 1.6155 2.8820
7-year yield 46 9.0804 0.0317 1.3334 21842
10-year yield 94 9.0444 0.0427 1.6130 3.2719
20-year yield 49 7.7580 0.0344 1.2265 1.2713
30-year yield 94 8.1665 0.0389 1.0109 0.6416
Panel C. All other dates
1-month yield 2,717 5.2061 0.0907 7.4593 91.5001
3-month yield 2,717 3.9699 0.0700 7.6667 89.9724
6-month yield 2,717 3.3510 0.0480 6.2621 65.9813
12-month yield 1,527 2.6819 0.0404 6.0329 57.3420
2-year yield 2,717 6.3585 0.0539 2.4954 11.3783
3-year yield 2,496 6.6422 0.0422 1.6862 46535
5-year yield 2,717 8.6317 0.0507 1.8761 5.7234
Table L. 7-year yield 1,362 8.4326 0.0418 1.7075 5.7793

Treasury yield data (continued)




No. of
Absolute value of yield change observations Mean SD Skewness Kurtosis
10-year yield 2,717 8.4969 0.0442 1.7373 4.7908
20-year yield 1,437 7.6492 0.0382 1.9685 5.9821
30-year yield 2,717 79727 0.0408 1.9983 8.0964

Notes: The table reports summary statistics for the absolute value of treasury yield changes. Units are
presented in decimal points. Yields are based on the closing bid yields as reported by Bloomberg database for
all the available on-the-run treasury maturities, excluding all weekend days, public holidays and periods
during which certain treasury instruments were not tradable at the market. The average absolute value of
yield change reported in all panels is in basis points. Under #-test (1), we report one-sided ¢-tests under the null
hypothesis that the mean absolute treasury yield change on the days the FOMC minutes are released exceeds
the mean absolute treasury yield change on the days the FOMC statements are released. Under #-test (2), we
report one-sided #-tests under the null hypothesis that the mean absolute treasury yield change on days with
no FOMC releases exceeds the mean absolute treasury yield change on the days the FOMC statements are
released. For both #-tests, asterisks **#% = #¥% = #% and *indicate rejection of the null hypothesis at the 1, 2,
5and 10% significance level, respectively
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persistent over the whole sample period, with statistically significant (at the 1 per cent level)
first-order autocorrelations. The sixth theme is not persistent as it seems to be significant
only during the financial crisis of 2007.

The correlations between first-order autoregressive theme residuals and intermeeting
changes in macroeconomic and financial indicators over the entire sample period are
reported in Table IV. This is useful for detecting whether the FOMC statements are shaped
based on information of current economic conditions and also explore whether FOMC
statements express the policy makers’ concerns over the future economic prospects. Panel A
of Table IV summarizes the contemporaneous time-series correlation of the identified textual
themes with macroeconomic and financial indicators. In Panel B of Table IV, the themes
predictive power is assessed (by means of the correlation between the Themes’ residuals and
future values of financial and macroeconomic variables). Themes appear to exhibit a fair
degree of correlation with leading indicator variables, mostly with financial market
indicators and at a significantly lesser degree with economic variables. The most compelling
findings are seen in Panel B with Theme 1 exhibiting the strongest signs of predictability
toward leading financial and economic indicator variables. This seems to suggest that the
continuous enhancement and effects of transparency and “forward guidance” language in
the statements set clearly the stage for the policymakers’ effort to better guide the public’s
understanding of the central bank’s reaction function to future economic conditions and so as
to reduce the resulting uncertainty about future path of policy.

Interpreting the extracted textual themes is an extremely challenging task that could be
easily influenced by the researcher’s subjectivity. However, we attempt to attach a meaning
to each identified theme, based purely on their semantic orientation extracted through their
constituent words and sentences, their prevalence over our sample period and the leading
and contemporaneous correlations discussed above.

To accomplish this, we start by observing the importance of the most characteristic terms
or phrases that are identified in each textual theme and the evolution and intensity, over time,
of the six major identified themes in our sample period.

For the importance of the most characteristic terms or phrases that are identified in each
textual theme, the loadings of the U matrix from our SVD allow one to measure the
contribution and importance of each word or term to a particular theme. Figure 3 plots the
loadings for the ten most important terms in our identified Themes 1-6. Panel A displays




F 5/2003-12/2014: All FED 5/2003-1/2006 Chair: 3/2006-1/2014 Chair: 3/2014-12/2014 Chair:

16’2 Chairs A. Greenspan B. Bernanke J. Yellen
Frequency Frequency Frequency Frequency

Term (%) Term (%) Term (%) Term (%)
Panel A. No global weighting

190 INFLAT 399  INFLAT 428  INFLAT 379  INFLAT 473
ECONOM 314  PRICE 334  ECONOM 345  LONG 3.36
RATE 249  POLICI 309 RATE 262  MARKET 313
MARKET 223 GROWTH 302  CONTINU 236 LABOR 298
CONTINU 210  ECONOM 271  MARKET 222 CONDITION 213
PRICE 188  ACCOMMOD 252 SECUR 199  EXPECT 213
REMAIN 187 RATE 246  REMAIN 185  ECONOM 2.04
SECUR 176 ~ REMAIN 208  PRICE 1.81  EMPLOY 2.04
POLICI 174  UNDERLI 202  EXPECT 156  SECUR 2.04
LONG 172 ACTION 195  GROWTH 154  RATE 1.94
EXPECT 169  EXPECT 189  LONG 152  POLICI 1.89
GROWTH 154  STABIL 183  POLICI 149  PURCHAS 1.85
CONDITION 141  RISK 176 FINANCI 1.37  REMAIN 1.80
PACE 134 MONETARI 176 ~ CONDITION 137  CURRENT 1.75
STABIL 132 LOW 170  STABIL 132 CONSIST 1.61
PURCHAS 124  INCREAS 158  PURCHAS 130 MAXIMUM 161
LABOR 122 ACTIV 151  PACE 126  PACE 1.61
FUND 121  EQUAL 151  LEVEL 121  CONTINU 1.56
FINANCI 115  ATTAIN 145  FUND 119  IMPROV 1.52
CONSIST 1.09  FUND 145  CONSIST 116  RANG 147
LEVEL 107  TARGET 145  MORTGAG 111 ASSET 1.37
MORTGAG 1.02  ROUGHLI 145  ANTICIP 1.03  MORTGAG 1.37
ACCOMMOD 1.00  PRODUCT 145 LOW 101  MAINTAIN 1.33
IMPROV 098  PACE 145  OUTLOOK 100  TARGET 1.28
LOW 097  DOWNSID 132 MANDAT 098  ACCOMMOD 1.23
SUPPORT 094  ONGO 132 INFORM 096  APPROPRI 1.23
EMPLOY 092  PERCEIV 132  MODER 094  ASSESS 1.23
MANDAT 090  UPSID 132 RECOVERI 091  INFORM 1.23
OUTLOOK 089  SUPPORT 132 LABOR 088  MANDAT 123
INFORM 089  ROBUST 126 HOUS 086  INDIC 118
Panel B. TFIDF weights
SECUR 054  ACTION 036  PURCHAS 043  OCCUR 0.10
PURCHAS 050 PACE 031  SECUR 043  LOW 0.09
CONSIST 046  ENERGI 031  CONSIST 040  SUGGEST 0.08
MANDAT 041  ELEV 026  ACCOMMOD 039  CHANG 0.08
MORTGAG 039 EVID 0.25 ~ MANDAT 038  ENERGI 0.08
LONG 039  ADD 025  LONG 036  GUIDANC 0.08
APPROPRI 033  STABIL 0.24  APPROPRI 034  DECLIN 0.07
ACCOMMOD 032  BALANC 023  MORTGAG 034  ADD 0.07
EMPLOY 031  CONSUM 023  FACIL 0.24  RESTRAIN 0.07
MAXIMUM 030  FALL 0.23  EMPLOY 023  GROWTH 0.06
ASSET 030  IMPORT 023  ASSET 023  ELEV 0.05
ANTICIP 0.27  PRESS 0.23  UNEMPLOY 023  EVID 0.05
RECOVERI 024  UNWELCOM 023 MAXIMUM 023  LIKELIHOOD  0.05

