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Following the extreme credit market disturbances in the fall of 2008, the Federal Reserve
announced an unusual program to purchase large quantities of long-term securities to improve
credit market conditions, particularly in the housing market. On November 25, 2008, the Federal
Reserve announced that it would purchase up to $100 million of government-sponsored
enterprise (GSE) debt and up to $500 million in mortgage-backed securities (MBS) to reduce
risk spreads on GSE debt and mitigate turmoil in the market for housing credit. On March 18,
2009, the Federal Open Market Committee (FOMC) press release announced that the Federal
Reserve would purchase an additional $750 billion of agency MBS, an additional $100 billion in
agency debt, and $300 billion of longer-term Treasury securities.

Kohn (2009) calls these purchases of GSE debt, MBS, and long-term Treasuries “large-
scale asset purchases” (LSAP). Central banks have tried similar—but much smaller—asset
purchases before. For example, the Federal Reserve famously attempted to influence the long
end of the yield curve in “Operation Twist” in the early 1960s. Modigliani and Sutch (1966)
found that this earlier attempt to bring down long rates was, at most, moderately successful,
probably because the purchases were insufficiently large and offset by new Treasury issuance
(Blinder (2000)).

The recent LSAP are especially informative because the program is an unusually large
“natural experiment”—an isolated change in the economic environment—that illuminates market
reactions and joint asset price determination. In particular, it establishes the quantitative
significance of the portfolio balance channel and the efficacy of this rarely used monetary policy
instrument, which might be useful either in normal conditions or at the zero bound.

Several financial crisis policy studies are directly related to the present paper. Ait-

Sahalia et al. (2010) take the broadest view of policy interventions by classifying interventions



by type and looking at pooled and unpooled effects across countries. This assumes homogeneous
effects of interventions within policy classes that include interest rate cuts, liquidity support,
liability guarantees, and recapitalization, from many countries on many financial variables. This
bold approach presents a broad view of average effects but does not substitute for a close
examination of the specific effects of heterogeneous announcements.

Two papers study the LSAP program specifically. Stroebel and Taylor (2009) argue the
Federal Reserve’s purchases of MBS produce small or statistically insignificant effects on
mortgage-Treasury spreads that are adjusted for pre-payment and default risks. Stroebel and
Taylor (2009) differs from the current study in looking for effects of transactions on spreads,
rather than announcement effects on yields. Although they note that “the MBS purchase
program reduced the Treasury-OAS [option adjusted spread] by about 30 bps” (p. 20), they
credit this decline to an increased commitment to guarantee GSE liabilities. In contrast to
Stroebel and Taylor’s (2009) methods and conclusions, Gagnon et al. (2010) cite announcement
effects and a statistical model of debt yields to argue that the LSAP did reduce U.S. long-term
yields (see also Kohn (2009) and Meyer and Bomfim (2010)).! Because Fama’s (1970) efficient
markets hypothesis states that markets react rapidly to publicly available information, asset
prices should react immediately to LSAP news, not to expected transactions.? Therefore Gagnon
et al.’s (2010) event study methods seem most appropriate to the study of LSAP effects.

Hamilton and Wu (2010) model the term structure of U.S. debt to study the effects of
changes in its maturity structure. Their point estimates of the effects of a large swap of short-

term for long-term debt are roughly consistent with the predictions of the simple portfolio

! Joyce et al (2010) find that the Bank of England’s quantitative easing program had quantitatively similar bond
yield effects as those Gagnon et al (2010) found for the U.S. program.

2 Concentrating on the Treasury LSAP, D’Amico and King (2010) find small (3.5 basis point) flow effects of
purchase operations.



balance model in this paper.

All of the above studies consider domestic effects of financial crisis programs. In
addition to influencing U.S. yields, however, the LSAP will affect international asset prices
because risk-arbitrage ties expected international returns closely together in a world of capital
mobility.®> Ceteris paribus, a fall in U.S. bond yields would cause investors to reduce their
portfolio weights in U.S. bonds in favor of foreign bonds, pushing up the prices of those foreign
bonds and reducing their yields until a new equilibrium was reached. Because expected returns
to an international debt investment depend on both expected bond returns and expected exchange
rate changes, the LSAP should influence both international interest rates and exchange rates.*
The contribution of this paper is to evaluate the LSAP’s effect on international long bond yields
and exchange rates, as well as to consider whether the observed asset price behavior is consistent
with a simple portfolio balance model and standard exchange rate parity conditions.

