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Abstract

U.S. dollar exchange rates are predictable by U.S. bond yields in the weeks around
monetary policy announcements, rising following an increase in yields. In the post-
zero-lower-bound period, the information in the “path” factor that reflects forward
guidance surprises is impounded in the exchange rate over five days following the
FOMC meeting. Using data on currency order flows, we trace out the channel for the
delayed adjustment of exchange rates to monetary news. Foreign exchange dealers
increase dollar purchases immediately following a monetary tightening, while funds
and non-bank financial institutions do so with a 3-5 day delay; banks serve as liquid-
ity providers by supplying dollars. These flows explain much of the exchange rate
predictability that we document. Decomposing the daily change of exchange rate into
news about future interest rate differentials, excess returns, and inflation, we find that
a surprise future tightening of U.S. monetary policy raises all components: expected
future returns, interest rate differentials, and long-run differential between U.S. and
foreign inflation.
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1. Introduction

The apparent disconnect of exchange rates from macroeconomic fundamentals is one of
the central and long-standing puzzles in international economics.! The transmission of
monetary policy to exchange rates, in particular, is not well-understood.> In this paper
we provide novel evidence on the transmission of news about the path of U.S. monetary
policy embedded in Treasury bond yields into the U.S. dollar exchange rate. In particular,
we identify the channel of this transmission by linking monetary policy shocks to currency
flows, which are known to predict exchange rates at high frequencies. We demonstrate that
financial flows into the U.S. dollar build up over five days following the Federal Reserve
policy announcement, resulting in a delayed reaction of the exchange rate, relative to that
of the U.S. bond yields.

We begin by documenting a novel and surprising fact that U.S. dollar exchange rate
vis-a-vis other developed currencies is strongly predictable at weekly frequency by lagged
changes in the U.S. treasury bond yields. In particular, an increase in U.S. yields pre-
dicts an appreciation of the U.S. dollar over the subsequent five business days (Thursday
to Wednesday). This evidence is puzzling, since the “traditional” view that assumes un-
covered interest-rate parity (UIP) implies an on-impact appreciation of the dollar followed
by a slow depreciation over time, while the “modern” view that time-varying currency
risk premia explain the empirical failure of the UIP typically relies on predictive variables
that fluctuate at business cycle frequencies, such as interest rate differentials (or forward
discounts).?

A potential role for monetary policy is hinted by the fact that most of FOMC meetings
in our sample end on Wednesdays. In fact, we show that our exchange rate predictability
evidence only holds in weeks that span FOMC meetings, when weekly yield changes are
mainly driven by the FOMC announcements. We employ the measures of monetary policy
surprises of Nakamura and Steinsson (2018) and Giirkaynak, Sack and Swanson (2005) as
well as Swanson (2021) to study the different dimensions of monetary policy transmission
to exchange rates.* We find a very strong impact of US monetary policy shocks on the

'In a classic study Meese and Rogoff (1983) document that it is hard to forecast or even explain the
change of exchange rates with macroeconomic fundamentals. Mark (1995) and Engel et al. (2007) document
the medium- and long-horizon predictability of exchange rates with long-maturity interest-rate differentials.
Evans and Lyons (2002) and Froot and Ramadorai (2005) find that net currency order flow can explain
exchange rates, especially at very high frequencies. See Rossi (2013) for an extensive survey.

2Eichenbaum and Evans (1995) document that an easing monetary policy shock depreciates US dollar
with a substantial delay. A number of authors study the effect of FOMC announcement on exchange rates
directly (see Andersen et al. (2003, 2007), Faust et al. (2007), Wright (2012), Rogers, Scotti and Wright
(2014, 2018), Swanson (2021)).

3 A large literature following Fama (1984) demonstrates that higher interest rate currencies tend to appre-
ciate in the future, which implies a violation of UIP and existence of time varying currency premia. Lustig,
Roussanov and Verdelhan (2014) document counter-cyclical properties of currency risk premia from the per-
spective of a U.S. investor and substantial predictability of the U.S. dollar at monthly-to-yearly frequencies.

4One of the advantages of the monetary policy shocks in Swanson (2021), in particular, is the separation



U.S. dollar exchange rate at daily frequency, both “on-impact” and in the days immedi-
ately following FOMC announcements. The tightening shocks captured by either “target”
or “path” monetary policy surprise measures are followed by appreciation of the U.S. dol-
lar. More specifically, we find that “target” surprises can predict exchange rates over the
following four days during the 2000-2008 time period, while “path” surprises can pre-
dict the USD outside of the period when zero lower bound (ZLB) on the interest rates is
binding, specifically before 2008 and after 2015. In particular, we find strong predictability
with the “path” factor after the ZLLB period, which is strongest for the cumulative exchange
rate change over five trading days after FOMC announcements.

In order to better understand this evidence of exchange rate predictability we use a
novel dataset of currency order flows from CLS Group, one of the largest foreign exchange
settlement systems.’ Our aim is to trace out the pass-through of monetary policy shocks
to exchange rate by analysing the trading behavior of institutional investors and other cur-
rency market participants following FOMC announcements. Our data, which is available
at hourly frequency, starts in 2012 and ends in 2019, which means that we can analyze the
pass-through of monetary policy shocks during both the ZLB and the “lift-off” periods.

In standard frictionless New-Keynesian models monetary policy is transmitted interna-
tionally immediately following policy decisions. In contrast, in the “intermediary” view,
monetary shocks are propagated through the balance sheets of financial institutions that
are marginal in the domestic and foreign capital markets. In our data we can identify
high-frequency currency flows between foreign exchange dealers and several key classes
of market participants: banks, non-financial corporations, funds (e.g. mutual funds or
certain pension funds) and non-bank financial institutions (e.g. insurance companies, en-
dowments, etc.) We find that the FX dealer flow responds strongly to the FOMC policy
announcements. In particular, immediately following a tightening shock to the “path” of
U.S. interest rates, the U.S. dollar flow out of banks, which serve as liquidity providers,
is strongly negative, indicating a greater demand for U.S. dollars by global FX dealers (as
well as their clients, such as hedge funds). As this increased demand continues over the
several days following the FOMC announcements, other market participants, such as funds
and non-banks, also show increasing demand for dollars that peaks between three and five
days after the monetary announcement, flattening out afterwards. We show that these pat-
terns are strongly dependent on the magnitude of the forward guidance surprise and, at
the same time, predict exchange rate appreciation over the following days. This evidence
indicates that the demand by financial institutions for the U.S. dollar increases following
monetary tightening shocks, yet it is only partially anticipated by the intermediaries (FX
dealers), which results in the delayed transmission of this demand into the exchange rates.

of forward guidance and QE effect during ZLB pointed out by Bernanke (2020).

Based on this dataset, Cespa et al. (2022) find that FX volume predicts currency returns. Ranaldo and
Somogyi (2021) also find currency predictability with order flow, especially from institutional investors in
the FX market. Using higher frequency data from CLS, Hasbrouck and Levich (2019, 2021) highlight the
central role of FX dealers in currency markets.



Finally, we decompose the change of exchange rate into different components based
on a daily VAR estimation following Froot and Ramadorai (2005), Engel (2016) and
Stavrakeva and Tang (2019). We find that the expected path of currency excess return
news plays the dominant role in the impulse response of exchange rate changes to mon-
etary shocks, while news about future real interest rate differentials and future long-run
inflation differentials largely offset each other. Consistent with our currency-predictability
as well as the flow-based evidence, the shape of impulse response of the change of the
exchange rate attributed to changes in the future expected returns achieve its peak around
five trading days after FOMC announcements.

Our paper is closely related to the classic literature on the forward premium/UIP puz-
zle and “delayed overshooting” of exchange rates, e.g. Eichenbaum and Evans (1995).
Froot and Thaler (1990) suggest that gradual portfolio adjustment in response to interest
rate changes could solve the UIP puzzle, while Eichenbaum and Evans (1995) show that
exchange rates do react with a delay in the “right” direction (consistent with UIP) but end
up “overshooting” in the longer run. Bacchetta and Van Wincoop (2010) further explain
the forward discount puzzle and delayed overshooting of exchange rates by the infrequent
portfolio adjustment of investors. However, we find that the time period over which the
relevant investors (e.g. funds and non-bank financial institutions) adjust their portfolios is
dramatically shorter, at least in response to monetary policy shocks, than is considered in
this literature (a few days, as opposed to quarters).

Moreover, given the observed immediate response of FX dealers, which are typically
large global banks and similarly well-capitalized financial institutions, it might appear puz-
zling that their actions are not enough to fully impound the relevant information into the
exchange rates on impact. Our evidence appears to support theories of limits of arbi-
trage that build on Shleifer and Vishny (1997). In particular, Greenwood et al. (2020) and
Gourinchas, Ray and Vayanos (2021) develop dynamic models to study the joint effect of
monetary policy on bond term premia and currency premia based on investors’ portfolio
adjustment. Empirically, Evans and Lyons (2002) and Froot and Ramadorai (2005) find
that net currency order flow can explain large proportion of variations of exchange rates.
Hau and Rey (2006) and Hau, Massa and Peress (2010) provide the direct evidence that
net equity flows into the US market are positively correlated with the appreciation of US
dollar. Gabaix and Maggiori (2015) emphasize the central role of financial intermediaries
with limited risk taking capacities in the determination of exchange rates. Similarly, It-
skhoki and Mukhin (2021) also emphasize the role of FX dealers in the intermediation of
currency markets. Mueller, Tahbaz-Salehi and Vedolin (2017) rely on a model based on
Gabaix and Maggiori (2015) to explain the average excess returns of a host of different
currencies against the U.S. dollar on FOMC announcement days.

Our paper is also related to a growing empirical literature on the impact of unconven-
tional monetary policy on exchange rates. During the 2007-2009 global financial crisis,
the Federal reserve lowered the federal fund rate in the response to extreme credit mar-
ket disturbance. When the policy rate is close to the zero lower bound (ZLB), forward



guidance and quantitative easing (QE) are the two new tools used by Federal Reserve and
other central banks (Bernanke (2020)). Bauer and Neely (2014) and Neely (2015) find that
QE announcements spill over to international long-term bond yields and exchange rates
for several developed economies vis-a-vis US dollar. Chari, Dilts Stedman and Lund-
blad (2021) examine the impact of QE and “taper tantrum” shocks on global capital flows
and exchange rates in emerging markets. Miranda-Agrippino and Rey (2020) and Rogers,
Scotti and Wright (2018) employ Bayes structural vector autoregression (SVAR) with ex-
ternal instruments to identify the effect of “forward guidance” on exchange rates. While
Stavrakeva and Tang (2019) show some puzzling findings during global financial crisis,
1.e., an easing “path” monetary surprise is associated with US dollar appreciating. They
impute this finding to the “flight to safety” effect during the global financial crisis. To the
best of our knowledge ours is the first paper to provide direct evidence of exchange rate
predictability with monetary surprises, in particular related to forward guidance.

Compared to “target” or “LSAP” surprises, the “path” factor might be more difficult for
market participates to interpret. This is consistent with the view in Giirkaynak, Sack and
Swanson (2005), who find that it takes markets time to impound news about the future path
of rates contained in FOMC statements, but it takes almost no time to impound news about
the current target, or news about quantitative easing. The limits of arbitrage theory implies
that the investors react to the path surprise gradually, which can explain the gradually
growing of trading volume and associated gradual appreciation of U S dollar. Our findings
are also consistent with the six puzzling empirical facts about the relationship between the
exchange rates and bond yields listed in Bacchetta and Van Wincoop (2021). First, our
finding is consistent with the forward discount puzzle: the currency experiencing a rise in
interest rates tends to appreciate subsequently (albeit over a short time window). Second,
we also find the delayed overshooting of exchange rates following a monetary surprise.
Finally, we also find the forward guidance puzzle: the exchange rate is more strongly
affected by expected interest rates in the near future than in the distant future, which is
found in Gali (2020).

This paper proceeds as follows. Section 2 provides the basic data description and sum-
mary statistics. Section 3 presents the evidence of exchange rate predictability following
monetary policy surprises across different sample periods. Section 4 links this predictabil-
ity evidence to trading volume. Section 5 analyzes the predictability based on VAR esti-
mation. Section 6 provides robustness checks for the main results. Section 7 concludes.

2. Data and Summary Statistics

In this section, we describe the source of data used in the paper and provide some basic
data summary statistics. More related information can be found in the Appendix.

Our data of bond yields and exchange rates are from Datastream with the sample pe-
riod from January 1994 through October 2023. The currency order flow data is from CLS



Group for sample period 09/03/2012-02/30/2020. We use the monetary surprises in Naka-
mura and Steinsson (2018) and Swanson (2021) to measure US monetary policy shocks.
The following subsections provide a quick overview of variables construction, including
yields change, currency excess returns, the information on FOMC meetings, normalized
currency order flow and monetary policy shocks.

2.1 Exchange Rates and Yield Factors

We obtain US yields rates across different maturities and Thomson Reuters daily spot
mid exchange rates of G10 currency pairs from Datastream over the period: 01/03/1994—
02/28/2020. Following tradition, we focus on the G10 currency pairs: AUD, CAD, CHF,
EUR, JPY, NOK, NZD, SEK and GBP quoted against the US dollar. The daily timestamp
of Thomson Reuters currency data is 5pm EST. Since daily US bond yields data is released
at 4:15pm from Monday through Friday by New York Fed, to avoid the time overlapping
issue for predictive analysis, we use Thomson Reuters daily exchange rates data instead of
WMR daily exchange rates data, which is usually collected at 11am EST.

We denote the log spot prices as si quoted in units of foreign currency i per one US
dollar at time t. The arise of s! stands for the appreciation of US dollar. The simple
currency return of holding USD from ¢ — j to ¢ is defined as the log difference of spot
prices:

sz;—j—n =5 — Sz—j' (D

We define the US dollar index (USID) as the simple average of change of exchange
rates across G10 currency pairs. Following Nakamura and Steinsson (2018), we further
construct two yields factors to approximate daily monetary surprise over different horizons.
The short-term yields factor is the equal-weighted average of daily US 3M, 6M, 1Y, 2Y
yields changes, which measures the forward guidance of US monetary policy. The long-
term yields factor is the the equal-weighted average of daily US 3Y, 5Y, and 10Y yields
changes, which measures the surprise of future path rates beyond the near-term. Table 1
provides data summary statistics of daily yields and exchange rates.

[Insert Table 1 about here]

2.2 Monetary Policy Shocks and Regimes

The whole sample period for short-term yields is from 02/04/1994 to 01/19/2020, which
includes 205 FOMC meetings (excluding 9 meetings between Aug 5th 2008 and Jun 24th
2009 during global financial crisis (GFC)). In this paper, we employ the monetary policy
shocks in Nakamura and Steinsson (2018) and Swanson (2021) directly. For the monetary
shocks in Nakamura and Steinsson (2018) (hereafter, NS), the sample period is from Feb
2nd 2000 to Sep 18th 2019, which includes 150 meetings. Swanson (2021) constructs three
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monetary factors by extending the procedure in Giirkaynak, Sack and Swanson (2005)
(hereafter, GSS) with the whole sample period is from Fed 4th 1994 through Jun 19th 2019
including 200 meetings. The first shock captures the surprised shocks of target rate, which
is the “target” factor; the second one is the “path” factor, which can capture the forward
guidance effect as NS monetary policy shock; the third one is new relative to Giirkaynak,
Sack and Swanson (2005), which measures the effect of large scale asset purchase (LSAP)
or QE announcements during ZLLB. We match these two sets of monetary policy shocks
based on NS time stamp since 2000.°

We further study the impact of monetary policy on exchange rates in several monetary
policy regimes. Since the Fed began to use forward guidance since 2000,” we first divide
the whole sample into the periods before and after 2000. We define the first Zero Lower
Bound (ZLB) period from Dec 17th 2008 through Dec 16th 2015, and the second ZLB
period from March 31th, 2020 to April 29th, 2022. Accordingly, the first post-ZLB period
from Dec 17th 2015 until the onset of Covid-19 and the second post-ZLB period from May
Ist 2022 until the end of sample period.