Table IL. LABOR 023  RISE 0.23  DUAL 0.22  PERFORM 0.05

used (continued)
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5/2003-12/2014: All FED 5/2003-1/2006 Chair: 3/2006-1/2014 Chair: 3/2014-12/2014 Chair:

Chairs A. Greenspan B. Bernanke J. Yellen
Frequency Frequency Frequency Frequency

Term (%) Term (%) Term (%) Term (%)
CURRENT 022  SOLID 023  RECOVERI 021  RECENT 0.05
UNEMPLOY 0.22  SPEND 023  CREDIT 021  RECOGN 0.05
TREASURI 022  HURRICAN 022  LABOR 020  SHOW 0.05
ASSESS 0.22  CONDITION 022  TREASURI 020  ADVERS 0.05
PROGRESS 022  MUT 022  IMPROV 0.19  COMPENS 0.05
CREDIT 022  APPROPRI 022  GOAL 0.19  CONVERS 0.05
FINANCI 021  GRADUAL 022  MAINTAIN 018  GAIN 0.05
FACIL 020 JUDG 022  ACTIV 0.18 JOB 0.05
GOAL 020  IMPROV 022  CONTINU 018 MIX 0.05
RANG 020  NEED 022  MATUR 0.17  REBOUND 0.05
IMPROV 020  CORE 021  BALANC 017  REFLECT 0.05
CONDITION 020  FULFIL 021  DECLIN 017 SOLID 0.05
BALANC 019 LONG 021  PACE 0.17  SOONER 0.05
INDIC 019 EXCE 021  SUPPORT 017  STATE 0.05
LEVEL 019  EXPAND 021  COMMOD 0.16  SURVEI 0.05

Notes: This table shows the 30 most frequent unique terms that appear in the FOMC statements. In panel A,
the term frequencies are the number of occurrences of each term divided by the total number of stemmed terms
per document. In panel B, the aforementioned term frequencies are multiplied by the inverse document
frequency (as per the TFIDF methodology)
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the key words with the greatest meaningful contribution to the respective themes, and Panel
B displays the words incorporating either the most positive or the most negative tone in each
theme.

For the evolution and intensity, over time, of the six major identified themes, the first six
rows of matrix V7 in our decomposition signify the prevalence, over time, of the six most
significant textual themes. These are plotted in Figure 4. Combining the results and findings
from the two aforementioned figures, i.e. the one depicting the key terms per theme with the
other that exhibits the intensity of the Themes over time, can assist us in providing a detailed
discussion of the six most important Themes derived from the FOMC Statements during our
sample period.

Key terms for Theme 1 include growth, inflat, vrisk, modern, action, energy, need, price, core
and press which highlight the Fed policy balancing between sustainable growth and price
stability. Indeed, from Figure 4, we may observe that this theme remains strong for
the period until the end of 2007, a period during which policymakers were concentrated in the
confrontation of the persistently low inflation. Theme 1 fluctuates as the Fed adopts, initially,
an aggressive path of successive rate hikes, but around 2007 policymakers begin to lower
rates as the first signs of the economic slowdown emerge. Based on clustering results,
economy growth, price stabile and inflat pres play a major role in the determination of
Theme 1. Overall, Theme 1 appears most closely tied to current and future economic
conditions, remaining firm at times of low volatility in financial markets and as such,
anticipating an environment of improving economic conditions.

Theme 2 is mostly associated with terms like accommodate, price, policy, equal, underlie
and phrases such as monetary policy, policy accommodate, economy and active, which
suggest that FOMC focus on the Fed Funds Rate as the main tool of conducting monetary
policy. Based on Figure 4, we see that Theme 2 exhibits strength (mid-2003 to 2005) based on
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Table III.
Estimation of FOMC
statements themes

Variance explained Cumulative variance

Themes Singular value Eigenvalue (%) explained (%)
Panel A. Variance explained by themes

1 0.4310 0.1857 19.57 19.57

2 0.3517 0.1237 13.03 32.60

3 0.3179 0.1011 10.64 43.24

4 0.2534 0.0642 6.76 50.00

5 0.2289 0.0524 5.52 55.52

6 0.2146 0.0460 4.85 60.37

7 0.1873 0.0351 3.70 64.07

8 0.1765 0.0311 3.28 67.35

9 0.1637 0.0268 2.82 70.17
10 0.1470 0.0216 2.28 72.45
20 0.0952 0.0091 0.95 87.04
50 0.0364 0.0013 0.14 97.98
99 0.0000 0.0000 0.00 100.00