The LSAP program significantly reduced the 10-year yields of Australia, Canada,
Germany, Japan, and the United Kingdom and also depreciated the USD versus the currencies of
those countries. This paper asks how much of the observed changes in yields and immediate
exchange rate movements can be explained by a simple portfolio balance and UIP-PPP model,
respectively. The LSAP effects on expected real U.S. bond yields somewhat exceed those
implied by portfolio choice model, but the changes in international bond yields are consistent
with such a model. Exchange rates changes at the time of the LSAP announcements are smaller
than—but in the same direction as—those implied by an “overshooting” effect produced by UIP

and long-run purchasing power parity (PPP). Overall, the evidence is consistent with a strong

® Kozicki, Santor and Suchanek (2010) use time series regressions to estimate how changes in central bank balance
sheets affect international 5- and 10-year forward interest rates over 28-year samples.

* There have been studies of the international effect of short-term interest rate changes: Valente (2009) examines
how interest rates in Hong Kong and Singapore respond to the unexpected component of U.S. federal funds target
announcements.



but plausible portfolio balance effect, coupled with a flight to quality that mitigated the predicted
exchange rate effects. These findings reinforce and significantly extend the view of Gagnon et

al. (2010) that central banks retain effective tools at the zero bound.

1. The LSAP Events

The LSAP program consisted of suggestions of possible future purchases, firm statements
of planned purchases, including time-frames and quantities, and announcements of purchase
slowdowns and a cutback. FOMC statements and speeches described the motives for these asset
purchases in several ways but repeatedly returned to the themes of directly supporting credit
markets—especially for housing—to increase the availability and affordability of credit with the
ultimate goal of stimulating the economy. That is, the intermediate goal was to reduce medium-
and long-term U.S. interest rates.

To determine the impact of these purchases, we must look at announcement effects
because efficient markets should react to news about future asset values, not to expected
transactions. Examination of press releases, FOMC member speeches, FOMC statements, and
news reports confirms Gagnon et al.’s assessment that 8 events/announcements associated with
the LSAP program had potentially important information: 5 of those events discussed purchases
or suggested future purchases; 3 discussed slowing and/or limiting purchases. Table 1 describes
the time and information content of those 8 events.

The FOMC announced purchases or suggested possible future purchases 5 times: On
November 25, 2008, the Federal Reserve announced purchases of up to $100 billion of GSE debt
and up to $500 billion in MBS in response to widening GSE debt spreads and housing credit
market turmoil. On December 1, 2008, Chairman Bernanke cited the limited ability of

conventional monetary policy to further influence financial conditions—the Federal funds target



was one percent—and mentioned possible purchase of “longer-term Treasury or agency
securities on the open market in substantial quantities.” The December 16, 2008, FOMC press
release said that the Federal Reserve was evaluating the possibility of buying long-term Treasury
debt. The January 28" FOMC statement reiterated that the Fed stood ready to buy additional
agency and Treasury debt if such actions would help credit market conditions.® This failure to
actually announce purchases disappointed markets, but the FOMC soon announced such specific
plans on March 18, 2009: “The Committee decided today to increase the size of the Federal
Reserve’s balance sheet further by purchasing up to an additional $750 billion of agency
mortgage-backed securities, bringing its total purchases of these securities to up to $1.25 trillion
this year, and to increase its purchases of agency debt this year by up to $100 billion to a total of
up to $200 billion. Moreover, to improve credit market conditions, the Committee decided to
purchase up to $300 billion of longer-term Treasury securities over the next six months.”

These purchases were of unprecedented size. Gagnon et al. (2010) estimate that the
$1.725 trillion dollar total debt purchase is 22 percent of the long-term agency debt, fixed-rate
agency MBS, and Treasury securities outstanding as of November 24, 2008, just prior to the first
LSAP announcement. This calculation properly takes a fairly comprehensive view of substitutes
for U.S. Treasury debt, but it also excludes U.S. corporate debt, which is appropriate in view of
the extreme behavior of corporate-Treasury spreads during this period.