For the magnitude of monetary policy shocks, Nakamura and Steinsson (2018) rescale
NS shock such that its effect on the one-year nominal Treasury yield is equal to one.
Giirkaynak, Sack and Swanson (2005) and Swanson (2021) follow the standard practice of
normalization in PCA such that each factor has unit variance and are positively correlated
with yields changes. In this paper, to make the magnitude of regression results comparable
from two sets of monetary policy shocks, we amplify NS shocks by 100 times and keep the
original magnitude of GSS shocks. We also provide some summary statistics of monetary
policy shocks in Table 1.

2.3 Currency Order Flow Data

Our currency order flow data is from CLS Group, a major foreign exchange settlement
platform, accessed via Quandl. CLS Group categories market participants into price tak-
ers and market makers. Based on the documents from CLS, the term “price taker” is
used interchangeably with the term “buy side”, and the term “market maker” is used in-
terchangeably with the term “sell side,” the latter essentially representing FX dealers. In
particular, CLS classifies market participants into “corporates,” “funds,” “non-bank finan-
cial firms,” and “banks” based on static identity information. In addition, all corporates,
funds and non-bank financial firms are labeled as price takers, while bank sector includes
both price takers and market makers. However, while the vast majority of volume is trans-
actions between banks, banks’ order flow is not directly provided in order to avoid double
counting of transactions, since much of the inter-dealer volume is transactions offsetting or

Swe exclude 6 conference calls in GSS (01/03/2001, 04/18/2001, 08/10/2007, 08/17/2007, 01/22/2008
and 03/11/2008) and 9 meetings in GSS from Aug 5th 2008 to Jun 24th 2009, which is defined as GFC.

Thttps://www.federalreserve.gov/faqs/what-is-forward-guidance-how-is-it-used-in-the-federal-reserve-
monetary-policy.htm



hedging end user flows. Instead, what is reported is transactions between a market maker
(i.e. a dealer) and a price taker bank. The aggregate volume is thus the sum of the 3
“buy side” sectors’ volume plus the “price taker bank™ volume that is also counted as “buy
side.” We further aggregate the volume of fund and nonbanks sectors together and define it
as “fund+nonbanks” sector, which results in six categories used in our empirical analysis:

99 ¢

“aggregate”, “banks”, “corporates”, “funds”, “nonbanks,” and “fund+nonbanks”.

Similar to Evans and Lyons (2002), Froot and Ramadorai (2005) and Menkhoff et al.
(2016), we calculate the net dollar buying as the difference of “buy” and “sale” order
flows in units of USD for each category, separately. Specifically, for currency pairs in
the CLS data, such as AUD/USD, EUR/USD, NZD/USD and GBP/USD, a “buy” order
means “buying foreign currency and selling USD”, while a “sell” order means “selling
foreign currency and buying USD”. Hence, after translating the units of order flows into
USD, the net dollar buying volume of AUD/USD, EUR/USD, NZD/USD and GBP/USD
is defined as “sell” minus “buy” order flow. See Appendix Section 8.1 for more detail.

Since daily order flow is rather volatile, we normalize the daily aggregate order flow
data following Froot and Ramadorai (2005) and Menkhoff et al. (2016): with the associated
standard deviations via a rolling scheme over a 60-day window as follows

—~ vol; 4
vol; = ————,
g (UOlz‘,t—59;t)

2)

where 1;gli,t denotes order flow for sector 7 standardized over a rolling window, vol, ; de-
notes the raw order flow data, and o (vol; ;—59.) is the rolling standard deviation of flows
with over a 60-day window, skipping days without order flow data, such as Christmas and
New Year. Finally, we provide summary statistics for the order flow data in Table 2.

[Insert Table 2 about here]

3. Exchange Rate Predictability

3.1 Weekly predictability

In this section, we consider the weekly (Wed to Wed) predictive regression of yields factors
to USD and report the associated results in Table 3. We find the strong predictability of
yields factors to USD. From the second panel in Table 3, the weekly predictability mainly
comes from FOMC weeks instead of non-FOMC weeks. From the last panel in Table 3,
we further notice that the predictability mainly comes from FOMC days instead of non-
FOMC days within the corresponding FOMC weeks. More importantly, we can find the
very strong weekly predictability Post ZLB. For the sample period before ZLB (2000-
2008), the predictability is relatively weaker than the predictability post ZLB. While for
FOMC weeks during ZLB period, the predictability is particularly strong before 2012, but
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disappears after 2012. This is consistent with the findings in Swanson and Williams (2014)
and Gilchrist, Lopez-Salido and ZakrajSek (2015). They document that monetary policy
was likely to have been about as effective as usual from 2008 to 2010, since one or two
years maturity yields responded to economic news throughout this period. However, by
the end of 2011, the two-year Treasury yield has largely stopped responding to news as
result of the binding ZLB constraint.?

[Insert Table 3 about here]

Finally, from the unreported results, we find that there is no any predictability in quar-
terly and monthly frequency, weekly for other days (like Monday to Monday et.al) or daily
horizons.

3.2 Daily Predictability

Motivated by the finding of weekly predictive regression in Table 3, we further estimate
the IRFs of exchange rates to monetary surprises with local projection in Jorda (2005) as
follows.

AUSDy i = o + Brvy + €4n, (3)

where AUSD, 4y, is the cumulative change of USD h days after a FOMC announcement
at time ¢, and z; is the change of yields factors or monetary policy shocks on FOMC days.

We report all the results in Table 4-5 with sample since 1994. First of all, for sample
period after 2000, we can find very strong comovement of both NS and GSS “path” sur-
prises with the change of exchange rates on the corresponding FOMC days. While there is
no significant comovement before 2000. This is consistent with the fact that Fed began to
use forward guidance since 2000 as mentioned above.

[Insert Table 4-5 about here]

Moreover, we find the strong predictability of “target” surprise after 2000 and before
ZLB (August, 2008) in Table 4. The “target” factor can predict the next four following
days’ cumulative change of exchange rates and achieve the peak at the third day after the
announcement. While, for the same period, “path” factor only predict one day following
the announcements. It is worth noticing that NS monetary policy shocks also predict the
next following three days’ change of USD and achieve the peak, this is due to the fact that
NS monetary surprise is the average of “target” factor and “path” factor in GSS, which is

8Swanson and Williams (2014) provide two explanations for this finding. First, up until August 2011,
market participants expected the zero bound to constrain policy for only a few quarters, minimizing the zero
bound’s effects on medium- and longer-term yields. Second, the Fed’s large-scale purchases of long-term
bonds and management of monetary policy expectations may have helped offset the effects of the zero bound
on medium- and longer-term interest rates.



emphasized in Bauer and Swanson (2021). Therefore, for the period after 2000 and before
Z1B, we can conclude that the predictability of NS monetary surprise mainly comes from
the component of GSS “target” factor , instead of GSS “path” factor.

Importantly, we find surprisingly strong prediction of “path” surprise to the change
of USD Post ZLB period in Table 5, and the predictability spikes five trading days after
the announcements. First of all, this finding can justify the weekly results in Table 3:
the predictability post-ZLB is from the yields changes on FOMC announcement days.
Second, by comparing the predictive results from GSS “target” with GSS “path” factors
and recalling the fact that the shocks of NS shock is the average of GSS “target” and “path”
factors, we can conclude that the predictability of NS shock mainly comes from “path”
factor in GSS for the period Post ZLB. This can also explain the stronger predictability of
GSS “path” factor to USD than NS shocks.

Unlike the pure monetary surprises from the high frequency data, the predictability of
short-term factor achieves the peak four trading days after the announcements due to other
noisy terms of daily yields factor changes. Finally, it is an interesting finding that long-
term yields factor also has predictability, while the “LASP” factor cannot. This indicates
that the predictability of long-term yields to USD comes from the Fed’s forward guidance,
which can affect the future path of fed fund rates. While it is not relevant to the Fed’s
purchase of long-term bond during this period. In the following sections, we will study
the impact of monetary surprise on yields factors directly. This finding is consistent with
Hanson and Stein (2015), where they find that the “path” factor can affect the risk premia of
long-term bonds. In addition, this finding is consistent with the forward guidance exchange
rate puzzle in Gali (2020): the exchange rate is more strongly affected by expected interest
rates in the near future than the distant future.

We further find that the predictability of short term yields factor is stronger and longer
than monetary surprises for the post-ZLB period. For instance, during this period, predic-
tive horizon for short yields is six trading days, while predictive horizon of GSS path is
five trading days. One of the explanations is that yields factor changes on FOMC days also
include the information from other macro announcements or news, which can also lead to
the prediction to USD.

Finally, our findings are related to and consistent with three puzzling facts in the liter-
ature: forward discount puzzle in Fama (1984): high interest rate currencies have higher
expected returns over the near future; delayed overshooting puzzle in Eichenbaum and
Evans (1995): a monetary contraction that raises the interest rate leads to a period of grad-
ual appreciation, followed by gradual depreciation, albeit at a lower frequency than what
we find; forward guidance exchange rate puzzle in Gali (2020): the exchange rate is more
strongly affected by expected interest rates in the near future than the distant future.
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4. Currency Order Flow and Exchange Rates

4.1 Currency order flows predictability

In particularly, we focus on the period of post-ZLB, when the predictability is the strongest.
To further explain the predictability, we trace out the dynamic effect of monetary policy
shocks on the normalized order flow volume by local projections as follows.

VOl 4t h = O + Bry + Megn, 4)

where 170/11-715%% is the cumulative normalized order flows A days after FOMC days and
x; 1s the FOMC days’ change of yields factors or monetary policy shocks. Since the order
flow data is available since Sep 3rd, 2012, our analysis mainly focuses on this sample
period.

[Insert Figure 1 about here]

In Figure 1, we report the IRFs of different variables to monetary policy shocks after
announcement days.’ The red solid line is the IRFs of USD to monetary policy shocks and
short-term yields factor, and the dark area is the associated 95% confidence interval. The
green and blue dashed lines are the IRFs of fund and non-bank and bank net dollar buying
volume to monetary policy shocks and short-term yields factor, and the shade area is the

respective 95% confidence interval area for order flows.'?

The results in last column are consistent with the regression results in Table 5 for the
same period (Post ZLB). We find that the IRFs of USD peak around five trading days after
FOMC announcements. Similarly, we find that net dollar buying volumes of both the bank
sector as well as the fund and non-bank sectors also strongly respond to the “path” mon-
etary surprises. Across different proxies for the path surprise, we can always find that net
trading volume of the bank sector achieves the trough around 5 trading days after FOMC
announcement, then stays constant around 15 trading days and appears to revert to the
trend around 25 trading days after FOMC announcement, although there is no significant
reversal to zero for USD’s impulse response to monetary policy shocks. Importantly, net
dollar buying volume of the bank sector responses in the opposite direction, compared to
the responses of USD and fund and non-bank sectors. That is, “banks” sell the US dol-
lar following a tightening announcement, potentially providing liquidity for the buyers of
dollar-denominated assets such as hedge funds and other “real money” institutions (while

°In the graph, to make the magnitude comparable, we amplify the coefficients of volume’s IRF to MP
shocks by 2.

19To make it comparable, the magnitude of coefficients of volume are amplified by 2 times. For NS, it
is from Sep 13th 2012 - Sep 18th 2019 (57 meetings). For short-term yields, the whole sample is from Sep
13th 2012 -Jan 29th 2020 (60 meetings). For GSS, the whole sample period is from Sep 13th 2012 - Jun 19th
2019 (55 meetings). The whole sample is split into two subsamples before and after Dec 16th 2015: ZLB
(including 27 meeting) and Post ZLB.
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we do not observe who initiates the trades, it is possible that FX dealers - i.e. “market
makers” in the CLS data - source US dollars from other banks in anticipation of demand
from institutional clients such as hedge funds).

Figure 1 shows that the total net volume of fund and non-bank sectors responds to
monetary policy in the same way as does the USD exchange rate. The peak of the effect can
be observed about 20 days after the announcement. The effect of the Fed’s announcements
on the demand for US dollars and the trading volume of foreign exchange lasts longer for
funds and non-banks than for banks, again suggesting that banks play the role of temporary
providers of USD liquidity.

The effect of the Fed’s announcements on the demand for US dollars is stronger when
they are based on the expected path of future interest rates (GSS path”) than when they
are based on the current level of interest rates (which is included in NS). This is because
the expected path captures the pure effect of forward guidance, while the current level of
interest rates may also reflect other macroeconomic information that affects the demand for
US dollars. The effect of the Fed’s announcements on the demand for US dollars and the
trading volume during the post-FOMC days disappears, at least in terms of statistical sig-
nificance, when the short-term interest rates are at zero (ZLB period), which is consistent
with the finding in Table 5.

[Insert Figure 2 about here]

In Figure 2, we report the IRFs of USD, normalized net buying volume of US dollar
for bank sectors and the sum of net dollar buying volume of fund and non-bank sectors.
For FOMC days’ USD and order flow volume, we only include the value after 2pm for
each announcement. It is not surprising that the full impact of monetary policy shocks
on all of the variables is larger if we include the value on FOMC announcement days,
given the much stronger comovement on the FOMC announcement days. Similarly, we
can also observe that increasing response of USD to “path” monetary surprises, which
achieves the peak five trading days after announcements. An interesting finding is that the
net bank trading volume responds to the monetary surprises significantly negatively for the
five trading days and stays stable for 15 days before starting to recover, which is consistent
with the evidence in Figure 1. Another interesting observation is that the response of USD
to monetary shocks lasts longer than the responses of FX dealers’ net dollar buying, which
lasts for about 15 trading days after the announcement. This can be explained by the
fact that the impulse response of trading volume of fund and non-bank sectors are more
persistent.

Overall, this evidence is consistent with the view of an imperfect FX market that em-
phasizes the role of FX dealers in the determination of exchange rates, i.e., higher net dollar
demand in currency market absorbed by FX dealers pushes up the relative value of the US
dollar (e.g., Hau and Rey (2006) , Gabaix and Maggiori (2015), and Itskhoki and Mukhin
(2021)). While the dealers might be reacting to the monetary policy “on impact,” as ev-

12



idenced by the aggregate and bank flows on the FOMC announcement day, their actions
are not sufficient to fully impound the news into the level of the exchange rate, leading to
the drift in the subsequent several days.

4.2 Currency order flows and exchange rates

To further explore the source of predictability, we report the contemporaneous and predic-
tive regression results in Table 6-12. As Froot and Ramadorai (2005) and Menkhoff et al.
(2016), the value of order flow data is normalized by the past 60 days’ standard deviation.
Hence, the interpretation of the magnitude of order flows’ responses to monetary policy
surprise is meaningless. We only focus on the statistical significance of the regression
results.

In Table 6, we find the strong comovement of USD with yields factors and also the
“path” factor. The “LSAP” factor has a much larger impact on exchange rates during
ZLB than Post ZLB, which is consistent with the fact that quantitative easing is a pol-
icy tool used by the Fed mainly during ZLB periods. Another important observation is
that exchange rates’ response to the short-term yields is stronger than the responses to ex-
tracted monetary policy shocks. One possible explanation can be that there is other macro
information outside ZLB, which generates stronger predictability of exchange rates with
short-term yield factors.

[Insert Table 6 about here]

More importantly, we conclude that the predictability of monetary policy to USD can
be explained with the currency flow data as in Figure 1. First, we can find the strong
comovement of order flows with yields factors and “path” factor. This can be explained
by that the tightening monetary policy surprise raises the bond yields, which triggers the
immediate capital inflows to US. The significant negative comovement between net trading
volume of FX dealers and monetary surprises further verifies this point. This negative
association is consistent with the role of FX dealers as liquidity providers, which means
a tightening path surprise trigger the capital inflows from foreign investors to US, hence
FX dealers provides more dollar liquidity inthe currency market. Meanwhile, there is a
strong comovement between the net dollar buying volume of FX dealers and USD for both
FOMC and non-FOMC announcement days. This finding is consistent with the empirical
results in Evans and Lyons (2002) and Froot and Ramadorai (2005), where the net dollar
buying volume can explain large proposition of variations of exchange rates.'! At the same
time, this finding also provides the direct empirical evidence of the model implication in
Gabaix and Maggiori (2015) and Itskhoki and Mukhin (2021). We should notice that R?
of net trading volume to USD for FOMC days is much larger than the non-FOMC days

First, net dollar buying volume data, no matter sign or normalized one, can never predict USD, but they
comove together. This is consistent with Evans and Lyons (2002) and Froot and Ramadorai (2005).
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for both ZLB and Post ZLB period. On the FOMC days, 32.25% for ZLB and 13.60%
for Post ZLB, indicate that net trading volume can explain larger proposition variations of
exchange rates. The smaller R? Post ZLB indicates there are more other factors affecting
exchange rates on FOMC days post-ZLB period.