No. of

Theme observations Mean SD Skewness Kurtosis Autocorr.
Panel B. Summary statistics for theme levels
1 99 0.00 0.10 0.22 -1.72 (.91 sk
2 99 0.00 0.10 —0.08 0.30 0.9k
3 99 0.00 0.10 -1.21 1.31 (.87 ke
4 99 0.00 0.10 —0.63 0.85 (.85Hk
5 99 0.00 0.10 —0.09 —0.42 (0.88Hwk
6 99 0.00 0.10 2.58 16.79 0.19*

Notes: Panel A summarizes the amount each theme contributes to the overall understanding of the text
corpus based on the matrix of singular values (S). Panel B displays summary statistics for each of the first six
themes as expressed by the V matrix, asterisks ****and *indicate statistical significance at the 1 and 10%
level, respectively

the then prevailing economic sentiment which indicates a growing economy and thus
revealing policymakers’ view that using Fed Funds Rate to tighten policy was considered
appropriate at that time. Theme 2 is negatively correlated with three-month treasury yields
as its presence weakens during periods of economic expansion where short-term rates
increase, while is also positively correlated with a widening term spread, thus envisaging
contractionary policy coupled with tightening financial conditions.

Some of the key words for Theme 3 include employm, inflat, polici, long, accommod,
consist, pace, mandat, iquid, fund, financi and market that point toward a policy inclination
to focus particularly on the employment conditions which are considered crucial in terms of
the monetary policy decision-making process. By further filtering the statements based on
the clustering process, we locate phrases such as labor market, maximum employment, asset
purchases and promote maximum employment and price stability, which also add to the
thematic content stated above. In terms of time evolution, Theme 3 waves mostly to the
upside until mid-2007, it then follows a negative trajectory from early 2008 until the end of
2009, rises again around the end of 2010 and remains consistently positive till our days.
Based on the theme’s correlation with financial and macro-variables, we are inclined to
support that this theme portrays a stable economic environment (falling volatility in the
markets) pointing to continuous recovery.

ol Laca Zyl_ﬁl



S

S 2 R ELERE
== o o 5EE=
o8 — 5E 588
& g SE 038

s Hzgg

< ISR

- B =g

0 S EE

EEE

FOu 3+

(panurjuo2)
G2600°0 «[VEIT0— %LS90T0— 91¥20'0— 6L1200 #VVeeT0— X9PUI 20UBPYUOD JOUWNSU0D UESTYDIA JO "ATU[)
€25000 9720 0— S61700— G8910°0 YETL00 6L7100— Xapur 3)150d 0D JA[J SULIMIORNUERW-UOU NS
LTT000 S¥¢c00 6€9¢00— €00000— 256000 366200 xaput 231s0dwod JAL] SuLmjoenue NS
661000— L7000 691000— €L5000— 1€2000— 281000— oyer juswfofduoup)
4¢1000 8LE000— ¥6600°0— 9ST10°0 810€00 6S1100— uononpo1d [ernsnpuy
Syr1000 022000 909000 157000 LET000— TT100°0 AOA 1dD 9100
G0000°0 261000 GT0000 900000 961000 €2000°0 INOIN IdD 2100
SY100°0 ¢10000— GG200°0 60000100— S0T000— 7€0000— AOA HDd 9100
820000 760000— 810000 912000— 182000 710000 INOIN HDd 2160
£€96000— 065200 129000— iz 666100— €66000— J0jegep 49
667500 GOIIT0— ¥8830°0— 8LEV00— 007700 G390T°0— |moIs Jao
SI0JBIIPUT JTWOUOIN0IIBIA]

T10200— GL020°0 £8830°0 702000— 09560°0— 891ET0 [0 epn.o S
161000 £€8200— 186T00— 9VIT00— 02€€00 0S520'0— Xoput Ie[[op XHINAN
1€S10°0 ¢19v0°0 ¥6600°0— 329G T TT0 6V¢v00— 69¢20°0 005 d¥S
6ST000— 1E700°0 872000 80S00'0— 98€000 202000 peaads y1pa1)
L¥000°0 #xG8V10'0— #3088 10°0— 108000— 38 1VE00 #48LL10°0— peaxds ww g,
172000— €€000°0 £5200°0 676000 007100 9E100°0 Sp[et4 puoq 9ye10d10d ey pauosess s Apoojy
00000 12500°0— 85700°0— 987000 SOTT00 86¢000— PRIA £msean 1ea-OT
990000 T0¥00'0— 8L1000— 665000 TL200°0 G10000— poIf £msear) 1eak-g
128000 610000— 992000 £6900°0 230000 662000 PIA AMSean) Teak-g
620000— *E1010°0 3669100 s V66 10°0 33686000 — #3965 10°0 peIA Lmsean yuow-g
SIST100— 61691°0— T1S0000— 967LT°0— 188120 GILTIO0 XIA 09O
G8¢00°0 290€0'0— 659000 %96570°0— 5819200 0S900'0— Aymyeroa pardwr we Tejopomsy
#2xG7500°0 SLV00'0— 00100°0— 875000 650000— 157000 Jel Spuny [e19pay pajdadxy

SIOJEOIPUI JO3[IBW [BIOUBUL]
SJOIPISaL uaY] T YN SUOD]J2LL00 SNODUDLOGULIU)) "} [oUDT

gowayY], Goway,  owoy ], ¢ away ], Z Wy, 1wy, J103eO1pU]




S

A[PA1OAASAI ‘[9AD] 94, ()T PUB G ‘G ‘T 9Y} 1B 90UBIYIUSIS [BINJSTIRIS 9JBIIPUL ;. PUB 4 s e SYSLIDISE ‘SUOLIRIIAWI 90UBPINSG PIBMIO] SIUSUWIDIRIS )
JO JUSJU0D JAT)IIPAIA Y JO SINSBIUI B SE ‘S[([BLIBA I0JEIIPUI 3} JO PBI] 3} YA SSUWLY) JO SUONB[ALIOD 3Y) S}10daI g [SUB ] "S)uswale)s DN 9Y3 YSnoIy) passaidxa
SOWRY} PUB SUOHIPUOD IIWOUOII JUILIND US9MIIC UOTJB[AI 9} 19919P 0} SUOLIR[RLI0D Shodueiodw=aiuod spodal y [pued "poliad sjdures ay) J9A0 SI0JRIIPUL JosIeul
[EDUBUL PUB JIWOUOIA0IBW Ul SSURYD SUTJOSULIOIUT PUB S[ENPISAT SWLY) JAISSAISIIOMNE JOPIO-)SI UsMI8( S)USIOYJI0D UOTJB[ALIOD S1I0daI J[(e) 9], :S9I0N