To briefly summarize Gagnon et al. (2010) on the program’s institutional details: The
Federal Reserve Bank of New York purchased securities across the yield curve, with maturities
from 3 months to 30 years, but bought most heavily in 4- to 10-year and “underpriced” issues.

The rate of purchase was fairly steady, but increased (decreased) when liquidity was good (poor).

% Arguably, the January 28" release should be classified as a sell event because it reduced market expectations of
asset purchases. | choose to classify it as a buy event because the actual language discussed additional purchases
and I do not wish to classify events based on the ex post price reaction but on the announcement language.
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Three announcements caused the public to expect slower or reduced purchases: On
August 18, 2009, the FOMC statement announced that the Treasury purchases would be finished
by the end of October, rather than September 18, as originally announced. On September 23,
2009, the FOMC statement said that agency debt and MBS purchases would be slowed and
finished by the end of 2010Q1, rather than the end of 2009. On November 4, 2009, the FOMC

reduced the planned purchase of agency debt from $200 billion to $175 billion.
2. What To Expect?

2.1 A portfolio balance model of real bond returns

Gagnon at al. (2010) strongly argue that the LSAP reduced U.S. yields through a
portfolio balance effect: By removing duration and convexity from private portfolios, the LSAP
reduced the return required for holding a diminished amount of this risk.> One would like to
quantify how much of a portfolio balance effect to expect from a given purchase announcement,
however. To determine this, we consider how reducing available supply affects the portfolio
choice of a mean-variance investor who represents all agents except the Federal Reserve and the
U.S. government. The investor chooses an N-by-1 vector of portfolio weights (w) to maximize
the following function of asset returns:

max,, w'u — 0.5yw'Vw, (1)

where p is the N-by-1 vector of expected net returns on the assets, V is the N-by-N covariance
matrix of the asset returns and vy is the investor’s coefficient of relative risk aversion. The

following expression gives the optimal portfolio weights:

® Long-term yields are the sum of average expected future short rates and the risk premium. The term premium,
which compensates investors for the risk of rising interest rates, is the major component of the U.S. Treasury risk
premium; credit and liquidity premia also contribute to MBS and agency debt risk premia. Convexity denotes the
tendency of bonds with prepayment risk, such as MBS, to fall in duration as interest rates rise.
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If the Federal Reserve purchases a large portion of some asset with inelastic supply (at
least in the short-run), such as MBS, agency debt, or long-term Treasuries, then market clearing
requires the public’s portfolio holdings of that asset to decline commensurately. Some linear
combination of expected returns on the N assets must change to induce the investor to willingly
reduce his holdings of the asset, or the quantity demanded would exceed the quantity supplied.®
After an asset purchase that changes the public’s portfolio weights from w, to w,, the change in
the expected asset returns, Ap, would be given by the following:

t — po =YV (wy —wp) = Ap. 3
Equation (3) assumes that the LSAP program does not change the covariance matrix of returns.
This assumption is probably a reasonable approximation.

This analysis assumes that agency debt and agency MBS are very close substitutes for the
nominally riskless Treasury debt. Although the Federal government did not formally guarantee
debt from Fannie Mae and Freddie Mac prior to putting them under conservatorship in
September 2008, financial markets have long believed that the U.S. government would not allow
these agencies to default on their obligations and consequently lent to those organizations at rates
that remained only modestly above Treasury rates. The Treasury explicitly guaranteed agency
liabilities in September 2008 and Treasury officials have since reiterated this promise (e.g., Barr
(2010)). Therefore Treasuries and agency obligations are extremely close substitutes—
essentially the same asset—for international portfolio choice decisions.

While it is most natural to think of a large purchase of those domestic securities affecting

" Campbell (1999) discusses this portfolio choice model, concluding that omitting assets and extending the model
with intertemporal hedging demand does not affect substitutability of assets.
& Doh (2010) describes the evidence on the effect of supply shifts in several contexts.
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U.S. Treasury and agency bond prices/yields, equation (3) shows that the prices/returns on all
correlated assets—especially those on closely correlated assets such as high-quality, long-term
foreign bonds—will generally need to adjust to clear markets. Specifically, if the decrease in
available quantity of Treasuries raises their price, then investors will tend to purchase the now
relatively cheaper debt of similar quality—i.e., sovereign debt of other developed countries—
driving up the price of that debt. Equation (3) shows that the change in the expected returns to
country k’s bonds is the product of the reduction in the weight of U.S. bonds in the market and
the covariance between the real U.S. bond returns of country k and those of the United States.’
That is, the LSAP programs should not only raise prices/reduce expected returns on MBS,
agency debt, and Treasuries, but should also reduce expected real U.S. returns on foreign bonds
with positively correlated returns.