For the first day after the announcements, we only find the predictability Post ZLB for
“path” factors in Table 7. Again, the predictability of yields factors also comes from the
impact of “path” factors. Meanwhile, path surprise has very strong predictability to the
following day’s net dollar buying volume of bank sectors, and the magnitude (-7.48) is
even larger than FOMC announcement days (-6.41). The negative sign of the coefficient
is consistent with the fact that the net positive capital inflows to US appreciate US dollar.
This can also be reflected in the negative comovement between USD and banks’ net dollar
buying volume. Finally, we cannot find the significant reactions of other sectors’ order
flows to the monetary surprises.

[Insert Table 7 about here]

For the two to five days after the announcement reported in Table 8-11, we can also find
strong reaction of USD following the path surprise, with the cumulative magnitude of co-
efficients growing from (32.02) to (56.30), and comovement between USD and net trading
volume of banks becoming stronger (reaching -2.95 and then declining to -1.12). Again,
the negative signs are consistent with the finding on FOMC announcement days. More-
over, since three days after announcements, monetary surprises can predict the following
three days cumulative trading volume of fund and non-bank sectors, and meanwhile, the
net dollar buying of fund and non-bank sectors comoves with USD positively. The pre-
dictability of monetary surprises to net dollar buying of fund and non-bank sectors become
stronger, which is consistent with the IRFs in Figure 1 and Figure 2. Compared to bank
sector, the slower reaction of fund and non-bank sectors to monetary policy surprises can
be explained by the fact that most of hedge funds or currency speculators are not members
of CLS, so CLS cannot record their trading volume in fund or non-bank sectors. Mean-
while, since the trading volume of fund and non-bank sectors is relatively small, both of
these can help explain the predictability of fund and non-bank sectors trading volume to
USD .

[Insert Table 8-11 about here]

In addition, we find that “target” factor can drive USD on FOMC days during ZLB
period, however, the magnitude of yields change during this period is much smaller such
that it does not induce any (detectable) capital flow.

[Insert Table 12 about here]
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Finally, we also report the results from the 2pm-5pm window on FOMC announce-
ments days in Table 12. We can also find the strong responses of USD to monetary path
surprise both during the ZLB and the post-ZLB periods, which means exchange rates ad-
just to monetary policy without delay. We also observe strong predictability of the net
trading volume of both bank and non-bank sectors with the monetary surprise, and the
strong comovement of USD and these two sectors’ net dollar buying. There is no any re-
sponse to target or “LSAP” surprise of either USD or net trading volume even at the hourly
frequency.

4.3 Post-announcement yield factors control

Given the strong comovement of USD and trading volume as seen in the bottom of Table
6, a natural question is: does the predictability of USD with the “path” factor of monetary
policy come from the the delayed reaction of FX markets to yield changes, or by the
delayed reaction of yields themselves? Put differently, does the predictability come from
the investors’ reaction to the post-announcement yields change induced by the monetary
policy shocks? To answer this question, we consider the same regression as in (3) by
controlling the contemporaneous short-term and long-term yields factors.

AUSDy i1 = o + Binxe + BopAystirn + BsnAylisin + €, 5)

where AUS D, ., is the cumulative USD change h days after FOMC days, x, is the FOMC
days’ yields factor change or monetary policy shocks, and Ays; v, and Ayl; 4y are the
cumulative changes of short-term and long-term yields factors i days after FOMC days,
respectively.

[Insert Table 13 about here]

We report the associated results in Table 13. Importantly, we find that the contempo-
raneous short-term or long-term yields cannot explain the change of exchange rate after
FOMC announcements for the post ZLB period. First of all, “target” surprise cannot pre-
dict or even explain the fluctuation of exchange rates. Combining with the results based
on NS shocks, we can conclude that predictability comes from “path” factor. Meanwhile,
both short-term and long-term yields factors on FOMC days show very strong predictabil-
ities because the large proportion of variations of yields factors on FOMC announcement
days can be captured by monetary policy surprises. To further examine the source of pre-
dictability, we consider the following set of regressions:

Ay in = o + By + €, (6)

where Ay, 4, is the h days after FOMC days’ cumulative short-term or long-term yields
change and x; is the monetary policy shocks.
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[Insert Table 14 and 15 about here]

We report the associated results in Table 14 and 15. By recalling that the three fac-
tors from GSS are orthogonal to each other, hence, we can conclude that large proportion
of variations of yields factors on FOMC announcement days can be captured by mone-
tary policy surprises. For instance, the three shocks can explain nearly 90% variations of
short-term yields and almost all the variation of long-term bonds during ZLB period. In
contrast, the shocks can explain around 70% of short-term yields’ the variation and 60%
of long-term yields Post ZLB. Meanwhile, “path” factor can explain much larger propor-
tion variation of short-term bond yields than other shocks. However, we cannot find the
evidence that the “path” factor can predict the following days’ yields change, which means
that the bond market absorbs the associated monetary shocks on FOMC announcement
days immediately. During ZLB, “LSAP” factor can explain even higher proportion of
long-term bond yields variation and can even predict the following days’ yields change,
which is reasonable since the Fed’s “LSAP” mainly works during ZLB period. Overall,
we can conclude that the predictability of yields factor comes from the “path” monetary
surprise, which is uninformative about the following days’ bond yields variations.

Finally, we consider the comovement of yields change and USD with the following
regression:
AUSDy i1, = ap + By iin + €, (7

where AUSD; 4, is the cumulative USD change h days after FOMC days, Ay, ;1 is the
h days after FOMC days’ cumulative short-term or long-term yields changes.

[Insert Table 16 about here]

We report all the results in Table 16. It is easy to find that there is no any significantly
statistical association between the yields changes and change of exchange rates for the fol-
lowing days after the announcements, although we find that strong comovement between
net dollar buying volume for non-FOMC days in Table 6.

Hence, we can conclude that the predictability cannot be explained by the view that
a tightening “path” surprise can rise the following days’ bond yields, and appreciates US
dollar by increasing the post-announcement yields. And, the channel should be that market
participates gradually react a tightening “path” surprise of monetary policy in the follow-
ing days after announcements, which turns to push up USD gradually. This can also be
reflected in the growing trading volume of both bank or fund and non-bank sectors.

5. News Decomposition

In this section, we decompose the news in change of nominal exchange rates into interest
differential news, excess return news and inflation news, and further study the response
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of these components to monetary surprises, separately. It is easy to get the news decom-
position by iterating the definition of currency excess returns recursively, which is given
by

oo (o]
A81t+1 - EtASt-H = - g (Et+1it+k+1 - Etit+k+1) - E (Et+17“l‘t+k+1 - EtT$t+k+1)
=0 =0 ,
inE raff

o
+ g (Bt Tk — Eeftgig),
k=0

. /

~AFE

where 7, = 1y — i, denotes the interest rate differential, rx; = FyAsyq — i; denotes the
excess return of holding US dollar, 7, = 7 — m; denotes the long-run inflation differential
news. By following the traditions, we label the foreign variables with stars. More detailed
calculations can be found in the Online Appendix.

Based on the calculation above, we can decompose the actual exchange rate change
(As;,1) into the following equivalent way:

T GAE AE | ~AE

Asppg =1y — i +roy —rag T (8)

Hence, we have the coefficients of contemporaneous or predictive regression of ex-
change rates to monetary surprises as:

ﬁ(ASt+17mpt> — B@—ﬁ’impo + 5<Mt—mzA+Eumpt> + 5<7~T?E,mpt)_ 9)

To obtain the news decomposition, we consider the following daily VAR estimation by
following Froot and Ramadorai (2005), Engel (2016) and Stavrakeva and Tang (2019).

Zy = zZ + FZt_l + €y,

with the vector of daily variables

Zy = | Ty

where 5; = s; + p, — p; denotes the real exchange rate. Here, we include the level real
exchange rate to estimate a specification where a stable estimate of VAR implies that long-
run PPP holds and VAR-based expectations of the long-run real exchange rates is constant.

There are several potential issues for daily estimation of VAR as pointed by Froot and
Ramadorai (2005). First, we use the information criterion to determine that the optimal lag
length for VAR is 25 trading days. To avoid the overfitting issue, as Froot and Ramadorai
(2005), we 1mpose the restriction that the coefficients for lagged days 2-5, 6-10, 11-25
are identical within each subperiod. Given the sample size, this restriction can improve
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the overall estimation. Second, since inflation data in only available monthly or even
quarterly, it is hard to have a good measure for daily inflation. Hence, we interpolate
monthly inflation evenly into daily inflation, given the fact that inflation shocks are highly
persistent. We further align the CPI’s with their announcement dates by lagging their entry
into the information set by 2 weeks. Finally, we do not have the concern for the inference
of VAR estimation since all the estimate from VAR will appear as dependent variables in
the following analysis. Hence, given the daily samples since 2000 when European forward
discount data is available, it is statistically reliable to obtain consistent estimators for VAR
estimation with 3 variables and 4 lagged blocks.

We report the IRFs for i, — 25, ra, — raff, and 727 to monetary policy surprises and

yields factors in Figure 3 and 4. From Figure 3, we can find that rz; — ra:f_fl has a stronger
reaction to path factor than i, — EtﬁEl and 72F, Meanwhile, we should also notice that all
the IRFs reach the peak five trading days after the announcements, which is consistent with
the findings in Figure 1 and 2. Hence, our VAR analysis provides additional evidence to
support the weekly predictability of monetary path surprise to USD. Moreover, the shape
of IRFs of rz; — m’tﬁEl in Figure 3 and 4 is quite close to the IRFs of USD in Figure 1 and
2, which explains the largest proportions of the impulse of USD to path surprise.

[Insert Figure 3 and 4 about here]

More importantly, we can also observe the positive impulses of 7, —i~5 and 7z, —ra2Af
to monetary surprises. This indicates that the effects of —Efﬁ and —rxf dominate the
effects from i, and rz,, separately. After a tightening path surprise, US interest rate rises
immediately and then 7, declines but —%ﬁg rises, which is consistent with the view that
path surprise can affect the nearly future path of short-term rate. It is also consistent with
the finding in Giirkaynak, Sack and Swanson (2005) that it takes markets time to impound
news about the future path of rates contained in FOMC statements, but it takes almost
no time to impound news about the current target. After a tightening monetary policy
shock, —Tmﬁg increases, which implies that US dollar appreciates as in (8). The IRFs of
inflation difference are relatively puzzling. The traditional New Keynesian DSGE model
implies the lower inflation after a tightening monetary policy shocks, while we observe the
opposite pattern in Figure 3 and 4. This finding is consistent with Nakamura and Steinsson
(2018), Jarocinski and Karadi (2020) and Stavrakeva and Tang (2019). Nakamura and
Steinsson (2018) and Jarociniski and Karadi (2020) find that long-run (five year) break-even
inflation rates raise moderately after a tightening path surprise, which can be explained by
the Fed’s information effect. Stavrakeva and Tang (2019) document the same pattern based
on quarterly VAR estimation during ZLB period. Our finding here says that a tightening
monetary policy shock can lower US inflation given that the foreign inflation is fixed.
Indeed, this finding is also consistent with the views of “Long-run Fisherism” in Cochrane
(2022) that: raising interest rates will raise inflation at least in the long run.

To have a better understanding about our empirical findings, we report the associated
results in Table ??-2?. In particular, we focus on the impulse of different components to
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GSS path surprise. On FOMC announcement days, we can observe that a normalized tight-
ening shock raises 7 by 0.08 but lower rz by -0.38. This indicates that the depreciation of
dollar (E;As;y1) is larger than the rising of interest differentials. Although the magnitude
is pretty small, we find the weak evidence to support UIP on FOMC announcement days.
However, the impact of news part is much larger than the variation of currency period. The
magnitude of IRFs of i, — i2E, rz, — ra2f, and #2F to monetary policy surprises are:
27.88, 50.85 and -34.88, which is much larger than the impulses of 7 and rx (notice that
27.88+50.85 — 34.88 = 43.86, which is exactly the corresponding number in Table 6 and,
further, is consistent with the identity in (8)). Therefore, we can conclude that the large
positive impulse of —rxf_fl comes from the expectation of dollar’s appreciation following
the path surprise and also the expectation of rising of interest differentials, which can ex-
plain why the impulse of ra; — ra2% is larger than i, — i%%. Finally, the whole effect is

offset by the negative impulse of inflation differential news.
[Insert Table ??-?? about here]

For the following days after FOMC announcements, we can find that 7 is significantly
negative (-1.25), which indicates the path surprise can predict the following days’ interest
differentials. And, its magnitude increases from -1.25 to -1.51, and then decline to -1.04
five days after announcements. Here, we should recall that monetary surprise cannot pre-
dict the following days’ yields change. For rz, we can observe significant negative mag-
nitude after the announcements, which indicates that predictable components of change
of exchange rate from VAR estimation reacts to monetary surprise negatively. Again, the
larger positive magnitudes of 7, —%ﬁg and ro; — rxﬁEl indicate the unpredictable news parts
dominate the impulse response of change of exchange rate to monetary surprise. Moreover,
from the second panel, we can also find the significant comovement of net trading volume
of bank sector and different components. The related signs of coefficients are consistent
with the view that FX dealers serve as liquidity providers or market maker in the currency
market and that larger net positive net inflows to US implies larger net selling volume of
FX dealers, which turns to appreciate US dollars.

Overall, we decompose the change of exchange rates into three different parts, and we
can conclude that the impulse response of USD to monetary surprise is mainly driven by
the news part instead of predictable parts. Among different components, we find that the
excess return news play a dominated role, and part of its impulse response is offset by the
impulse of inflation differential news.

6. Robustness

In the Online Appendix, we conduct several robust checks for the main results above. First
of all, we replace the hourly data of order flows and exchange rates from 2pm-5pm on
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FOMC days in Figure 2 with the data of whole FOMC days. We report the results in
Figure 5, where the findings are consistent with Figure 2. This indicates that the FOMC
days’ impulse is mainly driven by the impulse from 2pm-5pm on FOMC days, i.e, impulse
response of post-announcement.

Following Hasbrouck (1988) and Ranaldo and Somogyi (2021), we also separate the
permanent (information) effects and temporary (inventory) effects in the trade volume. We
define the permanent information of the trading volume v; as follows.

11 if Vol, >0
v = 0 if Vol, =0 (10)
—1 if Vol; <0

We then conduct the same set of analysis as in Table 6-11 and report the results in Table
17-23. We find that path surprise can predict the sign of trading volume (v;) significantly.
Similarly, path surprise predicts the sign of FX dealers’ order flows negatively and signif-
icantly, and predict the signs of non-bank sector’s order flows positively. Hence, all the
conclusions are robust to the measurement of trading volume. However, we should notice
the predictability of path surprise to signs of the trading volume becomes weaker four days
after the announcements, which is different from the finding in Table 10.

We further report the predictability of yields factors and monetary policy shocks to
exchange rates of individual G10 currency pairs Post ZLB in Table 24-25. We find that
path surprise can predict all changes of individual exchange rates strongly, except CHF
and JPY. For CHF and JPY, we find the strong comovement between path surprise and
exchange rates, but the predictability for CHF is weak and there is no any significant
predictability for JPY after FOMC announcements.

Finally, we report the IRFs of —i®” and —7z*F to the monetary policy surprise in
Figure 6-11. The finding further indicates that the impulses to monetary surprises of —*F
and —72*” dominate 7 and 77.