SI¥S0°0 9LeTT0— S90T0°0 LEGTO0 8TL0T'0 ##87E82 0 X9PUL 90USPYUOD JBWNSUOO UBSIYILA] JO AlU{)
90€70°0 €0770'0— 898600 909600 161700~ #16VE8T0 Xoput asodwod T SULMIOBMUBW-UOU ]AST
89850°0 80950°0— 0SYIT0 €092T0 Y6270 0— €VS8T'0 xoput a)1soduod T SuLmideynue NS
¥LE00°0 0TT70'0 GS600°0 €99€0°0 €9810°0 #8L0L00— a1 Jusworduusupy
6¥210°0 906000 GST00°0 $0800°0 +87800— €8700°0 uononpoxd feLrsnpuy
TEE000 0S¥100— 65900'0— G9L00°0— 950200— 786000 AOA IdD°10)
SIT100°0 161000~ ¥L100°0 420000 982000— 650000 INOIN 1D 10D
689000 LL800°0— 98€00°0 67€000— +820200— *G1610°0 AOA HDd °10)
€8000°0 950000 ¥2100°0 601000 00€000— 650000 INOIN dDd @109
2g0000— 05020°0— €800 S9TT00— 92920°0 8T0T0'0 J1oyegop a9
##L0790'0— 652600 826£0°0 0L¥10°0 606200 ayv90'0 MmoIs Jqo
SI0JEDIPUI JTWOUOIA0IIBIA]

6529T°0— 998210~ 6570 FOETO0— 807650~ L1€93°0— [109pnd §[)
016£0°0 L6920°0 68600°0— G80£0°0 986100 827800 Xoput Ie[[op XHINAN
T290T0— ##6909€°0— S1620°0— 69€20°0 9€861°0— €6,L0°0 00S d®S
GLETO0— 028100 0€€000— L8600°0— 178200 sV G700 — peaids JIpaxy
+0L8200— 02620°0 §0250°0 695100 €02S0'0 GL6T00— pedids wo g,
S1200°0 02920°0 902000 #x989€0°0— 80€00°0 aLe000— SPIPI4 puog 91e10d100 Beg PaUOSEas S AP0
69S10°0 001100 GS700°0 60,20°0— 075200— #£6€190°0 ppeIf Amsean 1eak-0r
682300 8E€00°0 LL200°0 929€0'0— 0L5700— #£92890°0 P& Amsean 1894-G
+0€1E0°0 TT10T00— €L1000 12ev00— ¥00L0°0— 086200 PRIA AInsedn 1eak-g
#%808€0°0 988T00— 436100~ 02e70'0— 082200— €0690°0 PP Amses yuout-g
20190'0— 8G1L5°0 YSvr00 096860 — €91ET0 #45x866690— XIA JO9D
061100 *18L8T°0 ELVV0'0 Y2100~ GECT0'0 #1987 10— Anejoa parduwt we Te[opoIng
#L6EE0°0 S6€T00— L9v00'0— 99670°0— %61680°0— %96080°0 9)el Spunj [e19paj Pa3oadxy

SI0JEJIPUI J9YJEUI [BIOUBUL]
SJONPISoL OWAY] TRV YN SUOYDI2AL0D PV " [oUD]

PEIELRS G oy, ¥ oway, ¢ oway], Zouway], 1 oWy, J0JBIIpU]

RAF
16,2
194
Table IV.




FOMC

statements

195

Figure 3.
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Figure 4.

Time-series of theme
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Theme 4 is mainly described from terms such as price, econom, energi, stabil, commod, action
and phrases like energi and commod, foster maximum use and price stabil and inflat pres. All
the above seem to highlight the policymakers’ concerns about the continuously rising
commodity and energy prices and their potential impact on economic growth. Theme 4 rises
aggressively to “top up” at mid-2006 and then falls aggressively as well to “bottom out” at
mid-2007; after that period, it seems to fluctuate around the zero level of interest, almost
equally distributed between positive and negative values. According to the findings
presented in Table IV, this theme generally seems to indicate tighter credit conditions, but it
simultaneously points to rising inflation risks (both current and future).

Predominant terms for Theme 5 include words such as low, level, continu, subdue, recoveri
and phrases such as dual mandate, maximum employment and price stability. Theme 5 is
sustained at considerable positive levels in early 2003 before starting to retreat into slightly
negative territory throughout the period of policy tightening from the Fed (2004-2006). It then
rises gradually again, starting to show significant persistence particularly since the
mitiation of the Fed’s quantitative easing programs and until late 2012. This scheme
envisages Fed’s commitment to maintain its accommodative policy bias to promote
economic growth.

Finally, Theme 6 is mostly characterized from terms such as fund, provid, rate, money,
depositor, risk, monitor, financt, develop which point toward excess policy concerns about
particular situations and market events that give worrisome signals about the upcoming
tight financial conditions and decelerating growth. This theme displays a wide wave pattern
over time, overshooting or plummeting at very specific points in time; Theme 6 levels out
around December 2005 (when hurricane Katrina inflected serious damage to the US
economy), skyrockets on August 2007 (evidence of a collapsing mortgage market and
bankruptcies of construction companies and financial firms involved in the MBS market)
and launches again “to the sky” on March 2008 (when some of the major Central Banks
globally started intervening in the markets to prevent the collapse of the financial system).
The theme’s positive lead correlations with a declining term spread and collapsing economic
conditions is excessively evident at times when extraordinary events or serious market
developments — as the ones previously mentioned — pose significant risks to the economy.

It is worth stressing that one of the themes we identify in this study of the FOMC
statements, Theme 6, is only pronounced at times of extraordinary events (hurricane Katrina
at the end of 2005) or serious market developments that pose systemic risks to the economy
(e.g. collapsing mortgage market in 2007), and is absent from the FOMC minutes’ themes
identified by Boukus and Rosenberg (2006), whose research motivated our work. Theme 6 is
related to grave developments from extraordinary events that are specific to our sample
period and the recent Financial Crisis of 2007-2009. It should be further noted that the five
“Minutes themes” in Boukus and Rosenberg (2006) and the remaining five “Statements
themes” we identify and discuss in this study are not directly comparable or “one-to-one”,
and this is not only due to the differences in the sample period of the two studies. The themes
identified in the FOMC statements are very condensed and include multifaceted information
of very high density, as policymakers try to improve communication more and more over
time via an approximately single-paged statement they release to the markets, whereas
minutes record all views and arguments in relation to each and every discussion item on the
FOMC meeting agenda. This difference in the identified themes and their importance is
partly highlighted by the differences in the explained cumulative corpus variance that is
accomplished by the important statement themes (55.52-60.37 per cent by five or six themes
in this study) and the important minutes themes (36.7 per cent in Boukus and Rosenberg,
2006), respectively. Given that FOMC statements are released right after the committee’s



meetings and several days before the minutes become public information, it is only natural to
ask whether the minutes still have incremental information, over and above the one
contained in the immediately released statement. This is something we investigate further in
the empirical section that follows.