Is foreign long-term sovereign debt a close substitute for U.S. debt of similar maturity?
Comovement of yields and returns suggests that it is. Figure 1 illustrates U.S., Australian,
Canadian, German, Japanese, and U.K. 10-year bond yields from January 1, 2005, through April
26, 2010. Using data from January 1985 through May 2010, correlations in monthly 7- to 10-
year real, U.S. bond returns for the U.S., Canada, Germany, and U.K. vary from 0.35 for the
U.S.-U.K. bond return to 0.69 for the German-U.K. bond return.® Because international bond
returns are imperfectly correlated, the announcements of purchases of U.S. bonds reduced U.S.
bond yields more than foreign bond yields.

Of course, the LSAP program increased bank reserves commensurately with the decrease

® Note that the change-in-weights vector, (wy-wo ) in (3), consists of zeros, except for the element reflecting U.S.
weights, which is equal to -0.22 times the original weight on U.S. bonds. Although the change-in-return calculation

in (3) would appear to depend on v, it does not. The original portfolio weights are calculated from equation (2):

Wy = $V‘1 u and the new portfolio weight vector, wy, equals wy, except for a 22 percent reduction on the U.S. bond
share in wy. Therefore the risk-aversion parameter does not affect the change-in-return calculation in equation (3)
because its value in the numerator of (3) is cancelled by its effect on the denominators of the formulas for wy and w;.

% Warnock and Warnock (2009) find international capital flows substantially affect long-term U.S. interest rates.
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in public bond holdings. The increase in bank reserves reflects a strong desire for safe, liquid
assets that the simple portfolio balance model is ill-equipped to model with its focus on the
means and covariances of asset returns. Therefore the benchmark portfolio balance model does
not directly model the market for bank reserves.

The simple portfolio balance model in equation (3) implies expected real return changes
that the LSAP program might produce by reducing the non-U.S.-government portfolio weight on
U.S. debt by 22 percent. Using 303 real monthly returns in USD, 1985:02 to 2010:04, on the
S&P 500, and U.S., Canadian, British, Japanese, and German 10-year bond indices to estimate p
and V, equation (3) implies that a 22 percent reduction in the quantity of long-term U.S. debt
would reduce the expected U.S. bond real return by 88 basis points and the foreign expected real
returns (in terms of U.S. goods) by 57 to 76 basis points, depending on the country. For
simplicity, these calculations assume that V is homoskedastic.

To measure the effect of sampling variation on the estimates of u, V and expected
returns, | drew 1000 samples of 303 observations from the six return series, maintaining the
whole sample contemporaneous covariance but sampling independently over time, and used
those to construct 1000 estimates of u, V and the estimated change in expected returns. These
calculations produced a 90 percent confidence interval of 29 to 150 basis points for the expected
real return to U.S. debt and approximately 20 to 134 basis points—varying with the country—for
the expected real returns in U.S. goods to the Canadian, British, Japanese, and German 10-year

bond indices. 1

1 To test the robustness of the results to possible time variation in the data generating process, | repeated the
exercise with a subsample consisting of the return observations from 2000:01 to 2010:4. The sampling distributions
for u, V and the estimated change in expected returns had significant overlap with those from the full sample and
were consistent with those results. The more recent data predicted somewhat smaller expected asset return changes
than the full sample: a 40 point fall in U.S. 10-year bond real returns and 20-t0-40 b.p. declines in the real returns to
the 10-year bonds of the other countries. In addition, the portfolio balance model predictions were also robust to
excluding Japan.