7. Conclusion

We document the strong predictability of “path” factor measuring the forward guidance
surprise of monetary policy can capture all the weekly prediction to USD after the ZLLB
period. Meanwhile, the daily predictive impulse response function of USD to “path” sur-
prise shows that the response achieve the peak one week after the FOMC announcement
days. Based on the private dataset of currency order flow, we find this weekly predictability
can be mainly explained by the predictability of monetary policy shocks to FX dealers’ or-
der flows and comovement of order flows of FX dealers with USD. Finally, we decompose
the daily change of exchange rate into: interest rate differential, excess return and infla-
tion components. The “path” factor of monetary policy surprise can predict all of these
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three components, which indicates that Fed’s forward guidance can influence the whole
future path of interest rate differential, excess return and inflation. The order flows also
significantly comove with these three components.
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Table 2: Daily Net Dollar Buying Volume Data Summary Statistics

Period ‘ Normalized Volume data ‘ Original Volume data
3 hours Vol on FOMC days ‘ Agg Bank Corp Fund Nonbank F+NB ‘ Agg Bank Corp  Fund Nonbank F+NB
Mean -0.30 024 -0.04 -034 -0.16 -0.50 | -9.13 9.55 -1.75 -10.2 -6.73 -16.93
Std 362 397 018 2.69 1.10 277 | 15431 178.66 732 108.53  45.65 112.85
Mean (ZLB) -0.28 -0.86 -0.02 0.59 0.02 0.61 | -11.11  -37.83  -0.99 27.09 0.62 27.71
Std (ZLB) 315 361 018 173 0.80 173 | 158.14 182.68 7.34 8231 40.19 83.24
Mean (Post ZLB) -032 115 -006 -1.10 -0.31 -1.41 -7.51 4832 237 -40.71  -12.74  -53.46
Std (Post ZLB) 406 412 0.18 3.13 1.30 3.17 | 148.68 16256  7.13 11596 4821 118.9
Vol on FOMC days ‘ Agg Bank Corp Fund Nonbank F+NB | Agg Bank Corp  Fund Nonbank F+NB
Mean 0.76 -0.49 -0.61 1.67 0.19 1.86 8.33 -3.28  -34.19 2051 25.29 458
Std 10.26 10.78 297 6.97 3.75 7.18 6173 56292 13451 419.06 195.03 452.04
Mean (ZLB) -095 -5.07 0.12 412 -0.12 4.00 |-188.57 -299.26 227 7412 3429  108.42
Std (ZLB) 899 1032 1.84 6.10 2.76 6.81 | 57238 499.69 5991 53535 84.2 554.13
Mean (Post ZLB) 215 326 -1.21 -0.34 0.44 0.10 | 169.44 238.89 -64.02 -23.36 17.93 -5.42
Std (Post ZLB) 11.13 977 3.56  7.09 4.43 7.10 | 613.92 496.97 168.53 294.12 25347 34822
Vol of one day after FOMC days ‘ Agg Bank Corp Fund Nonbank F+NB | Agg Bank Corp  Fund Nonbank F+NB
Mean -1.92 -1.13 -0.06 -0.85 0.13 -0.72 | -100.75 -74.58  -6.47 -32.86 13.16  -19.70
Std 1038 10.83 1.77 6.87 3.31 7.33 | 579.06 53945 76.17 372.85 11855 379.61
Mean (ZLB) -7.00 -7.44 0.27 0.00 0.18 0.17 | -417.29 -388.44 728  -54.57 18.43 -36.14
Std (ZLB) 7.60 9.03 122 6.71 2.35 6.69 | 565.74 49292 4227 47249  83.51  450.66
Mean (Post ZLB) 224 403 -033 -1.54 0.09 -1.46 | 15824 18221 -17.72 -15.11 8.85 -6.26
Std (Post ZLB) 1075 9.64 212 7.12 4.01 795 | 43424 41827 9290 25533 139.22 301.78
Vol on nonFOMC days ‘ Agg Bank Corp Fund Nonbank F+NB Agg Bank Corp Fund Nonbank F+NB
Mean 092 -094 004 133 0.49 1.82 | 3819 -3585 -351 5846 19.08 71.55
Std 1092 10.61 278 6.64 3.09 690 | 556.38 530.86 8549 301.78 97.96  320.92
Mean (ZLB) -2.61 -486 053 146 0.26 1.72 | -130.04 -229.19 143  68.29 16.56 84.86
Std (ZLB) 1048 993 1.88 6.06 2.94 6.42 | 59393 54331 44.15 33487 91.08  350.78
Mean (Post ZLB) 362 205 -034 1.23 0.67 1.90 | 170.54 11692 -17.48 50.11 20.99 71.1
Std (Post ZLB) 1047 10.13 326 7.05 3.19 724 | 48593 467.32 105.17 27299 103.02 295.48
Whole days ‘ Agg Bank Corp Fund Nonbank F+NB Agg Bank Corp Fund Nonbank F+NB
Mean 091 -093 0.02 134 0.48 1.83 3726  -3484 -446 57.29 19.27 76.56
Std 10.90 10.62 279 6.65 3.11 691 | 558.21 531.75 87.53 306 102.26  325.66
AR(1) 022 027 008 0.15 -0.02 0.16 0.26 0.29 0.07 0.12 -0.02 0.11
Mean (ZLB) -2.56 -486 051 155 0.24 1.79 | -131.88 -231.4 1392 68.48 17.12 85.6
Std (ZLB) 10.44 994 1.88 6.08 2.93 6.44 | 591.44 54093 446 341.68 90.58  357.59
AR(1) (ZLB) 0.17 0.16 0.10 0.13 -0.02 0.17 0.22 0.21 0.2 0.13 0.04 0.14
Mean (Post ZLB) 358 209 -036 1.19 0.66 1.85 | 171.39  121.03 -19.03 48.42 20.98 69.4
Std (Post ZLB) 10.49 10.11 327 7.05 3.23 724 | 490.8 469.29 108.09 27428 110.67 297.89
AR(1) (Post ZLB) 0.13 020 0.04 0.17 -0.03 0.15 0.17 0.19 0.02 0.11 -0.06 0.08

Notes: We calculate the sample means and standard deviations for both normalized volume data and
original volume data. And, the original volume data is in the unit of million US dollars. The whole sample
period is from 09/13/2012-01/19/2020 which includes 60 FOMC meetings. The whole sample is split into
two subsamples before and after Dec 16th 2015: ZLB (including 27 meeting) and Post ZLB.
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Table 3: Predicting Weekly USD Change with Yield Changes

Whole weeks ‘ Whole Sample Before 2000 After 2000 2000-2008 Whole ZLB 2012-2015 Post ZLB
Short-term 0.86%** 0.83 0.87%* 0.70 0.94 0.27 2.75%
t [2.63] [1.62] [2.18] [1.57] [0.98] [0.09] [1.91]
R? 0.51 0.84 0.45 0.53 0.25 0.00 1.67
Long-term 0.51%* 0.41 0.54* 0.79%* -0.10 -0.16 1.32%
t [2.11] [1.08] [1.84] [2.00] [-0.18] [-0.19] [1.86]
R? 0.33 0.37 0.32 0.85 0.01 0.02 1.58
FOMC weeks ‘ Whole Sample Before 2000 After 2000 2000-2008 Whole ZLB 2012-2015 Post ZLB
Short-term 1.897%%* 1.38 2.10%%* 1.62* 2.39%* 1.86 10.54%*
t [3.24] [1.16] [3.15] [1.81] [2.11] [0.43] [2.52]
R? 4.64 2.71 5.62 4.33 7.03 0.72 17.02
Long-term 1.447% 0.84 1.63%* 2.25% 1.21% 0.88 5.4k
t [2.54] [0.84] [2.42] [2.27] [1.90] [0.66] [2.81]
R? 2.89 1.46 3.41 6.66 0.46 1.59 20.30
NonFOMC weeks ‘ Whole Sample Before 2000 After 2000 2000-2008 Whole ZLB 2012-2015 Post ZLB
Short-term 0.46 0.67 0.37 0.26 0.23 -0.20 1.78
t [1.17] [1.19] [0.74] [0.47] [0.09] [-0.05] [1.18]
R? 0.12 0.54 0.06 0.06 0.00 0.00 0.76
Long-term 0.32 0.31 0.33 0.67 -0.69 -0.42 0.78
t 1.22] [0.75] [1.01] [1.57] [-1.04] [-0.41] [1.04]
R? 0.13 0.21 0.12 0.63 0.35 0.12 0.59
4 non-FOMC days ‘ Whole Sample Before 2000 After 2000 2000-2008 Whole ZLB 2012-2015 Post ZLB
Short-term 1.86%#* 2.62% 1.84%%* 1.46 2.27* -13.25 3.63
t [2.77] [1.69] [2.65] [1.37] [1.90] [-1.50] [0.63]
R? 3.42 5.63 4.07 2.55 5.79 8.23 1.25
Long-term 1.17* 1.40 1.13 2.00%* -0.88 -2.09 4.44%
t [1.81] [1.11] [1.62] [2.07] [-0.63] [-0.86] [1.78]
R? 1.50 2.49 1.56 5.65 0.67 2.90 9.29

Notes: We run the regression: AUSD X, 141 = & + By + €141. where AUSDX,, 141 is the

t 4+ 1 week’s cumulative USD change and x,, ¢ is the ¢ week’s cumulative change of yields factors.
The whole sample period is from 01/03/1994-02/28/2020 which includes 218 FOMC meetings.
The whole sample is split into two subsamples before and after Aug 12th 2008, Sep 3rd 2012 and
Dec 16th 2015: ZLB and Post ZLB. t-statistics are reported in the bracket. *** p < 1%, **
p < 5% and * p < 10%. All R?s are expressed in %.
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Table 4: Whole sample results since 1994

Before 2000 ‘ FOMC day ‘ Day 1 Day 2 Day 3 Day 4 Day 5 Day6 Day7 Day8 Day9 Day 10
Short-term 0.89 -1.13 -0.74 -1.35 -1.20 -1.28 -2.10 -2.75 -3.77* -3.22 -3.70
t [1.11] [-1.23]  [-0.56] [-0.77] [-0.66] [-0.75]  [-1.11] [-1.33] [-1.78] [-1.37] [-1.44]
R? 2.48 3.07 0.65 1.22 0.90 1.16 2.52 3.54 6.22 3.75 4.17
Long-term 0.41 -0.13 1.02 0.39 0.56 0.33 -0.44 -1.16 -2.51 -1.90 -2.41
t [0.55] [-0.16] [0.84] [0.24] [0.33] [0.21] [-0.25] [-0.60] [-1.27] [-0.87] [-1.01]
R? 0.63 0.05 1.46 0.12 0.23 0.09 0.13 0.75 3.26 1.54 2.09
GSS target 17.91%#* -6.97 -12.39 -22.29%  -31.09%*  -25.36%*  -24.19%  -44.48%%* 43 67FF*  -42.65%F  -44.78%*
t [3.10] [-0.97] [-1.23] [-1.68] [-2.32] [-2.00] [-1.69] [-2.97] [-2.79] [-2.43] [-2.33]
R? 16.65 1.94 3.04 5.53 10.08 7.66 5.60 15.51 13.92 10.99 10.20
GSS path 443 6.30 6.99 4.19 4.02 437 3.67 -1.31 -5.33 1.88 1.88
t [0.97] [1.22] [0.95] [0.42] [0.39] [0.46] [0.34] [-0.11] [-0.44] [0.14] [0.13]
R? 1.94 3.01 1.84 0.37 0.32 0.43 0.25 0.03 0.40 0.04 0.03
GSS LSAP 6.40 -13.49  -14.06  -28.43 -30.56 -38.44 -3.74 -41.81 -71.24 -91.18*  -99.95*
t [0.35] [-0.64] [-0.47] [-0.72] [-0.75] [-1.01]  [-0.09] [-0.89] [-1.48] [-1.74] [-1.75]
R? 0.25 0.86 0.46 1.06 1.15 2.08 0.02 1.62 437 5.93 6.00
Since 2000 ‘ FOMC day ‘ Day 1 Day 2 Day 3 Day 4 Day 5 Day6 Day7 Day8 Day9 Day 10
Short-term 5.94 k% 4.02%8%  4770%%F  4.96%F%  3.60% 2.96 2.45 1.30 3.59 3.59 3.71
t [5.58] [3.37] [3.16] [2.81] [1.83] [1.38] [1.05] [0.52] [1.37] [1.30] [1.27]
R? 17.11 6.99 6.20 497 2.18 1.25 0.72 0.18 1.23 1.11 1.06
Long-term 4.00%** 1.11 1.76%* 2.06%* 1.67 1.29 1.45 0.16 1.21 1.51 2.16
t [6.55] [1.53] [1.96] [1.95] [1.43] [1.01] [1.04] [0.10] [0.78] [0.92] [1.23]
R? 22.14 1.53 2.48 2.46 1.33 0.67 0.72 0.01 0.40 0.56 1.00
NS 5.83%kk 44205k 56%E 5 81FFE 4.09% 3.87* 2.13 0.65 3.36 4.14 391
t [5.03] [3.45] [3.30] [3.08] [1.93] [1.68] [0.84] [0.24] [1.19] [1.40] [1.22]
R? 14.59 7.45 6.85 6.02 2.46 1.88 0.48 0.04 0.95 1.30 1.00
GSS target 13.08 19.78%  31.59%* 31.75%%  28.54* 16.37 9.28 17.05 23.77 21.48 16.06
t [1.35] [1.92] [2.50] [2.12] [1.72] [0.90] [0.47] [0.81] [1.08] [0.92] [0.64]
R? 1.23 2.47 4.10 2.98 1.99 0.56 0.15 0.44 0.79 0.58 0.28
GSS path 23.27%%% | 11.26%*  11.13*  12.82% 7.03 9.10 5.11 -3.31 4.17 9.86 9.11
t [5.65] [2.36] [1.87] [1.83] [0.90] [1.08] [0.55] [-0.33] [0.40] [0.91] [0.78]
R? 17.92 3.68 2.34 223 0.55 0.79 0.21 0.08 0.11 0.56 0.42
GSS LSAP -0.47 -16.15%  -9.35 -15.28 -9.94 -1.97 -4.88 -0.70 -9.87 -1.96 -11.81
t [-0.05] [-1.781  [-0.83]  [-1.15] [-0.68] [-0.50]  [-0.28] [-0.04] [-0.51] [-0.10] [-0.54]
R? 0.00 2.14 0.47 0.89 0.31 0.17 0.05 0.00 0.18 0.01 0.20
Since 2000 before ZLB ‘ FOMC day ‘ Day 1 Day 2 Day 3 Day 4 Day 5 Day6 Day7 Day8 Day9 Day 10
Short-term 2,99k 3.60% % 4,19%* 4.09* 2.45 1.05 0.19 -0.88 1.97 2.13 1.87
t [3.32] [2.91] [2.33] [1.89] [0.95] [0.39] [0.07] [-0.28] [0.62] [0.62] [0.51]
R? 14.32 11.39 7.61 5.14 1.36 0.23 0.01 0.12 0.57 0.58 0.39
Long-term 1.76%* 1.88%* 2.37* 225 1.42 -0.01 -0.66 -2.01 0.63 0.91 1.43
t [2.54] [1.98] [1.73] [1.38] [0.74] [-0.01]  [-0.32] [-0.87] [0.26] [0.35] [0.52]
R? 8.87 5.60 4.36 2.81 0.82 0.00 0.15 1.13 0.10 0.19 0.41
NS 3.3 k0k0k 433k 55k 6 2k 4.27 2.45 1.08 -0.42 2.12 3.05 2.55
t [3.53] [3.39] [2.82] [2.76] [1.60] [0.86] [0.37] [-0.13] [0.63] [0.84] [0.66]
R? 15.89 14.80 10.74 10.36 3.71 1.11 0.20 0.02 0.59 1.07 0.65
GSS target 14.37%%* 20.02%*  34.45%*% 3595%*  34.54% 19.67 13.86 21.84 27.36 25.14 20.75
t [2.01] [2.08] [2.55] [2.22] [1.81] [0.96] [0.66] [0.93] [1.14] [0.97] [0.75]
R? 5.76 6.15 8.97 6.94 4.72 1.39 0.65 1.29 1.92 1.41 0.83
GSS path 9.82%* 13.27*%%  10.82 12.38 4.48 1.04 -3.22 -14.56 -4.39 1.80 0.49
t [2.45] [2.46] [1.37] [1.32] [0.40] [0.09] [-0.27] [-1.09] [-0.32] [0.12] [0.03]
R? 8.36 8.39 2.75 2.56 0.25 0.01 0.11 1.78 0.15 0.02 0.00
GSS LSAP -25.30%#* -4.58 -3.74 -33.64 -20.76 -13.97 -11.76 -1.39 -4.58 -3.49 -16.87
t [-2.70] [-0.34]  [-0.20] [-1.52] [-0.80] [-0.51]  [-0.42] [-0.04] [-0.14] [-0.10] [-0.45]
R? 9.98 0.18 0.06 3.39 0.95 0.39 0.26 0.00 0.03 0.02 0.31
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Table 5: continued