5. The treasury market reaction to textual themes in FOMC statements
In this section, we examine the treasury market reaction to the FOMC statement releases, so
as to test the economic significance of the statements’ information content, as provided by the
LSA method, and after controlling for a number of factors that might affect treasury yield
variability. We are mostly interested in whether the treasury market responds similarly to
the different themes identified by the analysis of the content of FOMC statements. This is
crucial to establish whether policy signals, as perceived by market participants, are direct
and uniform or heterogeneous and multi-faceted.

The analysis is conducted through time-series regressions that are nested in the following
equation:

6
Ay = ay + adroyc s + lroyc m + @loe + aulygp + 12 B + vilge
-1

+ Sf[ZIRP) X THEMEtl + g (gk + (PkIFOMC_S + ekIFOMC_M + l1[/k[QE (2)

6
+ wdygr) X CONTROLF + 2 2 ¢(THEME! X CONTROL?) + e,
=1

n

The dependent variables, Ay, are the absolute daily changes in treasury yields of maturity
m. As in Fleming and Piazzesi (2005) and Boukus and Rosenberg (2006), this dispersion-like
measure of absolute yield changes will be used to investigate the effect of any new
information contained in the identified themes.

Indicators Lroyc s Lrome as Loz and Igpare dummy variables; Iy s = 1 on the days the
FOMC statements are released and zero otherwise, and likewise, Ly, 5, = 1 on the days the
FOMC minutes are released and zero otherwise, I, = 1 during the period of quantitative
easing and zero on the rest of the period and finally, I, = 1 over the period that the Fed
target rate is set to the zero lower bound (i.e. 0.00-0.25 per cent) and zero otherwise.

A number of control variables are included in the regression specifications we estimate.
Their direct effect is captured by the £ coefficients in equation (2), while we also allow for the
possibility that their slopes are statistically different on the days the FOMC statements or
minutes are released (the ¢ ’s or 0’s), during the Fed’s quantitative easing regime (the is’s) or
during the Z.LR.P. (the w’s). In our base-case model specifications, we use as control variables
the three-month Eurodollar implied volatility, as a measure of monetary policy uncertainty
(Reinhart and Sack, 2005; Boukus and Rosenberg, 2006), CBOE’s VIX to proxy for financial
markets’ stress, the “term spread” as a proxy for the economic conditions and prospects over
the near term and the “credit spread” to proxy for the expectations about the business cycle
and future changes in the economic activity. All control variables are calculated as described
in Section 3.2.

Our variables of interest, THEME! , [ = {1,...,6} , are the innovations (absolute value of
residuals from first-order autoregressive models) of the six most significant themes that are
identified and discussed in the previous section[17]. We are interested in whether the new
information in the FOMC statements affects the variability in the yields of the treasury
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market differently, depending on which theme appears most important for policymakers at
a particular point in time. To explore the possibility that the effect of new information in
THEME! is differentiated across different time or policy periods, we also include interaction
terms of our variables of interest with the control and the dummy variables.

Table V summarizes the estimation results for a number of specifications nested in
equation (2). In Panel A, the dependent variable Ay/” is the absolute daily change in the
three-month treasury yields (# = 3 months), while in Panel B, it is the absolute daily change
in the 10-year treasury yields (m = 120 months)[18].

An immediate observation from Table V is that there is a statistically significant change
of treasury yield volatility on the days the FOMC statements are released, and this holds for
all treasury maturities (reported and unreported), with the effect being more pronounced at
longer maturities (e.g. 10-year). This is not however the case, on average, on the days the
FOMC minutes are released, suggesting that in general the subsequent minutes releases do
not seem to have incremental information, over and above that of the FOMC statements. This
is exactly in line with our previous findings in Table 1. Regarding the other two indicator
variables, both the unconventional policies of large-scale asset purchases (/) and the
“zero-rates” policy (I,p) are associated, as expected, with lower yield volatility, with the
effect of the “zero-rates” policy appearing more significant in our sample period.

When added in the regression in Specification (3), the identified textual themes from the
FOMC statements appear to collectively and significantly add to the explanatory power of
the model. This conclusion is strongly supported by a typical Wald test (and a corresponding
log-likelihood ratio test of the same spirit) that clearly rejects (at the 1 per cent level) the null
hypothesis that all THEME] coefficients are simultaneously equal to zero. This holds in both
panels, as well as in all other (unreported) dependent variables of different maturities. What
is equally interesting however (and a significant advantage of the proposed textual analysis
approach) is that not all textual themes appear to equally affect the variation in the treasury
yield curve: Themes 3 and 4 are statistically significant in Panel A for the three-month yield
volatility, while Themes 3-6 in Panel B for the 10-year one.

The fact that different segments of the treasury yield curve respond significantly to
different textual themes from the FOMC statements is an indication that the messages
conveyed to market participants are heterogeneous and multi-faceted. The LSA approach to
content analysis, that is proposed and applied in this paper and which can detect, rank by
overall significance and track the intensity over time of the different Themes that dominate
the FOMC statements, is well-suited, by construction, for reporting this heterogeneous and
multi-faceted effect that the Fed’s communication to market participants has.