One observes announcement effects on bond prices/yields; one does not observe the
expected holding period returns from the portfolio balance model. A fully specified term
structure model could relate expected holding period returns to changes in yields but that would
be of questionable value in a time of such unusual bond market behavior. If the market believed
that the changes in expected returns applied throughout the N-year life of the securities, however,
then the change in expected returns would translate directly into changes in yields, as the yield is
just the average annual return over the life of the security. On the other hand, if markets expect
the LSAP purchases to be actively reversed over the maturity of the security, the announcement-
effect changes in expected returns would overstate the changes in expected yields. The latter
assumption seems to be reasonable. The changes in expected returns probably overstate the

magnitude of changes in yields but it is difficult to say by how much.

2.2 Bond yields and the time path of exchange rates

The portfolio choice model implies that a purchase of U.S. debt would tend to reduce
expected U.S. returns at least as much as expected returns on foreign debt. This difference in
expected returns will very likely translate into differences in relative yields that should affect
expected exchange rate changes. If U.S. yields decline more than foreign yields, for example,
UIP would predict that the USD must be expected to appreciate over the relevant horizon,
compared to its previous sample path. This subsection describes what sort of exchange rate
changes that UIP-PPP parity conditions imply, conditional on the LSAP bond yield changes.

But why consider UIP effects, given UIP’s empirical failure when applied to floating
exchange rates? ** UIP remains a benchmark for foreign exchange behavior for several reasons.

First, UIP’s failure has three important exceptions. Flood and Rose (1996) have shown that UIP

2 Hodrick (1987) documents UIP’s failure and Engel (1996) reviews the early literature on the topic.
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performs much better for target zone exchange rates where expectations are tied down; Chaboud
and Wright (2005) have shown that UIP holds over very short horizons; and—most relevant for
the present study—Chinn and Meredith (2004) and Chinn (2006) have shown that UIP holds
over very long horizons. Second, UIP remains intuitively attractive and a workhorse of
economic modeling, despite the complications that poorly understood risk premia and/or volatile
expectations probably produce.

UIP implies that the expected change in the exchange rate over a horizon of N years
should be a function of interest differentials at that horizon. This should be true both before and

after the announcement.®® That is,

Ee-Gen) = s +N(i0y —i%)  vNeR @
and

Ee(seen) = se + N (g —il%)  VNeER 5)
where the expectations operators E.- (E,) denote expectations taken prior to (after) the

announcement at time t, s, is the log of the foreign-currency-per-dollar in period t+N, s~ (s.)

forelgn foreign

is the log exchange rate just before (after) the announcement and.i,- and X n (g - and

i US) are the logs of the gross yields of foreign and U.S. zero-coupon debt over N years before
(after) the announcement.
The announcement effect on the expected exchange rate in N years is (5) less (4).
Ee(Seen) — B (Seen) = se = se- + N (ifn 78" =158 ) - N (i3 ®" = i%y) vNe R (6)

Avre the UIP-implied “jumps” in the exchange rate at the time of the announcement, (s; — s;-) iIn
(6), consistent with the actual, measured jumps in exchange rates? Two reasonable assumptions

about long-run exchange rate expectations enable one to calculate the UIP-implied jump.

13 Equations (4) and (5) are log approximations of the UIP relation E[S(t+N)] = S(t)*(1+ i (t,N))™/ (1+ iS(t,N))™.
11



e Assumption 1: PPP holds in the long run; the real exchange rate is stationary. Therefore
the long-run expectation of the real exchange rate, q, is always approximately the

unconditional mean of the real exchange rate, g.

foreign foreign

Ec- (sen — Pion & + DY) = Ee (sun —Pion " +p%) ~d  forlargeN  (7)
Assumption 1 implies that the expected long-run nominal rate after the announcement is

the expected long-run nominal rate prior to the announcement plus the announcement effect on

expected long-run relative price levels (i.e., AE.-; (piﬁ’rﬁig“ - pEfN)):
forei forei
Et(St+n) — Ee-(stan) = Eq (ptirlx‘]elgn - pPJrSN) — E¢- (ptirl\?gn - pE,SN), for large N
forei
E¢(stsn ) — Ee-(Sean) = Ay (ptirl\?lg" - pEfN) ,  forlarge N. (8)

where A¢- . denotes the change in a variable at the time of the announcement at time t.
e Assumption 2: The long run is 10 years, which is the longest maturity of consistent BIS
zero-coupon data.
Equating the right-hand sides of (6) and (8) and rearranging provides an expression for the