ZLB | FOMCday | Day1 Day 2 Day 3 Day 4 Day 5 Day6 Day7 Day8  Day9 Day10

Short-term | 22.27%%% -3.31 3.17 -3.52 -4.48 0.96 1.98 2.20 321 0.55 0.91
t [5.71] [-0.75]  [-0.66] [-0.6] [-0.73] [0.15] [0.26] [0.26] [037]  [0.06] [0.10]

R2 39.47 1.10 0.86 0.72 1.06 0.04 0.14 0.14 0.28 0.01 0.02

Long-term | 5.56%%* -1.04 -0.38 -0.01 0.14 1.56 2.62 1.70 1.23 1.29 1.72
t [4.76] [-0.84]  [-0.28]  [-0.01] [0.08] [0.87] [1.25] [0.73] [0.51]  [0.51]  [0.66]

R2 31.16 1.39 0.16 0.00 0.01 1.48 3.02 1.05 0.51 0.53 0.85

NS 17.18%* -0.98 0.21 -3.10 -6.05 2.39 2.63 -1.96 471 3.02 1.30

t [3.92] [-0.22] [0.04] [-0.53]  [-1.00] [037]  [-035] [-024] [0.55] [0.34] [0.14]

R2 23.55 0.10 0.00 0.56 1.94 0.27 0.24 0.11 0.60 0.23 0.04
GSS target -35.82 9.53 -63.86  -76.86  -140.05% -13545 -194.86* -144.16 -105.92 -86.74 -129.27
¢ [-0.51] [-0.15]  [095]  [094] [-1.66] [-1.52] [-1.89] [-125] [-0.88] [-0.69] [-0.98]

R2 0.51 0.05 1.77 1.74 5.22 441 6.65 3.02 1.51 0.95 1.90

GSS path | 47.69%% 748 -0.10 -3.44 -8.67 7.35 2.75 243 8.71 1170  7.05
t [4.94] [-0.721  [-001]  [-025]  [-0.60] [0.49] [0.15] [0.12] [043]  [0.56]  [0.32]

R2 32.82 1.02 0.00 0.13 0.72 0.47 0.05 0.03 0.37 0.62 0.20
GSS LSAP 17.99 26.17%  -13.24 -2.86 2.92 -3.89 0.23 0.21 -1544 020  -7.53
t [1.24] [2.09] [-095] [0.17] [0.16] [-021]  [0.01] [0.011  [-0.61] [0.01] [-0.27]

R2 3.00 8.01 1.76 0.06 0.05 0.08 0.00 0.00 0.74 0.00 0.15
GFC | FOMCday | Day1 Day 2 Day 3 Day 4 Day 5 Day6 Day7 Day8  Day9 Day10

Short-term | 29.07%%* 12.22 6.39 9.87 10.86 9.77 434 -4.62 41000 -526  -3.91
t [4.68] [1.50] [0.60] [0.70] [0.73] [0.65] [0271  [-027]  [0.6] [-028] [-0.20]

R2 75.78 24.43 497 6.55 7.08 5.68 1.05 1.03 4.92 1.10 0.59

Long-term 5.95%% 5.08% 5074 456 2.14 3.12 4.19 1.25 -0.31 3.51 5.91
t [2.26] [3.00] [2.23] [1.26] [0.52] [0.77] [1.02] [0271  [-0.071 [0.70]  [1.23]

R2 4222 56.22 41.62 18.57 3.66 7.73 13.05 1.00 0.06 6.54 1781
GSS target 69.88 49.69 2772 -69.29  -109.73% -116.45% -111.48% -123.57% -129.77* -114.80 -78.46
t [1.25] [1.19] [-053]  [-1.05] [-1.74]  [-1.89] [-1.69] [-1.77] [-1.93] [-1.41] [-0.88]

R? 18.34 16.93 391 13.51 30.27 33.78 29.07 30.83 3468 2203  9.89
GSSpath | 72.13%% | 59.96%%*  38.05 0.38 -7.80 9.88 8.70 -1624 2086 1156  38.74
t [2.28] [2.85] [1.16] [0.01] [-0.15]  [-0.19] [0.16] [0.29] [-037] [0.18] [0.62]

R2 4256 53.67 16.05 0.00 0.33 0.53 0.39 1.16 1.95 0.49 5.25
GSS LSAP 36.26 30.95 24.87 42.19 24.65 24.56 31.35 4.07 -1123 645 15.51
t [1.32] [1.59] [1.01] [1.33] [0.68] [0.67] [0.85] [0.10]  [-027] [0.14]  [0.33]

R2 19.97 26.58 12.73 20.26 6.18 6.08 9.30 0.14 1.05 0.28 1.56
Post ZLB ‘ FOMC day ‘ Day 1 Day 2 Day 3 Day 4 Day 5 Day6 Day7 Day8 Day9 Day 10
Short-term | 15.42%%% | 907#%%  [[[8%k% [559%%% 1667+ 16.03*%%* [521%%  11.41* 9.74 1118 15.04%
t [6.07] [2.93] [2.94] [3.88] [4.21] [2.86] [2.29] [1.87] [1.47]  [1.59] [1.91]

R2 54.33 21.71 21.82 32.74 36.36 20.91 14.49 10.13 6.48 752 1049

Long-term | 9.06%%* 4.79%% 636 EE 834wk QQIEEE  758EE 706% 4.95 5.59 6.49 7.91
t [5.71] [2.48] [2.73] [3.27] [3.57] [2.13] [1.70] [1.3] [1.39] [1.52] [L.63]

R2 51.26 16.56 19.33 25.63 29.08 12.79 8.54 5.20 5.85 6.94 7.93

NS 15.12%%% | 9 (09%* 8.78%  11.44%  12.07*  15.56%*  13.84* 9.73 8.41 11.08 1525

t [4.63] [2.45] [1.87] [2.17] [2.25] [2.30] [1.74] [1.34] [1.07]  [1.34] [L64]

R2 43.40 17.65 11.06 14.37 1537 15.89 9.71 6.04 3.95 6.02 8.75
GSS target 29.80 524 -7.84 2474 27133 17.14 2020  -3896  -60.61  -78.28  -59.72
t [0.48] [-0.09]  [-0.11]  [-029]  [-0.32] [0.16] [0.16]  [-036]  [-0.52] [-0.63] [-0.41]

R2 0.89 0.03 0.04 0.33 0.39 0.09 0.10 0.48 1.03 1.49 0.66
GSS path | 43.86%%* | 34.59%%*  32.02%% 44.03*%%% 5]27%k% 5630%k% 5]185%%  4341%  4236%  49.66* 57.41%
t [4.07] [2.95] [2.10] [2.63] [3.16] [2.58] [2.01] [1.89] [1.71]  [1.89]  [1.90]

R2 38.92 25.02 14.45 21.04 27.74 20.44 13.48 12.04 1009 1205 1220
GSSLSAP | -11.20 19.21 431 5.62 21.44 28.89 20.44 30.28 7558 3685 1642
t [-0.25] [0.44] [0.08] [0.09] [0.35] [0.36] [0.23] [0.38] [0.90]  [0.40] [0.16]

R2 0.24 0.73 0.02 0.03 0.46 0.51 0.20 0.55 3.02 0.62 0.09

Notes: We run the regression: AUSDXy ;1 = a+ Bxt + €444, where AUSDX,y ¢, is the h days after FOMC days’
cumulative USD change and x¢ is the FOMC days’ change of yields factors or monetary policy shocks. The whole sample period for
short-term yields is from 02/04/1994-01/19/2020 which includes 205 FOMC meetings (exclude 9 meetings Aug 5th 2008- Jun 24th

2009 for GFC). For NS, it is from Fed 2nd 2000 - Sep 18th 2019 (150 meetings). For GSS, the whole sample period is from Fed 4th
1994 - Jun 19th 2019 (200 meetings). The whole sample is split into the following subsamples: Before 2000 (Feb 4th 1994-Feb 2nd
2000 with 50 meetings), Since 2000 (Feb 2nd 2000-Jan 19th 2020), Since 2000 before ZLB (Feb 2nd 2000-Jun 25th 2008 with 68

meetings), ZLB (Aug 12th 2009-Dec 16th 2015 with 52 meetings), GFC (Aug 5th 2008- Jun 24th 2009 with 9 meetings) and Post ZLB

(Jan 27th 2016-). t-statistics are reported in the bracket. ***p < 1%, **p < 5% and * p < 10%. All R%s are expressed in %.
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Figure 1: Impulse response function of USD and fund+nonbank and bank order flow to
monetary policy shocks and short-term yields factor excluding FOMC day
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Notes: The red solid line is the IRF of USD to monetary policy shocks and short-term yields factor. The
green and blue dash lines are the IRF of fund+nonbank and bank net dollar buying volume to monetary
policy shocks and short-term yields factor. The dark area is 95% confidence interval for USDX and the shade
area is 95% confidence interval area for order flow. To make it comparable, the magnitude of coefficients
of volume are amplified by 2 times. For NS, it is from Sep 13th 2012 - Sep 18th 2019 (57 meetings). For
short-term yields, the whole sample is from Sep 13th 2012 -Jan 29th 2020 (60 meetings). For GSS, the whole
sample period is from Sep 13th 2012 - Jun 19th 2019 (55 meetings). The whole sample is split into two
subsamples before and after Dec 16th 2015: ZLB (including 27 meeting) and Post ZLB.
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Figure 2: Impulse response function of USD and fund+nonbank and bank order flow to
monetary policy shocks and short-term yields factor including FOMC days with 3 hours
USDX and vol for FOMC days
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Notes: The red solid line is the IRF of USD to monetary policy shocks and short-term yields factor. The
green and blue dash lines are the IRF of fund+nonbank and bank net dollar buying volume to monetary
policy shocks and short-term yields factor. The dark area is 95% confidence interval for DI and the shade
area is 95% confidence interval area for order flow. To make it comparable, the magnitude of coefficients
of volume are amplified by 2 times. For NS, it is from Sep 13th 2012 - Sep 18th 2019 (57 meetings). For
short-term yields, the whole sample is from Sep 13th 2012 -Jan 29th 2020 (60 meetings). For GSS, the whole
sample period is from Sep 13th 2012 - Jun 19th 2019 (55 meetings). The whole sample is split into two
subsamples before and after Dec 16th 2015: ZLB (including 27 meeting) and Post ZLB.

28



"% U1 passaIdxa a1 $,37 [V "%0T > d 4 PUB %G > d gy ‘YT > d 5 1NORIQ ) UL poI0daI S1e SO1STIRIS-) " Z IS04 pue (Sunosw

Lz Sutpnpour) g7 :S10Z W9T 99 I9)je pue 210jaq sojduresqns om) ojut Jipds st ojdures ajoym ayJ, "(sSumesw 6G) 6107 W61 unf - 107 W1 dos woiy st porrad srdures
o[oym Ay ‘SSD 104 “(sSuneawt £G) 10T WST dog - 7107 W dog woiy st ‘SN 104 "sSuneawr HNOA (09 SAPN[IUL YIIYM 0Z0Z/61/10-C10T/€1/60 woiy st potrad ajdures
Jroym YL ‘001 Aq payrdure are syooys Ao1jod Arejouowr SN pue Qurod d1seq JO jrun 9y} Ul I8 Xapul [(] pue a3ueyd sp[alk jo yiog ((DINOJuou)Iq) sAep DINOJuou
pue (QINODIA) sAep DINO Woq 10§ **joa uo *x (7 UoIssaISal snosueIodwajuod uni am ‘9[qe) Jo wopnoq ay) uf “syooys Korjod Arejouout Jo $I1030BJ SP[aIk jo a3ueyd

‘
SAep DINOH 2y St *x pue (**jon) awnfoa SurAnq Je[fop 1u 1o (*X (7V) 28ueyd S .SAep DINOA U St i a1oym “#3 + *x0g 4 00 = #i :u0ISSAIFI AY) UNI AN :SAION
ST0 18°0 $0°0 S1'0 L9T vl 81°0 439 $0°0 150 €€l SLO TT0 61 000 €10 $0°C se'l A
[eorl  [86T)  [gool  [Lz1-l  [pbsl ISl il [e9l (85071  [LoT]  [beel  [1sT] [cocl  [zrol  [orol [ss1-l  [1g9-l  [r1s] 7
61T  wxCTTT 160 6V P ssesllb  sexnGLE- P61 wx€6 10 L60-  #x06'ST-  ssxbEE™  4xSET #x60T  sex6S6T  TT0 €€6  5xuS6E  #xx80°E (OWOAuoWIa
6’1 vl 0T0 vEO  09°€l L6'9 0€°01 50 09°01 87°0 sTTe 88'L1 LL'S LLO 0r 600 15°TT 811 A
[eo0l  [ocol  [szol [eceol [icel  [estd 691l [9g0l  [ec1l  [seol  [svel  [egT] (8811 [L901  [9s1l [ezol  [ory]  [pLT] 1
60 0s'T oF'e  L80- x0T LTT- #€€°€ 81 #8L'E  S9T wxn68'€  walE€E %90°C A 8LT  T90"  ssxlLT sax€0T (Owoia
S0l L0°0 L6TT  SP8I 160 8LL vT0 |87 LSE wT or'y <01 s €8°€T 020 901 100 SSv 901 TLo 96Tl A
6811 [€1°0-] 611 [evel  [6v0-] [8v°1] [szo-l | [eot-l  [960-]  [sco-l  [Lo'T] [1s0-1  loz1-] logzl | [eco-l  [scol  [ool  [estl  [sco-l 2907l [18°C] 7
SPOL 670" xx1601 %209  S6€E ySTl 0TIl- | 281 990-  9I'l- 6v°0 veT- L9T  xxx96'EY | LSO- 690" [NV R 961~ 6V 1= sxx9L'6E | AVSTSSD
861 000 81 08’1 6€'ST 80°L1 T6'8¢ 60 Iy 100 650 €0°01 S9'L1 10°8€ 0T0 €L°0 ¥80  L00  T99I S9'L1 €8¢ A
[col  [vo0l  [e90l 6901 [eeTl  [igel  [Lovl | [sy0-l  [o1-]  [900-1 (80l  [L91-1  [ige]  [eeel | [eeol (290l (90l [e10 ] [scel  Ieeesl (086l 1
o'l 00 STT 860" #uxl¥'9"  sx0L'S  #xx98°€F | €L0-  S90- 800" 91°0 € kTP anbS8Y | 8E0 6£°0- LLO 600" swxl€6  sxxC0S™  snxlOLy | WEd SSO
€6'0 L1'0 6t 0L'6 0S¢ 6’1 68°0 yLE 0r'0 0s°¢ 010 110 14X ¥8°0 €10 120 100 T8¢ 69°0 100 8L°0 A
[erol  [1zol  [egol (L9171 [L60]) [zeol [srol | [660-1 [ceol  [s60-1 [9r0ol (9101  [oeol  [ovol | [ozo-l [eco]l (8001 [sy1-l (1970 [or0l [s970l 7
66'€ 60°1- 80°S %509~ L9°0I 198 086C | vS8-  PII- L 8€°0 81°C SE01- 661y | 8S1-  LOT-  0S0-  SE€- s 790 9T¥E 108181 $SD
861 €10 86T 9T  L66I LTET 6¢°ch €90 8T'T $0°0 100 $9°TT 81°0C 1492 0r'0 150 o1 PIT PSPl 1761 wee A
[scol 1ol [ogol [8801 [v9z1  [eocl  [e9v] | [ovo-l  [9c0-]  [orol [900]l (181l [isz]  [ooel | [zvol  [eso-l  [ocol (o0l [90¢-]l  [eresl  [prsl 7
0 LO0- 80 €00 #2981~ %xL91-  wsxCI'ST | TEO0- YT 0- LOO- 100 %90°C- #29€T wxxCC 1T 1T0 €10~ ve0 PO #3861 saex[6 1~ sewen LI SN
wiL reY 07T SIS 8L8I oLt 9TIS Ly'0 980 Tro LTl €L61 6£'€T 9975 [ o L80  LTE 908l 86 SI'ES 4
frorl  [errl 8ol logtl 89zl [ecol  [icsl | [yeol  [yo-]  [erol  [esol  [orel  [ore)  [ersl | [880l  [9gol  [rzol  lov1l  [8se-l  [1gzl (118l 7
LY'0 70 ST0 610 #xx001-  PE0-  xxx90°6 | 900-  €0°0- €00 €00 #x9S0"  wxx09°0"  ssxSIL | P10 €00 110 6000  #xx8L0" #xSS0"  sxnOL'L wa)-3uory
0T Lv'T 61°0 9T°0 Sl wy PEPS 110 000 P10 100 Se61 LT8T 8T9Y L1T €8°0 6£0  9v0 918l 17Tl vE6h A
[og'0]  [680] [szol  [8zol [ize]l  [vei-l [o9l | [ro-l  [oool  [er0-] [vo0-1  [SyT]l  [p1e-] [¥9v] [egol  [ocol  [syol [zsol  lese]l  [L8T] [zs'L] 1
(0] LTO Tro L0  sxIFT-  S6'0-  wwslPST | 010 000 010 100" #x06'T-  #xx00T- 10T | T€0 v1°0 LIO 8000  swsb8T ssexSP - ssxOCLT | WIAUOYS
dN+d  juequoN  pung  dio) yuegq 83y a 7 gN+d  juequoN  pung diop jueg 38y 1a 7 gN+d  juequoN  pung  dio) yueg 33y a —
A1Z150d | a1z | a0y