In virtually all estimated specifications, the selected control variables (Eurodollar implied
volatility, CBOE VIX, “credit spread” and “term spread”) are highly statistically significant,
as expected. In Specifications (4)-(10), we allow the effect of the identified textual themes to be
conditioned on the underlying financial markets’ and economic outlook, by interacting our
THEME! variables with the I indicators and the other CONTROL}" variables. Results in
Panel B for the 10-year treasury yield are quite robust to this “conditioning via interactions”;
however, this is not the case in Panel A for the three-month treasury yield. We observe in
Panel B that all interactions terms involving (mainly) Themes 3 to 6 are statistically
significant in virtually all of Specifications (4)-(10). To see this, note that in the last rows of
each panel, we report F-statistics from standard Wald tests under the null hypothesis that the
overall effect of a given theme variable is equal to zero[19]. Unambiguously, Themes 4 and 6
(and to a lesser extent Themes 3 and 5) have a significant effect on the 10-year treasury yield
volatility.
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The same themes (4 and 6, followed by 3 and 5) appear robust in the (unreported) results
that pertain to the yield volatility of medium to long-term treasury instruments
(two-year, five-year, etc.). This is not the case however for shorter maturities; in Panel A,
for the three-month yield, we observe that the overall effect of the THEME! variables is
insignificant, as it appears subsumed by the control and indicator variables.

Overall, the results of our regression analysis indicate that the FOMC statements
include new information content that has not been previously discounted in the treasury
market, information that appears not to be included or subsumed by the extensive
minutes that the FOMC releases weeks after the single-paged statements are made. The
proposed LSA method produces independent (by construction) and objective (i.e.
unaffected by reader’s biases) textual themes that can explain the variation in the
treasury yield curve (its long-term end predominantly) in a statistically significant way,
even after controlling for a number of established factors that are known to affect the
treasury market. In line with the findings of Boukus and Rosenberg (2006) and unlike the
suggestions by Reinhart and Sack (2005), we find that the treasury market reaction is not
homogenous or uniform and appears to depend on specific themes included in the FOMC
statements, as these are evolving in intensity over time. In conclusion, our findings imply
that the new policy information that is revealed by the FOMC statements exerts
significant effects on the treasury market, thus suggesting that the policymakers are
moving toward greater transparency and continuously enhanced “forward guidance” in
communicating monetary policy effectively, and this serves the Fed’s goals for
“controlling” the moves of the treasury curve (by primarily flattening the long-term part
of the curve) and provide the necessary impetus to the economy[20].

To better understand the treasury market reaction to the identified textual themes
and to further examine whether the informational content of the FOMC statements has
been affected by the recent financial crisis, we conduct additional sub-period
analysis[21]. We divide our sample into sub-periods using two natural criteria: First, as
our sample period embraces the financial crises of 2007-2009, it is natural to divide our
sample into a “pre-crisis” period, a “financial crisis” period and a “post-crisis” period. We
use the timeline from the “Financial Crisis Calendar” of the St. Louis Fed to define the
three crisis-related sub-periods[22]. Second, over our sample period of 2003-2014, the Fed
has had three different chairpersons, so it is intuitive to examine the intensity of the
FOMC textual themes and their effect on the treasury yields for each chairperson’s term
separately[23].

We re-estimate the specifications nested in equation (2) for each of the three
crises-related and the two chairperson-related sub-periods, and summarize the results in
Figure 5. Again, for brevity, we make the results of all unreported treasury instruments
and specifications available upon request. The results collectively seem to indicate that
the informational content of the textual themes that dominate the FOMC statements has
become more and more significant since the 2007-2009 financial crises. The effect of the
statements’ themes on the treasury market appears limited in the “pre-crisis” period
(which largely overlaps with our “Greenspan” sub-period); however, this is entirely
reversed during the recent financial crisis and the period that followed it. Virtually all
identified themes appear statistically significant after 2006, and much in line with the
results of Table V, the effect appears more pronounced in the yield volatility of the
longer-term treasury instruments. In conclusion, the findings from the sub-periods
appear in line with the declared intention of the Fed policymakers to continuously
enhance “forward guidance” and transparency since the financial crisis.
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Figure 5.
Treasury market
reaction to FOMC
statement release;
sub-period analysis