announcement jump size in terms of changes in observable interest and price level differentials.
St — St~ & —N (At—,tiiir(f 8N At—,tigfo ) + A cEt (piirlx?ign - pny)
~ (NAt‘,tigfo - At‘,tEtpEI—SN) - (NAt‘,tii_olr:ign - At‘,tEtpiirlx‘?ign)- ©)
That is, the jump size equals the change in the relative expected long run real interest rate.
Intuitively, UIP requires expected dollar appreciation over the long run, compared with
its previous expected path, because the LSAP “buy” events reduced U.S. real yields relative to

foreign real yields. But if the long-run real exchange rate is unchanged, then the dollar must

jump depreciate at the time of the announcement, as in the Dornbush (1976) “overshooting”
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model.”™ One can compare the implied exchange rate jump in (9) with the observed change in

the exchange rate during the announcement windows to test the UIP-PPP model.

2.3 What do changes in real U.S. returns imply for yields on foreign bonds?
Are observed changes in foreign bond yields (in the foreign currency) consistent with the
portfolio balance model’s predictions about expected real returns in U.S. goods? The nominal

return in the foreign currency is the real return to the foreign bond in terms of U.S. goods

(/"8 9°°%%) plus the appreciation of the dollar, plus U.S. inflation.
rtfor,FX — rtfor,USgoods + ASt + ﬂgJSD (10)
where rtfor’FX is the nominal return to the foreign bond in a foreign currency, AS; is the change

in foreign currency units per USD, and wZ5? is the U.S. inflation rate. Applying the expectations
and difference operators to (10), the expected change in the foreign nominal return is as follows:
A ErSO = A (ErSOTUS9°°% L A - (EAS, 4 + A (ETUSP (11)

where A,- (E7;/°"U 9°°% is the change in the expected return on foreign bonds in U.S. goods
during the LSAP window(s). The change in the foreign bond’s expected nominal return at an
LSAP announcement is the sum of the changes in the foreign bond’s expected real return in U.S.
goods, the expected appreciation of the USD, and the expected U.S. inflation rate.

To determine if the observed changes in foreign nominal bond yields are consistent with
the portfolio balance model’s predictions about expected real returns in U.S. goods, we can
compare the observed changes in yields with the sum on the right hand side of (11), where the

change in the expected real U.S. return on foreign bonds comes from the portfolio balance

model, relative 10-year BIS zero-coupon bond yields measure expected USD appreciation and

 This jump depreciation is consistent with efficient markets because it occurs immediately and is unanticipated.
The jump depreciation permits both UIP to hold continuously and PPP to hold in the long run. That is, the
overshooting model assumes that financial markets adjust continuously but that goods prices may be sticky.
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observed Treasury inflation-protected securities (TIPS) spreads measure changes in expected
U.S. inflation. All changes are calculated during the LSAP buy announcement windows.

In summary, the portfolio balance and UIP-PPP models make three testable predictions
about asset prices during LSAP windows: 1) U.S. long-bond expected real returns—or their
equivalent in real yields—fall 29 to 150 basis points; 2) the USD jump depreciates according to

equation (9); 3) foreign 10-year, expected real returns in U.S. goods fall 20 to 134 basis points.

3. Methods

Because asset prices react relatively rapidly to “news” that shapes market participants’
views of fundamentals, an event study of the LSAP announcement effects is most appropriate.
Event studies assume that causality runs one way from the announcements to the asset returns.*
That is, policymakers determine the announcement prior to observing asset price movements
within the announcement window; so, the latter changes have no effect on the announcement.

Event studies have often used very high frequency data to precisely measure the rapid
asset price changes usually seen after macro announcements. LSAP announcements might
produce protracted adjustment periods, however. In fact, the announcement literature has shown
that unexpected news or heterogeneous interpretations of news will extend adjustment periods
(e.g., Almeida, Goodhart, and Payne (1998), Love and Payne (2008) and Gagnon et al. (2010)).
For example, Evans (2010) interprets evidence in Carlson and Lo (2006) to indicate that the
market took hours to fully adjust to a surprise Bundesbank interest rate hike. Therefore, this

study will initially consider a relatively long, 2-day window around the announcements before