s&ep DINOA Uo smoy dSN :9 I[qeL,

29



"9 Ul passaIdxa a8 S 3 IV "%0T > d 4 PUB %G > d oy ‘YT > d yyq "10YORIQ Y UL pANI0dar 218 SONSHRIS-] "7 1504 Pue

(Suneow £z Surpnpour) 17 :S10Z W9 29 I9yje pue 210j9q sojdwresqns om) ojur Jifds st opdwes sjoym Y[, "(sSuneowt 6¢) 6107 W61 unf - 710z W dog wouiy st porrad
o[dures djoym ay) ‘SO 10 "(sFunedut £6) 610 WST dos - 10T W dog woiy s1I1 ‘SN 10 's3unadu JNOA 09 SOPN[IUL YoIyM 0Z0T/61/10-C10T/€1/60 Woly st potrad
ordures sjoym 2y, "001 Aq peyrjdue a1e syooys Aorjod Arejououwr N pue ‘yutod dIseq Jo J1un ay) Ur 218 Xapur [(] pue a5ueyd spaif Jo ylog “1+H#+%on uo 1H#1y (7w
Uo18$21321 snosueIodwaluod UNI M ‘9[qe) Jo woyoq ay) U "syooys Aorjod A1ejouow 1o s1030e) Sl Jo afueyo sAep DINO] oW St *& pue (TH+#%0q) swnjoA Suikng
Ie[[op Jau aAnR[NWND 10 (TH#7y (7vy) eSueyd SN 2anemund sKep DN I9iye Aep auo ayy st TH 4] axaym % + #2Tg + To = TH#4 :uorssa13ar oy) unt spy SAJON

Y0'S W 99T  +6T v0'8 8t : YEP1 98°G YE1T W6E 608 LOO . 1o 90°¢ Y0 9vl 8L'¢ 00 : A
(g1l 880l [zl [L60-1  [s91-1  [89°0°] : [soz1  [szil 09zl o1 [8¥11  [v1°0-] : [szol [serl  [Leo]l [eeo- ]l [1s1-]  [ss1-] : 7
or'l €61 PIT €0t «9F - 95°0- : w20V T €Y wx16C 889" €€1 S0 : 170 T PE0-  9TE 80 T60- : a
0 L1'T 000 €T STe 6¢'¢ €L0 81°0 LLT 6L0 600  ¥I'0 100 IS €20 90°0 6€0 610 €0°0 100 €10 A
[Leol ool [100-] [080-1 [g60]l  [s601  [¥¥0] [tzol  [L9°07] [st'0l  [sro-l [erol [900-1 [c9o0-1| [seol 81701  [s0ol [eeo]l  [erol  [8001 [9T°07] 7
L¥'T ¥$'T LO0- EF1- 90°L 0r'g 1761 9¢°0 0r°0- 9L0 00~ €F0- 110~ 799" £9°0 v1°0- LLO  ¥I0- 0£0- 610  Pvl'e- | AVSTSSD
6¥'L €8°0 LT9 700 1L8¢  6L1I [0 LO'T LLO 50 €T $L1 180  6I°S L6'¢ 89°0 €T 610 90°¢1 S6's  LI'E A
[st11  [evol  [eenl ool [sov-]  [98°1-]1  [s6T] [csol  [prol ool [LLo-l (901 [syo-l [Lr1-1| [8+°1] ool  [oz1l [igol [ege]l  [eg1-] [eel 7
88T 87°0 0FT  $00-  wsa8bL-  #€9  wasOSVE | LLO €20 ¥$°0 120~ €€1- 9,0~ ¥LOI- | 8L €€°0 ST 600" wxxl9F  #86C 1901 | wed SO
60'8 €0°0 LI6  Tl't vL1 66'1 €0°0 68°6 vLTT SI'e 000 T9E  9T0 610 91'0 861 8I'l  OF'1 000 6C0 600 A
(i1l [600-1  [291-] [eeo-]  [8901  [eco]l  [e001 | [99711 (172l bLol (10071 [L6071 [szol [ccol| l6col  [voil  [080-1 [280-] [coo-]l [ec0] [2Tor] 7
wEl- €0 66T YTT L 58~ YOS | #99°€l wklTL  6€79 100 9U'Il-  0ST  66'11- | S81- 68°C vLy- 1€ 0T0-  9€°€-  SE¢6- | 1981 §SD
454 €01 €e 000 6v'CC S1'9 LY'LI 98°¢ €66 6L0 SLO  LSE €0 YTL Sy 6£C vET  $00 L1°01 9¢e  6hE A
1l [psol (ol (ool [s8c]  [se1-l  [svTd [oo1l  [o91l [s#0l  [evo-l [960-1 [gco-l [ov1-l| [29o1] lor1l  [sril [vrol  level  [8¢1-1  [1v1] 7
vLO LT°0 LSO 000  wxxC81-  60'1- %006 LLO wo S€0 900- 00  6T0-  $99- 9L°0 ST IS0 T00- %991  T60-  6EV SN
6¥'9 199 961 LST SLY1 wi 9591 eIy 910 993 Y00 $8T 900  88°€ XY €61 92¢ 650 65'8 9L1 8T A
Ly1l I8yl [eLol  locol  [eeel  [vrol  [8%°T] o1l [ocol 9601  [1r0-1 [9801 [cro-l [oo1-l| [LL1] (o1l [serl  lesol  [egcl  [2o1-l (L8] 7
81°0 vT0 PTO 900  #x88°0-  €€0- 6LV 61°0 100 L1°0 000  IT0- €00  ¥I'l- | %6C0 80°0 170 T00 %S0~ +T0- €60 | wid-Suog
6201 we 99 SO0 SL9T 06T wie 80°¢l L€l 0¢'S vl 6LL 110 206 | 60Tl 86°S €99 000 7681 ocy 10 A
61l [so1l  [op1l  [erol  [ogel  [LTi-l  [g6Td be1l  [1ocl g1l (9ol [yl [oro-] [Ls1-1| [28Td [e81]  [eocl [so0l  [89¢] [191-1 [9s1] 7
#00°1 620 L0 T00  #xxS6'T- €600 #xxL06 | #1077  4xLE0 $9°0 900-  SO'T-  OI'0-  TES | #x€0°T  #C€0  #xCL'0 000  sxxl61-  L80-  98°¢ | WIA-LOYS
gN+d  uequoN  pung  dio) jueq 33y a 7 dN+d  duequoN  pung dioy  yueg 33y a 7 gN+d  YuequoN pung  diop Jueq 33y Ia 7 B—
q1Z 150d | 1z | a[oum |

juawdunouue HINQOH 1eije %Nﬁ QU0 SMOJ dSN nb Q—A—Nrﬁ

30



"% Ul passaIdxd a8 S 37 IV "%0T > d 4 PUB %G > d oy ‘YT > d yyq "10YORIQ Y UL pApI0dar 21 SONSHRIS-) "7 1504 Pue

(Suneow £z Surpnpour) 17 :S107 W9 29 19yje pue 210j9q sojdwesqns om) ojur Jifds st spdwes sjoym Y[, "(sSuneowt G¢) 6107 W61 unf - Z10g w1 dos woiy st porrad
orduues a[oym a1 ‘SSD 04 *(sSunoour £5) 6107 WST dog - 10T Ui dog woiy s1I1 ‘SN 10, "sTunadw HNOA 09 SIP[UL YIIYM 0Z0T/61/10-C10T/E1/60 Woly st potrad
ordures sjoym a9y, "001 Aq peyrdure a1e syooys Aorjod Arejouour N pue ‘Jutod oIseq Jo JTun 9y} UT 318 Xapur [(] pue aSueyd splaik Jo yrog e+#+%oa uo Tty (7w
uorIssaI301 snosueIodwoluod unt om 9[qe) Jo wonoq Ayl uy ‘syooys Lorjod Krejouow 10 s10108] SPIAIA JO agueyd SAep DN 9y ST “T pue (¢17%4%0a) ownjoa Surkng
IB[[Op 19U dATR[NWIND 10 (TH#+y (7Tvy) aSueydo SN 2anemund sKep DN 1oiye sAep om) oy st 2H+4 azoym *# + *1eg + To = THHHi :uoIssaI3o1 Ay) UnI oA\ :SIJON

8L°0 SLyl 90 120 $9°0€ 9¢€l : w8t 1§11 9981  SI'L 800  8LL : 50 01'e 6LT  TE0 90°61 9781 : A
[st'0-1 [8c7l ol [sTol  [v9¢l  [81T] : vzl  [2ool  lece] [lect-l  [vrol  [syi-] : [sso-l il [eorl [epol  [ice]l  [eoeld . 7
61°0- 5xS1°C wo- 0" $5::560°C sV T : #30€C 9L'1- #xL9°C  SY'L- 0r'o L6°0- : or'0- LOT 9L°0- ov'l 35600 17 s SYL- : 1a
620 0’1 000  6V¢ 6¢'1 vS'l 200 LY'T 879 90 6Ty €10 S10 €5°0 YTl [AN3 0T0  0TT LO°0 S0°0 Se0 M
[szol  [eg0ol  [eo0l [Le01  [090] [¥901  [80°0] [6L°0] l6c1] [reol  [901-1 [810-1 [e1°01 [L£0] | [280] [tgrl [egol [601-1  [ozo-l  [91°01  [gpo0l 7

we LET SE0  vTT 6L L6°L (3% 20T STl 8L0 €50~ TLO-  8LO 81°S 91T [ ¥80  ¥90- 80" 89°0 979 | dVSTSSD
oL11 LST 99°L  ¥S0 oL1E 176 Sryl 000 171 91°0 ST 000 00 000 6¢°¢ €91 v6'1 $8°0 69°L 81°¢ 0s'y ey
log'tl  [egol  [v1]l [ego]l  [wel  [eo1-l  lordd [€070] [ssol  [ozo]l (1801 [200-1 [600-] [cool | [9gT] [ve0l  [zo1]l (2901 lore]  [egr]l (8¢l 7
+8C°S $6°0 Y LTO- #xx6601-  86'S-  xxC0TE | LOO 870 170 S€0- SO0  vE0-  TTO e $9°0 8LT  LTO- 886~ TLE 08I | wedssH
0z0 700 920 1e'e 9L0 €0°0 ¥0°0 €191 8I°¢ gocl 061 6I'T €91 0¢'8 96’1 SLO wl 1v'0 100 LY0 9Ll oy
[ezol  [orol  [9z0 1 [v60-]  [s¥0] 600l  [1rol | lerel (1601 [tozl  focol [scol [v9ol  lost-] | [g01] [0l 180l [0l [800-1  [os0l  [8670-] 7
80°¢- 50 09°¢-  00°¢ €9°L ¥S'l P8L- | «48€9C TS 4xl871C  8LT  16FI-  STEL  SEVOI- | IS6 97T STL 860~ TTI- 1€L  TL0S- | 1981 SSD

€86 8t W69 €0 08°S1 95T 90'11 TLo 200 18°0 170 €€0 000 901 ws $9°0 vey 100 6S°S ¥6°0 81°¢ A
[se1l [s90l  [p¥1l [scol  lecel (9801 [L8°1] [er0] [90°0] [st'0]  [zeol [6col [eo0ol  [eso] | [8L1] [0l 8511 [L00-1 [og1-]1  [eLol  [pel 7
#TS'1 €20 6TT 900" 08T €01~ +8L'8 0$°0 €00 LY'0 LO0O  TSO- 900  s€e | «IT1 91°0 SOT 100~ «€0°T- 80" €TS SN
L1Tl vT9 9§9  LI0 SL61 w0¢ €e61 89°C 09'1 99'1 SI'0 90 1o 100 L8'S €LT IS¢ $00 90°L Se'l 344 A
[Locl  [vp1l w1l lezol  [fore]  [86°0-1  [eLTd [€8°0] [¥9°01 [s90l [61°0-1 [veol [Lrol  [900-] | [061] [sc1l [sy1il [orol  [forel  [es0]l  [¥971] 7
#x86'0  LTO L0 €00  #x:891-  L90-  #x9€9 | €T0 LOO 910 100~  +10-  L00 600 | =90 Tro PEO 100 «x€80-  9€0- 81 | wiel-5uo
98°€1 YLT SL'6 800 ¥TST 90°S 4314 9 Tl 8'S PE0 661 800 v6'€ 8601 P81 968 S00 8TYI S0'¢ LIS A
[ezel  [ee0l  [e81] [Orol el el [beTd l6z1] [es 0] loc1l  [ecol [1col [vrol  [1o1-] | (89T [bo1l  [egel  [rol  Direl  [ser-l 81l 7
wELT 620 PP T €007 wwbl'E PRI ws8UTL | 90'1 LT°0 88°0 SO0 T60- 610 €9% | swxlb L €T0  sxbTD  TO0  wxsSLT- 9TI- 4TSS | WIA-LOYS
gN+d  duequoN  pung  dio) Jueq 33y a 7 gN+d  YuequoN  pung  dio)  yueg 33y a 7 gN+d  YuequoN pung  diop Suegq 33y a 7 B—

A1Z 150d | a1z | a[ouM |

juawrdunouue HINQOH 19je m%ﬂﬁ oMm] smopg dSsn uw Q—H—ﬂr,—,L

31



"9 UL passAIdXa d1e S 7 [V "%0T > d 4 PUB 4G > d ey ‘YT > d ey IORIQ O} UL pOYIOdaT SJ€ SOTISTIRIS-) " TZ 1S0] pue