|Alan Greenspan 06-May-2003 to 31-Jan-2006 . Gsobs| [recrisisperiod 06:May-2003 to 26-Feb-2007 o 953 obs,
{regressions (1) - (2)} i
e Bernanke,Janet Yellen 01-Feb-2006 t0 31-Jan-2014 o 20sobs| [financialCriss o) 27:Feb-2007 0 13-Apr-2011 - 1037 0bs]
{regressions (3)- () 03-Feb-2014 to 17-Dec-2014 - 220 obs| Postcrisis period 14-Apr-2011 to 17-Dec-2014 - 920 0bs,
regressions (9) - (10)}
Panel A, 3-month Treasury Yields
Variable [0 5] Variable [5) © [0
Tntercept 000102 " 0.00102 X X Intercept 000030 000030 1 000114
Statement release indicator (lowc ) 000006 000009 | 000033 000073 " Statement release indicator (iouc <) 000064 000029 | 0.00024
Minutes release ndicato (o v) 000006 000006 | 000004 0.00004 Minutes release indicator (o v) 000006 000006 | 000004 000004 | 000004 000004
Eurodollar implied volatlity 000407 * 000407 * | 001135 " 001135 " Eurodollar implied volatilty 0.00368 "' 0.00368 "1 0.02045 "' -0.02045 "1 000161 " -0.00161
Eurodollar implied volatlty*Tjouc 000561 000813 1 -000678  -0.00601 Eurodollar implied volatility*lronc 5 000126 000480 | -000378 001407 | 000151 000128
CBOE VIX 000171 " 000171 ™ " 000584 """ CBOEVIX 000060 000060 | 000708 """ 000708 | 000018  -0.00018
CBOE VIX*louc s 000312 -0.00856 000144 CBOE VIX*hoc s 000384 000379 | 000577 " 000113 | 000007  -0.00038
Term spread 000383 * 000383 | -000355 000355 ' Term spread 000157 000157 | 000532 000532 | 000602 " 000602 "
Term spread*ljouc 001300 000912 | 000261 001903 * Term spread*liouc s 001396 001031 | 000354 000275 | 000324 000412
Credit sread 002049 " 002049 "'} 000769 -000769 *  Credit spread 001820 U 001820 T -000256 000256 | 002595 " 0.02595 "
Credit spread*lionc s 005634 00054 ;001990 001405 Credit spread®lyouc s 005719 C 00391 ;003350 003074 [ -001889 001746
Theme | 001453 Theme | 001877 " -0.00823
Theme 2 000344 Theme 2 -0.00269 00209 *
Theme 3 000777 Theme 3 -0.00085 00311 "
Theme 4 000649 ** Theme 4 000465 " 002029 ™
Theme 5 000655 Theme 5 000882 * 001625 ™
Theme 6 000592 Theme 6 00223 000562
‘Adjusted Resquared 008786 043329 | 018920 020546 Adjusted Resquared 003205 00591 | 020717 023248 | 00859 008127
Fvalue 7589 757452805 U 36945 " Fovalue AIS0 470220741 20612 Y 9602 6081
Log likelihood (unRestr) 459182 461238 1205309 1297865 Log likelihood (unRestr) 646919 648616 1 STIIS6 ST 683740 683827
F-probability 000000 000000 ! 000000  0.00000 F-probability 0.00001 000000 | 000000 000000 | 000000 000000
No. of observations 685 685 2225 2225 No.ofobservations 953 953 1037 1037 920 920
Thene vri Theme varishles Theme varishes Theme varihl Themevarishles
Wald test: F-statistic 6387 8556 Wald test: F-statistic 0286
Wald test 4132 51334 Wald tst: Chi-square 1719
Log-Likelihood Ratio test 4114 51137 Log-Likelihood Ratio test 1749
Panel B, 10-year Treasury Yields
Variable [0 [E] [0 Variable © © [0 ® 2]
Tntercept 0.00061 0.00061 0.00031 Ttercept 000021 000021 | 000047 " 000047 1 0.00027 27
Statement release indicator (louc s) -0.00071 000025 0.00064 Statement release indicator (ljouc ) 000088 000099 0.00076 " -0.00104 | -0.00709 000441
Minutes release indicator (Irouc ) 000015 * 0.00015 * 0.00002 Minutes release indicator (I v) 000011 * 0.00011 * 1 -0.00003 -0.00003 0.00008
Eurodollar implied volatilty 001032 " 001032 000107 ** Eurodollar implied volatilty 000530 000530 T -00002 000032 | 000012
Eurodollar implied volatility*loue s 000922 000546 000302 Eurodollar implied volatility*louc s 000828 001182 | 00084 000005 | -0.03327 "
CBOE VIX 000160 0.00160 000252 """ CBOE VIX 00009 000090 | 0.00191 000191 "'} 0.00293
CBOE VIX*lgyc s 001051 * 001176 0.00053 CBOE VIX*ljgyc s 000891 0.00538 -0.00159 -0.00090 001131 "
Term spread 000758 “** 000758 ** 0.00383 "' 0.00383 "' Term spread 000706 U 000309 * 0.00309 i 001268 " 0.01268 "
“Term spread*ljouc 001349 002992 000553 000138 Termspread*liouc 001834 002781 001444 000602 011448 "7 004532
Credit spread 003957 " 003957 Credit spread 004021 ™ 004021 000146 000146 ! 000694 000694
Credit spread*lyoyc s 0.09075 009593 ° Credit spread*loyc s 007625 © 006728 1 005293 0.05718 "'+ 021568 " 0.15108
‘Theme | 000038 ‘Theme | 000629
Theme 2 001211 Theme 2 000434
Theme 3 002108 ‘Theme 3 000267
Theme 4 -0.00320 Theme 4 -0.00157
Theme 5 -0.00390 Theme 5 000933
Theme 6 000450 Theme 6 000362
‘Adjusted Resquared 020547 1 033350 033801 "Adjusted R-squared 079 026085 02670 02716 03161 034337
Favalue X 12741 122608 78515 ™ Fovalue 34014 21952 H3RTIS U 25864 H 43185 T 31035
Log likelihood (unRestr) 4468 44SL04 1435709 1436789 Log likelihood (unRestr) 627128 627622 | 65186 654522 161104 61319
F-probability 000000 000000 | 000000  0.00000 F-probabi 000000 000000 | 000000 000000 | 000000  0.00000
No. of observations 685 685 2205 2225 No.ofobservations 953 953 1037 1037 920 920
Theme varigbles Theme varigbles I variblg
Wald test: F-statistic 1380 3591 Wald test: F-statstic 1624
Wald tst: Chi-square 8279 2154 Wald tst: Chi-square 9746
Log-Likelihood Ratio test 8437 21605 " Log-Likelihood Ratio test 9872 20709 " 45521

Notes: The Table re-estimates a number of regression specifications that are reported on
Table 6 but this time for specific sub-periods of our entire sample more specifically, we
divide our sample period (a) according to each Chairperson of the Fed, and (b) in periods
before, during and after the financial crisis. The “precrisis” period, the “financial crisis”
period and the “post-crisis” period are defined by following the “Financial Crisis Calendar”
of the St. Louis Fed (available at https://www.stlouisfed.org/financial-crisis). Due to the
lack of sufficient observations for the J. Yellen’s term, we conduct analysis for the
“Greenspan” sub-period and the combined “Bernanke-Yellen” sub-period. The exact dates
of each sub-period appear below. Again, the dependent variable is the absolute daily
changes in the 3-month Treasury yield (in Panel A) and the absolute daily changes in the
10-year Treasury yield (in Panel B), and all other variables and diagnostic tests are as in
Table 6. Statistical significance is indicated by *, **, *** and **** which correspond to
significance levels of 10, 5, 2 and 1% respectively

WWW. 1T



6. Conclusions

Quantifying monetary policy inclination, as the latter is expressed in the FOMC statements,
and understanding the way markets react to any new information in the statements is a
challenging task, with apparent and important implications for monetary policy and
financial stability. This is particularly important in the aftermath of the great financial crisis,
as the Fed further intensified its communication tactics in its effort to improve policy
communication and reduce the market uncertainty for the economy, financial conditions and
future path of policy.

This study follows a fairly recent stream of research that combines specific textual
and statistical techniques so as to conduct content analysis and measure the effects of
certain policy communication on asset prices in financial markets. We contribute to this
literature by examining the statements released by the FOMC through a statistical,
language processing technique that allows identification of multiple, recurring and
economically significant textual themes which are by-construction free of subjectivity
and bias. Using all the FOMC statements released over the period from May 2003 to
December 2014, we use the LSA technique to identify the policy themes incorporated in
the statements, with six themes cumulatively explaining more than 60 per cent of the
total policy variation. Furthermore, we attempt an interpretation of the most important
identified themes via their key terms and phrases and examine the extracted themes’
correlation with current and future economic conditions. We finally establish that the
identified themes have a statistically significant effect on the yield dynamics (across the
longer-term treasury maturities predominantly), even after controlling for a number of
established factors that are known to affect the treasury market.