13 Rigobon and Sack (2004) point out that one way to think about the econometrics of an event study is that, in a
sufficiently short interval around the announcement, the variance of the announcement shock is arbitrarily large
compared with the variance of the shock to the asset price, meaning that the effect of the announcement on the asset
price is identified. Rigobon and Sack (2004) alternatively suggest identifying the responses of asset prices to interest
rate shocks with a heteroskedasticity dependent method. The method is not applicable in the present case because
the monetary policy shock is not easily quantifiable and there are very few data points.
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turning to intraday data for high frequency analysis.*

Typical studies of macro announcement effects pool estimates of reactions across many
events, assuming a constant relation between the unexpected portion of the announcement and
the asset price movement.”” Unfortunately, it is difficult to separately quantify the effect on
expectations of each of the 8 LSAP announcements because one cannot easily measure LSAP
expectations. Some announcements might have been partially expected, and so the surprise
component was small; other events might have induced large expectations of purchases although
no actual purchases were announced. One might think, however, that the combined set of LSAP
announcements correctly informed market expectations about the eventual size of the program.
Therefore this paper considers separate effects for each of the 8 LSAP announcements, as well as
the sum of the “buy” and “sell” effects.

To illustrate the size of the LSAP announcement effects compared with ordinary news, |
compare the LSAP reactions to the historical distributions of 2-day asset price changes. In
addition, | follow Gagnon et al. (2010) in comparing the LSAP effects with those of FOMC
announcements that contain no information about the LSAP. These results—omitted for brevity
— confirm that the LSAP announcements affected yields much more than other FOMC news.

If all changes in LSAP expectations occur within the event windows and the LSAP drives
all changes in expectations during event windows, then the sum of the event window vyield
changes exactly measures the impact of the LSAP. The changes in LSAP expectations outside

the event windows or a non-zero net effect of non-LSAP news within the event window—e.g.,

18 The overall results with 1-day and 2-day windows produced qualitatively comparable inference. The 2-day
changes in yields/prices tended to be of the same sign and larger than the 1-day changes, however, suggesting a
protracted market adjustment to these unusual LSAP announcements. The U.S. Baa and 30-year mortgage yields
and expected U.S. inflation exhibited the largest discrepancies between the 1- and 2-day windows. The U.S. Baa
and 30-year mortgage yields cumulatively fell 26 and 27 more basis points, respectively, during the 2-day windows
than during the 1-day windows. 10-year expected U.S. inflation was particularly volatile, being cumulatively about
45 basis points higher over the 2-day windows than over the 1-day windows.

' Neely and Dey (2010) survey the literature on foreign exchange return reactions to macro announcements.
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macro announcements—could bias the event window sum. For example, if markets anticipated
the LSAP prior to the November 25, 2008, window, then yields would have fallen prior to that
date and the LSAP event sum would underestimate the true fall. Conversely, if markets falsely
expected significant extensions of the LSAP at the final buy announcement, then the LSAP event
sum would overstate the true LSAP effect.

How important are these biases? First, the initial LSAP release seems to have been
largely unexpected; the bond market reaction was sizeable and news reports did not mention that
it was anticipated. Second, it is difficult to find clear evidence of falling LSAP expectations after
the final buy announcement on March 18. Third, analysis of high frequency data shows that the
LSAP events dominated systematic asset price movements during the event windows, despite the
presence of news events during the LSAP windows. The event window sum is an imperfect
measure of the LSAP’s effects—and one can argue about what events to include or how big to

make the windows—but it is a reasonable measure.

4. The Data
The Bank for International Settlements (BIS) provided daily data on U.S. and foreign 10-

year zero-coupon interest rates and short-term rates. Haver Analytics provided further daily
bond yields, U.S. TIPS-implied inflation expectations, daily exchange rates, and equity prices.
The long-term interest rates were the U.S. 10-year Treasury, constant-maturity yield, Moody’s
Baa yield, the Wall Street Journal’s 30-year fixed mortgage rate, and the Australian, Canadian,
German, Japanese and U.K. 10-year government bond yields. The daily exchange rate data on
the AUD/USD, CAD/USD, EUR/USD, JPY/USD, and GBP/USD were from the H.10 release,
recorded at the New York close. The daily equity index data were from the U.S. 