(Suneow £z Surpnpour) 17 :S107 W9 29 19yje pue 210j9q sojdwesqns om) ojur Jifds st spdwes sjoym Y[, "(sSuneowt G¢) 6107 W61 unf - Z10g w1 dos woiy st porrad
orduues a[oym a1 ‘SSD 04 *(sSunoour £5) 6107 WST dog - 10T Ui dog woiy s1I1 ‘SN 10, "sTunadw HNOA 09 SIP[UL YIIYM 0Z0T/61/10-C10T/E1/60 Woly st potrad
ordures sjoym a2y, "001 Aq peyrdure a1e syooys Aorjod Arejouour N pue ‘Jutod oIseq Jo JTun 9y} UT 318 Xapur [(] pue aSueyd splaik Jo yrog "€+ +%oa o €ty (v
uorISsaI301 snosueIodwoluod unt om 9[qe) Jo wonoq Ayl uy ‘syooys Aorjod Krejouow 10 s10108] SPIAIA JO agueyd SAep DN 9y ST “T pue (€17%4%0n) ownjoa Surkng
IB[[Op 19U dATR[NWIND 10 (£1#+y (7vy) eSuryo SN 2anewnd sKep DN Ioe sAep aa1yy ay) st €144 aroym *#3 + *xtg + €0 = €4 tuorssorSar oy uni op\ :SOION

€6'8 LST1 181 020 L81T 9Tl : 0¢'s 70 WS 10T 9T0 €90 . 901 (4% $0°0 $0°0 8L°01 ST6 : A
L 1] logTl o0l [szol [S6c] (8617 : 8111 fegol  loTi-l [iso]l [szol  [ot0-] : [6L0] [co1] [crol [srol [s9cT]  [epT] : 7
#S9T  xx68F PLO LS80 sxEV - xlDI- : 6¢'1- 60'1-  091-  SST- 910 STO- : 190 0 Tro V0" w607 160" : a
90°0 61 S0 $0°0 86°0 €91 €0°0 98°C 68°L SS0 98T  L00 960 0r'C w1 LY 1o 8€°0 100 S€0 YTl M
[ero] (o1l [eol [forol  [1sol  [9901  [6001 | [9g0]  [9¥11  [e0] [690-1 [erol [evol  [8L°0] [¥8°01 les1l kol  [sto-l  [sool  [epol  [e80] 7
€l 98 €€ 670 S6'8 8501 96 0r'C LYl €60 90~ 9L0  0LT g€l 1T 9L'1 §9°0 Se0- €€°0 6€C €CPL | AVSTSSD
434 06°0 veE8L 0TS veEl 18°¢ P0'1T S0 100 190 SS0 €Tl L0 ! L9°T €0 6'€ €50 €I'e 89°0 LO'6 M
[sozl  [8v0-1  [evdl  ler1-l [ooc]  [or-l [eoddl | [ego-l (9001 [e€0-]  [Lgol  [9s01  [evol  [09°0] lict) ol w1l [esol o1l [ogo-l  logdd 7
#:€C9 690 #xT69 90l sxb0I- L6 ssx€0FY | 160" 00~ 980~ TCO0 LT  €0T 206 vET €€°0" L9T  8TO-  9E- 60T wxbC9C | Wwed SO
200 €Le 150 0€°0 €00 €0°0 €€°0 $6'9 e LTS SLO 90 THO sLel Il 0¢'e 70 000 010 LO°0 §403 A
[80°0] o1l  [eol [8zo-l [800-1  [600-1  [ezo]l | [eetl w80l 8111 [#p0l  [ovo-l [ecol  [161-] | [L8°0] [pe1l [be0l  [co0-]  [ezo]l  [e10]  [8¢1-] 7
erl €9 8I's-  SI'l- 661" 00C-  vLYT | 8061 ey 89F1  0ST  9¥Il-  TI'6  «E9SI- | +L'S 6¥'S STE 900~ 061 8L°¢  00°€8- | 19811 SSH
yLT LEO 8TSI 69°¢ 18°¢ 90 8¢yl €0°0 1€°0 000 €81 €00 100 000 66'% S€0 68'9 ¥9°0 €re 620 49 A
[cozl  [ego]l  [seal o1l [ierl [ogo-l  [erad | [600-1 (8201  [zool  [8901 [800-1 [so0-1 [zoo-l | [octl  [yvo-l  [coel  [090-1  [601-1  [oro-l  [081] 7
#3881 YI'0-  #xC0T  8CTO- LT LSO~ saSEIL | 110 €10 00 I1T0 o~ TI0-  SI0- +8T'1 YIO- wxl¥T TLO- LLT- 190- %118 SN
06°S1 $S°0 ¥9'81 S0°0 6T'L vE0 ¥9°5T Sel 60 80 00 910 LOT 99'1 6L'S 200 LO'9 LO°0 0€C S1°0 8T°6 A
[erel ol (99Tl [ero]l  [os1-]  [eeol  [ezel | lesol  [syol  [ovol  [orol [ozol [cs0l  [$9°0] [68°1] [o1°0] [b6'1l  locol [Tl [6To-]l  [ppT] 7
#6101 010" #+x6T1 TOO-  9¥I- 600" 4xxb€8 | 810 S0°0 Tro 100 TI0  I€0 61l #6770 100 870 100 99°0- SI'0- #xL9°€ | WI-Suo]
89'1¢C LSO €6'7C It S6'S1 96C SLTE 0Tl 200 Ir'L 89T LI'0O 600 L9°0 PO'1L L1°0 PEEL 000 0$'8 01 9¢°01 A
[eeTl  [erol  lizel [e6so]l  [eve] (Lol [esel | [ss0l  [Lo0l  [0901 [s90l [izo]l [stol [vol | [89cl  [1gol  [e6cl  [so0l  [eee]  [eri-l  [6sTl 7
wex0€T  9L0"  waOPT  ST0- #xLS'€- THI- sxx6SSI | IS0 200 6F0 10 8€0-  LTO 1€T | #0668 T 800" wxxl9T 1000 #xL6T-  LET-  #xx80°6 | WIA-LOYS
gN+d  YuequoN  punj  dioD Suegq 33y a 7 gN+d  uequoN  pung  dio)  yueg 38V a 7 dN+d  YuequoN  pungj  dioD Juegq 33y a 7 B—
A1Z ¥50d | a1z | aroum |

DINOJ-1s0d sAep va1yy :smof dSN 6 eL

32



"% Ul passaIdxd a8 S 37 IV "%0T > d 4 PUB %G > d oy ‘YT > d yyq "10YORIQ Y UL pANI0dar 21 SONSHRIS-} "7 1504 Pue
(Suneow £z Surpnpour) 17 :S107 W9 29 I9yje pue 210J9q sojdwesqns om) ojur Jifds st spdwes sjoym Y[, "(sSunoowt G¢) 6107 W61 unf - 710z we¢ | dos wouiy st porrad
opduues djoym ay ‘SSD J0q “(sSunodur £5) 6107 PYT dog - 10T YT dog woiy s1I1 ‘SN 10, "sTUndW HNOA 09 SOPN[OUL YIIYM OZ0T/61/10-C10T/E1/60 WOy st potrad
ordures sjoym ayJ, "001 Aq peyrdure a1e syooys Aorjod Arejouour N pue ‘Jutod dIseq Jo JTun 9y} UT 318 Xpur [(] pue aSueyd spaik Jo yrog 7+ +%oa uo T iy (v

uorIssa1301 snosueIodwoluod unt om 9[qe) Jo wonoq Ay} uy ‘syooys Aorjod Arejouow 10 s1030€] SPIAIA JO agueyd sAep DN 9y St “r pue (¥17440a) ownjoa Surkng
Ie[jop jou aAne[nwND 1o (FH##y (7vy) 9Sueyo SN dAnewnd SKAep DN Ioye skep anoj oy st ¥H4 axoym # + *o¥g + To = YT tuorssaI13o1 oY) uni op (SIION

vTST SLTI Wy I€E 6Y6T  896T 81T STl vLO  8€T  ¥I0 100 r'e 08T ¥80 SO0  SS8  99°¢ A
logel  [eodd Lzl leot]  logel  loved [sso-l  [vso-l  levo]l [esol [61°0]  [0°0-] o1l lez1l  locol  [ero] leeTl L8] 1
#€8T  wwlV'€ 00T 6I'€T  x9€T-  4x60'I- T60-  8L1-  9¥0-  T¥T 010 200 vLO v0'C S0 €V0- %489°0- %090 1a
Y01 €€y 000 e zro 000 90 we 1971 8¢y LLY 810 TEE 340 w®r €8 88’1 69C 000 L8O 00 A
[csol  [8011  [1ool  [96'0-1 [8rol [cool  [seol | [egrl  [isl  [sonl [eri-l [icol  [€6°0] [ecol ol [po1l  [o1l  [ierl [eoo-] 8901 [9t0l ?

LS9 8€'9 610  L0E- T8¢ 1€0-  v¥IT | 18§  «00T  L8E€  660-  LST  9¥9 €€'9 86'S s€T €€ 60T-  TCO L9V v€'8 | dVSTSSD
9Tl LUt 0€ST  $9S  €€6I 209 YLLT 100 000 100 900 TI'T 611 000 69T a4 wWe 690 €T 0L0 vL9 M
lce1l  [sgo]l el [szid [erel  lectl  [orel | vool (10071 [voo]l [erol  [esol  [s5°0] (€00l liecil Isyol  [sy'il (9o [ortl (1901 [961] 1
«00L  TOT-  #xC08 0TI~ #:0TEl-  T¥L-  #xLTTS | €10- 100~  TI0- 010  THE  8€€ €50 so€ 6170 €€ 8€0-  ISS- ¥8T sxS€C | wedsSO
17’0 L€ L0 LSO v8'T 6v'1 6£0 ov's 90 €S 8TT 68T 900 01'1C 10C 0£'C 1L0 980  6TT  ¥€0 109 A
[ecol  [e60]  [ero] [8€o-] [ocol 90l  [eeod | o1l [ivol  [ernl [eso] [690-] [€r0-]  [65T] vorl  [erml [eool (890 [es0l [evo]l  [v871-] 7

s 80'8 LT ILT- €S0T-  €§91-  €€LT- | L6€T  vvT  €S1T 09T 16'STT ¥V ##+76'9TC | OSED 89°S WL LT ISTT 8101 «S8'€Ell- | 198101 SSD
8L°01 611 V€l 96'€ 19 Y01 LEST v10 66'C 60  L1'0  T00 000 68'1 €€y 9’1 voL  OLT  ST'T  ¥K0 e A
pg1l  [8s0-l  [80al [eo1] [se1l g0l [ozel | [8rol (8801 [syol [izol [Loo] [oool  [690-] 8511 [veol  [vozal (860 [orTl [evol  [LeT] 7
#S0T  TEO-  wxl€T  TEO-  9LT vOT- x0TI | $EO 90" 180  600- STO- 100 119 (g LEO- %681  ¥TO- T €60- 9 SN
1861 1€T €10z 120 9L 80 80°6C | 6¥'9 wy 65 VT Y90 8EY 0’1 Ir'6 200 w6 6€0 €T  $00 €8 A
livel  [ogo]l  logal [szod [og1-l  lecol  [esel | [eerl  [sorl  [ornd [ecol [ovol  [LoT] [ssol svel  lorol  loval [8vo] [s601 [yrol I8zl 7
w1 STO-  wxxl9T  $00- 6L THO-  #xx[06 | SSO €10 o 800~ TE€0 080 a8 #180 100 #x6L0  FO0-  L90- 600  #x6§€ | WiI-Fuo]
vS1T 95'T v0'SsT  ¥T0 79Tl 95T LE9E | 69T vT0 vLT  T00 00 IS0 €9'7 6011 150 €€l 000 89 10T sT8 A
el loco]l  lezel lezod [erel  locol  lieyl | [egol  [szol  [¥s0l [co0-] [oro] [9col  [+9°0-] leoel  Irsol  Loel  [ool [rozl Lol I8zl 7
wL'T VE0T #xx80°€ 8000 wx[6€  STT- wxxl99T | 60T 010 660  TO0-  vTO0- €80 L0V | 40T LTO-  4sCCTT 0000 #+€T°€  SI'T-  4TH'S | WIN-OYS
gN+d uequoN  pung  diop  yueg 33y Id | N+ uequoN  pung  dio)  yueg S8y Id | gN+#d uequoN  pung  dio)  ueg  S3y a | B—

41Z150d | 11Z | s10uM |

DINOA-1s0d s£ep oy :smoy dSN (] dYeL

33



"9 Ul passaIdxa a8 S 37 IV "%0T > d 4 PUB %G > d 4y ‘YT > d yyq "10YORIQ 9Y) UL papIodar a1e sONSHRIS-1 "7 1504 pue

(Suneow £z Surpnpour) 17 :S10Z W9 29 193je pue 210j9q sojdwresqns om) ojur Jifds st ojdwes sjoym Y[, "(sSuneowt 6¢) 6107 W61 unf - 710z W dog wouiy st porrad
ordures djoym ay) ‘SO 10 "(s3unedu £6) 610 WST dos - 10T W dog woig s1I1 ‘SN 10 's3unaauw JNOA 09 SOPN[IUL YoIyM 0Z0T/61/10-C10T/€1/60 Woly st potrad
ordures sjoym a2y, "001 Aq peyrdure a1e syooys Aorjod Arejouour N pue ‘yutod dIseq Jo J1un 9y} UT 218 Xapur [(] pue aSueyd spaif Jo yrog "1+ +%oa uo Sty (v
Uo1s$21321 snosueIodwa]uod UNI am ‘9[qe} Jo woyoq ay) Uy "syooys Aorjod A1ejouow 1o s1030e) SPAI& Jo afueyo sAep DINO oy St *& pue (¢++4%0q) swnjoa Suikng
IR[[Op 19U 2AR[NWIND 10 (ST#7Y (7Tvy) aSuryo SN danenwnd sKep DN Ioe skep oAy oy st ST aroym *# + *oSg + S0 = ST+ :uorssaI3o1 oY) uni op :SAJON

9’8 901 0£C 980  STLI  SE8 : o €1l SLO  ¥00 16T ¥TI : 99°¢ 6T€ 89'1 vT0 IS8 89F : &
Lol leetl  [sgol  [esol [vsz] [891-] ’ treol  [esol  [evol [orol [ocol [950-1 ‘ el Oyl foorl  [eodl [eez]  [691-] ‘ 1