Our study adds to the establishment of LSA in terms of performing content analysis
research in monetary economics, as this language processing technique enables one to
produce a set of concepts (themes) that characterize the history of the FOMC statements and
also record the prevalence of each theme over time. Moreover, our analysis suggests that the
FOMC statements are highly comprehensive as a means of monetary policy communication,
and that they include meaningful content for the treasury markets, which are found to react
significantly and in different ways toward the several qualitative themes of information that
the LSA technique can uncover.

Our findings that extent the work of Boukus and Rosenberg (2006) suggest that
reaction in yields is rather nuanced and multi-faceted across the different thematic
schemes or across specific periods. Based on our findings, it seems that increased
communication and the multifaceted messaging from the Fed about their policy
decisions, stance and objectives is meaningful to the markets in either understanding
what the central bank is currently doing or on what can be expected in the future.
Shaping market expectations through communication does appear a viable strategy
the Fed. Finally, the increasing importance of the themes communicated from the
FOMC, particularly after the financial crisis, shows that the increased “Fed speak” and
“forward guidance” incorporated in the statements confirms the Central Bank’s
commitment to transparency going forward, with that being a crucial tool for
maintaining credibility, reducing uncertainty and handling policy challenges that arise
around the world.

Future work might focus on either the formation of a holistic view of the impact of the
Fed’s monetary policy communication across all markets (stocks, exchange rates and
capital flows) or on the differentiation of monetary policy frameworks (including
communication tactics) across the major Central Banks, by exploring their potential
spillover effects on the global economy.
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Notes

1.

10.

11.

12.

13.

14.

15.

16.

17.

Table Al in the Appendix provides a quick overview of the types of monetary policy
communication and the extent of transparency adopted from major Central Banks around the
world. To conserve space, all the appendices of the manuscript are only made available online, at:
http://ssrn.com/abstract=2830825

. The minutes of the FOMC meetings are released three weeks after the statements are made public.

Actually, the release of the detailed minutes three weeks after the meeting and the statement is a
fairly recent FOMC decision to expedite their release (Federal Open Market Committee, 2004).

. Also used in search engine procedures and information retrieval applications (Deerwester ef al.,

1990; Berry et al., 1995)

. See Landauer et al. (1998) for an excellent review of the technique.
. See Chappell and McGregor (2004) who not only present mixed evidence about the importance of

the FOMC decision-making mechanics but also suggest that the detailed voting results within the
Committee are of limited importance. Similarly, Thornton and Wheelock (2014) suggest that
member dissents do not necessarily indicate different views on the economic conditions or
prospects and as such, do not add further to the market’s understanding for the future path of
monetary policy.

. See http://provalisresearch.com/ for details regarding the software.
. For interested readers, we make the complete, modified dictionary used in this study available upon

request.

. The Porter (1980) stemming algorithm is inbuilt in WordStat®. More details regarding the

algorithm, as well as a great stemming vocabulary can be found at http:/tartarus.org/martin/
PorterStemmer/.

. SVD is a generalized form of principal component analysis that can be used on arbitrary

rectangular matrices. See Wall et al. (2003) for a review.

Such steps include, among others, the reporting of individual members’ votes in the FOMC
statement (2002), the accelerated release of the FOMC minutes (2005), the SEP report released once
per quarter (2007) and the Fed Chair press conferences once per quarter (2011).

Fama and French (1989), Chan-Lau and Ivaschenko (2002) and Gilchrist et al. (2009) testify that
treasury rates and credit spread data can be used to indicate the current and future state of the
economy.

Estrella and Hardouvelis (1991) suggest that the term spread should be considered a significant
predictor of the probability of recession in the near-term future.

Reinhart and Sack (2005) and Boukus and Rosenberg (2006) measure the effects of the FOMC
minutes release on several financial market instruments, suggesting the three-month Eurodollar
rates as an indicator of monetary policy uncertainty.

This is in line with policymakers’ efforts to influence the long-term rates, as discussed in Bernanke
et al. (2004).

This partition of the sample into three sub-intervals according to the respective presidential terms
is merely made for illustration purposes, and any conclusions reached should be interpreted with
caution, as the sub-periods are of unequal length.

It is usual in P.C.A. or similar factor-decomposition applications to only retain the factors/
themes that pass certain “rules of thumb”. One such “rule of thumb” is to only retain the factors
that individually account for 5%, and above, of the variation; another (known as the
Guttmann—Kaiser criterion) is to retain any factors with eigenvalue greater than the average of
all eigenvalues.

Fleming and Piazzesi (2005) suggest the absolute value of the yield change as the appropriate
measure reflecting the new information released and that is relevant to the market.



http://ssrn.com/abstract=2830825
http://provalisresearch.com/
http://tartarus.org/martin/PorterStemmer/
http://tartarus.org/martin/PorterStemmer/

18. Toavoid cluttering the reader with tables, we only report estimation results for ten specifications nested
in equation (2) and two dependent variables (the three-month and 10-year instruments) and make all
other instruments (e.g. six-month, two-year, etc.) and specification results available upon request.

19. By the overall effect of any textual theme in these specifications, we mean the direct effect, as
summarized by the THEME] coefficient estimate in the regression, and the effect that is conditioned
on any interacted CONTROL;} or indicator variable. Thus, for example, in Specification (10) the
Fstatistic for Theme 1 tests the hypothesis H;:8, + {Euwrodollar + L,VIX + Term +
¢,Credit = 0 against the alternative (where Confrol indicates the sample mean of any interacted
Control variable). Rejection of the null hypothesis signifies a significant overall effect of the textual
theme on the treasury yield volatility.

20. See Figure A2 in the Appendix that provides a graphical illustration of the treasury yield curve
reaction to Fed policies (conventional and unconventional); see also the discussion in Bernanke
(2006).

21. The authors are grateful to an anonymous reviewer for suggesting this additional analysis.

22. The “Financial Crisis Calendar” is available at: www.stlouisfed.org/financial-crisis, and according
to it our “pre-crisis” period runs from May 6, 2003 to February 26, 2007, the “financial crisis” period
from February 27, 2007 to April 13, 2011, and the “post-crisis” period from April 14, 2011 to the last
day of our sample (December 17, 2014).

23. Note that due to the lack of sufficient observations for the J. Yellen’s term (that only started on
February 3, 2014), we conduct analysis for the “Greenspan” sub-period (May 6, 2003 to January 31,
2006) and the combined “Bernanke-Yellen” sub-period (February 1, 2006 to December 17, 2014).
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