# 17T *00Y ILO  9VT-  wTIT-  +€8°0- ’ 610  8¥I- 660  vEO-  8€0-  I€0- : L8°0 €€T 090  €L0- 690" %SS0- : 1a
L8°0 LST 600  IL0I  SSO €90 1S°0 vS$'8  99€l  6I'F 1901 T80  ¥EO 660 8y vL'S 6L1T  00S 080 100 950 A
[syol  [egol  [srol [LL1-] [s€o] [ivol  [ocol | lestl  [ee1l  [so1l [ei-l [syol [ecol  [ogol sl log1l  [8601 [L971-] [s90-1 [9070-] [ss0] 1

or'L 76t 9T «9SL- 196" LL6~  68'8T | T89  #xIST  I€Y 8L 60€ SO 9€'6 €6'9 #69'C vOr #6007 1€S- LY0- LTI | dVSTSSD
LLTT €00 9TIT  ¥00  €STI T ¥KOT | 200 10T €00 110 120  8I'0 09'T 60°€ 800 98C 200 16 9L 888 A
log1]  [600-]  [eg1l  loro] [ee1-] [ogo-]l  [sszl | [ool  [1s0l  [800-) [Lro-] [ezol [izo]l  [¥90] loctl  bizol  [szil  [rol  [s91-]  [Le0-]  [ized 7
SPES 910" xIS8  FI0-  #LOPI-  L8'S  #xx€9S | 620 090 1€0- 910 9€1-  €TI- €70l 68°€ o L€ 600 %868~  00°S- #+950¢ | Wwed SSD
60 88'1 €Tl 98C 800 201 600 90°¢ 8L0 vLT 970 LSO ¥I0 €1'81 070 71 000  OF'I 1o 80 T A
[ceol  [icol  [esol 801 [pro] [esol  [orol | [6s0l  [pwol  [¥80] [9z0] [8co-] (810l [sec] | [eeol  [egol  [cool (2801 [vzol [izodl [lor1-] 7
LLY" WS 6STI- LES-  TEY 90LI-  PULL | €80T SO€  LLLT  €¥1- €UEl- LT9  sxLV'VOT- | TOS 99y 9€'0  L8'€-  LL'9-  T9S-  9¢'8L- | 19811 SSD
LLY v10 869  LID  0€€ 900  06SI | 6¥0  ¥TO L80  LI'O 690  8I0 010 we LT0 LTy 900 86T 610  TS9 A
vl lozo]l  [sy1l  [eewol [860-] [ero]l loezl | [seol [szol  [vol Lizo]l [evol [ezol [orol | lovrd  Ligol  [ss1l [erol [sor-] [eeol (9671 7
86'T 110- 0I'c 600  6£T-  I€0-  #«LSST | SL0  SI'0- 060 0I'0-  0€T-  990- 8¢’ 191 €1°0- vL1 900  9€T- 890" xI€0I SN
6€G1 €l LT 100 €18 ¥S0 08T | 8L 61°S 61S  TLY  ¥60  0€0 97T L8'6 LT0 06 €10 ¥I'S 950  €FS A
lLeadd  lovo]l  Lssal [soo) o911 Livol  leral | Oiwil vl kil ol leyol [8zol  [ocol lesad  lovol  loval  lezod Lec1-l leso]l  [esil 7
#O0LT 8100 4488’1  100-  «bTT-  $S0-  #8SL | 890 LT0 IS0 €10~ 9€0-  0T0 w$l #4860 900 4760  €0°0-  «9€T-  THO-  #8T’€ | W-Suo
W $90 98cc 19T  v6TT  OF0 160 | OLT 11 SIT 110 LST  ¥00 900 (438! €00 seTr 80T 0T6 ST SrL A
veel  [syo-l  leoel  Lieol [soc] [seo]l  [ogzl | [egol [ssol  [peol Lol [e9ol [600-]  [erol | [seed  [erol  logel  [irn)l  [eye]l g0l  loral 7
#aSEE €0 4x485'€  9€0  wx8Vbm  LLO- #xx€091 | 9T $T0 10T 900~ I¥'I- 170 SLO- | #xx8VT  SO0-  wxxTST  TEOD  #x9TV  LV1- 4106 | WIA-MOYS
gN+d juequoN pung  diop  yueg 33y Id | gN+4 SuequoN  pung  dio)  ueg S8y Id | N+ uequoN  pung  diop  yueg Sy a | B—

41Z ¥50d | 1z | aroum |

DINOA-1s0d skep aay :smopy SN T dqeL

34



"% Ul passaxdxa d1e S 3 [[V "%0T > d 4 PUC %G > d 4y ‘YT > d 4y 19YORIQ OY)

ur paytodar are sonsnels-1 "g1Z 1504 pue (Suneewr £z Surpnjour) g7 :S10C W9 9o I9ije pue a10jaq sofduresqns om) ojut Irfds st ojdures sjoym oy ], "(sSunsaw ¢6) 6107
N6 unf - 710 Wel dog wouy st porrad ojdures ajoym ayy ‘SSO 104 *(s3uneaur £6) 610 WST dog - 107 WeT dog woiy stIr ‘SN 104 "sSunedur JINOA 09 SIPNIOUT Yorym
0202/61/10-T102/€ 1/60 wouy st potiad adures ajoym oy, 001 Aq payrdure are syooys Ldrjod Arejouow SN pue ‘Jun [eutdLo oy ut st xoput [ "$4¢7*0a uo ““ 2!y vy
uoIssa1301 snosuerIodwaIuos Unt 9m “9[qe) Jo wonoq ay) uy ‘syooys Lorjod A1ejouow Jo $10108] SP[AIA Jo a3ueyo sAep DINOL Y ST *x pue (§-24%oqa) swnjoA Suiknq
Ie[[op 19U dAnR[NWND IO (¢ &NQQV aSueyo (SN sanemund wdg 03 wdy sKep DNOL oy St £ Num aoyMm P + trg + 0 = £ Num (UOTSSQISAI Q) UNI 9pN :SIION

6v'¢ L8°61 000 e €99¢ LI'IT €0l LT'LT S9'1 9y oLee 60°ST 209 06°LT ¥9°0 €0°¢ 8THE wie M
[oo1l  [eeel  [eool [o01-1  [sov-]1  [68°C] foc1l 8Tl [s90l  [vO'1-]  [9se-]  [687C] [eo1]  losel  [190]  [se1-]  [oss-]l  [86¢-] 7
[SOX s LL LT 800 6T 1S sesewl€L  #%298°C w8V IT %xL8'1€ 65t €6'0L"  #%xTO66~  #xx(8°6™ %96V wxxLS1T L91 WSS wewwbT'8  wuenSIL- 1a
000 68°S 91’1 000 e 18T 000 Tro ¥T6l S 90 £6°6¢ 8L'8% Se'Ty 000 €5°C SE'0 ST0 1911 09°61 €8'1C M
[eool  [8T1-1  [ssol [100-]1  [sLol [£80] [eool | [Lro-]l  [¥¥Tl [cc1-1 weol  [ice] [88°+-] [6Tv] [so0-0] [Lr1l levo ]l [Lgol [¥9¢- [e17¢-] (s8¢l 7
60°0 ve1- it 000 9T 96T SSl 800~ #xSY0 50 00  wwrPlT 8T sn6l'IS | €00 €0 870~ 00 #xx6E€T  #xxSET sn6ELY | AVSTSSD
€S11 LE'SE W pLel £6°01 erLI €0°6% S1°0 €691 9T 0SSt wie 10'8C 0L9S LY'S L1°ST 91°0 68Tl ¥6'6C ¥17C oL'es M
[¥8°1] [LL€l [Ls0l  [s6'1-]1  [¥TH] [vec] [oo°s] [61°01 [eTel loco-l  [vrel  [09¢] [zr¢-] [zLesl [sL1l [zT] [6c0l 08T oL+ [88°¢-1 [¥8°L] ?
«9P'1 s [07] S0 #80°0"  ##x€E€C #2961 %xx5S°8Y LO0O #x9€°0 670~ #%80°07  #xxS8' 1~ #4298~ %xx8L'IS | %6L°0 w35%L9°0 €10 #5480°0"  #5x€9T  #xx161"  #4x9L°0S | Wed SSO
20T LLO Sve o 879 (54 09'1 198 493 871 STy 6L0 €5°L 00T ore¢ €¢'l 1SS SE0 Tl 90°0 891 A
[ecol  [syol (960071 [ggol  [¥eT] (180 [so0l | [¥s1-1 9601  [90T-1 [so1-]1  [s¥0-]  [ep1-] [ccol | logt-l (w801 [oL1-]  [g+07] [8L°0] [81°07] [s6°01 7
LT L9°0 I7'e- L0 S6'S 8T'¢ TE6¢ 6T 860 LTV ¥TO0- 80°C 19°6- 9L9S LOE- 8L°0 %$8°¢- LO0- 19T €50 01'9% | 108181 §SO
88'¢ € S0 LI9 YT 8¢ STET L6TS 9’1 LTT €6'€ €1°0T 68T ce'8 TEse 171 18°9C LLO $0°01 9%°0T 09°L1 09Ty A
[oo'1l  [s9v]  [ecol [9¢1-1 o141  [16C] [zosl | [s90-1  [orol  [1o1-1  [isz]  [980-1  [1sT-] l6o¢l | l6s0l  levvl  [s90-1 (81  [ore]l  [eve] [6€791 7
LTO  wsxl€0 0100 TO0- w01’ 1" 5sexS8°07  5xslTO1 | €1°0- LO0O 070"  #x500-  9€0- €6°0-  wx€FIT | 910 #4870  TI'O-  #x€0°0"  #:x88°0"  sxsSL'0-  ##x96'LI SN
dN+d uequoN pung dio)  yueqg 33y 1a 7 dN+d  MuequoN pung  dio) suegq 33y 1a 7 dN+d uequoN pung  dio) suegq 33y a 7 P—
g1Z 1s0d a7z CIRLNY

(mopurm wdg-wdy) skep DINOA 10§ synsar [eoundwy g [qeL

35



Table 13: Forecasting USD change with yield changes, controlling for post-FOMC

yields
Post ZLB ‘ Day 1 Day 2 Day 3 Day 4 Day 5
Short-term factor 8.89*F*F*  10.83%** 15.76%*F*F  16.82%F*  16.52%**
t [2.80] [2.76] [3.78] [4.26] [2.95]
Short-term yields control 0.93 3.94 491 5.47 -2.24
t [0.17] [0.66] [0.95] [1.25] [-0.40]
Long-term yields control 1.18 0.00 -1.21 -0.68 297
t [0.40] [0.00] [-0.42] [-0.33] [1.11]
R? 23.61 24.38 35.67 4221 26.31
Post ZLB | Dayl Day 2 Day 3 Day 4 Day 5
Long-term factor 4.64%* 5.99%%* 821%#*  8.02%** 8.58%**
t [2.32] [2.44] [2.95] [3.40] [2.38]
Short-term yields control 0.85 4.06 1.79 3.55 -5.52
t [0.15] [0.66] [0.31] [0.74] [-0.94]
Long-term yields control 1.11 -0.90 -0.29 -0.04 4.25
t [0.37] [-0.30] [-0.09] [-0.02] [1.50]
R? 18.21 20.74 26.13 32.79 19.94
Post ZLB | Day1l Day 2 Day 3 Day 4 Day 5
NS shock 9.527%%* 9.25% 12.13%* 13, 7#%%*  1575%%*
t [2.53] [1.92] [2.22] [2.59] [2.23]
Short-term yields control 3.11 5.66 8.42 9.75% -0.87
t [0.48] [0.77] [1.21] [1.67] [-0.12]
Long-term yields control 1.29 -0.16 -3.08 -2.55 2.49
t [0.36] [-0.05] [-0.78] [-0.90] [0.73]
R? 22.01 14.97 19.69 25.95 20.89
Post ZLB ‘ Day 1 Day 2 Day 3 Day 4 Day 5
GSS target shock -17.29 -16.68 -8.88 -13.90 -18.11
t [-0.28] [-0.22] [-0.10] [-0.16] [-0.16]
Short-term yields control 4.56 8.83 7.21 8.51 -5.10
t [0.57] [0.88] [0.78] [1.09] [-0.52]
Long-term yields control 2.44 -0.42 -4.13 -2.65 4.17
t [0.55] [-0.11] [-0.89] [-0.79] [1.03]
R? 5.35 3.97 3.74 5.09 5.47
Post ZLB | Dayl Day 2 Day 3 Day 4 Day 5
GSS path shock 33.06%**  29.79* 43.12%%  50.04***  53.96%*
t [2.72] [1.82] [2.48] [2.99] [2.40]
Short-term yields control 3.75 4.45 4.19 6.44 -5.44
t [0.53] [0.46] [0.51] [0.97] [-0.63]
Long-term yields control 1.18 -0.11 -3.46 -2.65 341
t [0.30] [-0.03] [-0.85] [-0.94] [0.97]
R? 27.36 15.45 23.34 30.80 23.65

Notes: We run the regression: ADX 1y, = ap, + Bia®s + PonAysei+n + B3nAyle 4n + €.
where ADX; ;. is the h days after FOMC days’ cumulative USD change. z; is the FOMC days’
yields factor change or monetary policy shocks, and ys; ¢+ and yl; 11 is the h days after FOMC
days’ cumulative change of short-term and long-term yields controls, respectively. The Post ZLB
sample period is from 12/16/2015-01/19/2020 which includes 33 FOMC meetings. t-statistics are
reported in the bracket. *** p < 1%, ** p < 5% and * p < 10%. All R?s are expressed in %.
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Table 14: Monetary Policy Shocks to Short-term Yields

Whole | FOMCday | Dayl Day2 Day3 Day4 Day5

NS 0.95%%* | -003 -001 -0.11 -0.11 -0.10
t [9.23] [-027] [-0.07] [-0.55] [-0.52] [-0.39]

R? 60.75 013 001 055 048 027
GSS target 2.17 2104 112 078 098 228
t [1.01] [1.77] [0.85] [0.43] [0.46] [0.95]

R? 1.90 560 135 035 041  1.66
GSSpath | 2.36%#* 013 038 046 064  0.68
t (8.74] [0.56] [1.51] [1.32] [1.58] [1.46]

R? 59.05 058 414 319 448  3.86
GSS LSAP 0.85 028 056  094% 1.10%  1.02
t [1.40] [0.82] [1.52] [1.90] [1.88] [1.51]

R? 3.59 126 418 639 627 4.1l

ZLB | FOMCday | Dayl Day2 Day3 Day4 Day5s

NS 11255 007 014 032 033 042
t [6.69] [0.47] [0.81] [1.41] [1.31] [1.63]

R? 64.17 088 258 733 642 964
GSStarget | 7.53%%* | 3.64%% 100 353  3.56  5.04%
t [2.77] [2.42] [0.51] [1.38] [1.29] [1.78]

R? 23.54 1898 1.03  7.09 623 1125
GSSpath | 1.96%** 001 022 044 067 072
t [5.42] [0.05] [0.67] [0.99] [1.43] [1.44]

R? 54.07 001 176 380 752 770
GSS LSAP 1.07% 045 056  0.93* 1.13*x 0.97*
t [1.87] [1.43] [1.51] [1.92] [220] [1.74]

R? 12.24 756 832 1283 1626 10.77

PostZLB | FOMCday | Dayl Day2 Day3 Day4 Day5

NS 0.87%%* -0.08  -0.09 -032 -032 -0.34
t [6.63] [-0.51] [-0.49] [-1.12] [-1.03] [-0.91]
R? 61.06 0.90 0.85 431 3.62 2.85
GSS target -1.80 0.98 1.25 -1.26  -0.93 0.20
t [-0.60] [0.55] [0.71] [-0.50] [-0.29] [0.05]
R? 1.36 1.14 1.88 0.96 0.33 0.01
GSS path 2.79%%* 0.23 0.51 0.42 0.55 0.64
t [7.06] [0.59] [1.33] [0.75] [0.79] [0.76]
R? 65.75 1.32 6.33 2.13 2.34 2.20
GSS LSAP -1.84 -1.63 0.30 0.85 0.66 1.62
t [-0.85] [-1.29] [0.23] [0.47] [0.29] [0.59]
R? 2.68 6.00 0.20 0.84 0.31 1.32

Notes: We run the regression: Ay, ;14 = o + Sy + €;. where Ay, ;14, is the h days after FOMC
days’ cumulative short-term yields change and x; is the monetary policy shocks. The whole
sample period is from 09/13/2012-01/19/2020 which includes 60 FOMC meetings. For NS, it is
from Sep 13th 2012 - Sep 18th 2019 (57 meetings). For GSS, the whole sample period is from Sep
13th 2012 - Jun 19th 2019 (55 meetings). The whole sample is split into two subsamples before
and after Dec 16th 2015: ZLB (including 27 meeting) and Post ZLB. t-statistics are reported in the
bracket. ¥¥* p < 1%, ** p < 5% and * p < 10%. All R?s are expressed in %.
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Table 15: Monetary Policy Shocks to Long-term Yields

Whole | FOMCday | Dayl Day2 Day3 Day4 Day5

NS 1.40%%* 004 -001 -0.16  -0.07 0.26
t [4.21] [0.14] [-0.03] [-0.36] [-0.12] [0.44]

R2 24.38 004 000 024 0.03 0.35
GSS target 1.05 571%% 428 4.84 541  11.50%
t [0.21] [1.98] [1.03] [0.98] [0.87] [1.72]

R? 0.08 690  1.95 1.76 1.39 5.26

GSS path | 4.87%*x 038  0.86 1.32 1.78 2.08
t (6.71] [0.66] [1.06] [1.38]  [1.48]  [1.58]

R? 45.94 081 207 3.46 3.95 451
GSSLSAP |  6.09%** 0.55  2.70%% 3.84%kx 488wk 4 55%*
t [5.17] [0.65] [236] [2.89] [2.93]  [2.44]

R? 33.54 079 953 1364 1393  10.10

ZLB | FOMCday | Dayl Day2 Day3 Day4 Day5

NS 2.23%% 031 048 0.78 0.92 1.12

t [3.05] [0.72] [0.74] [0.98]  [1.08]  [1.30]

R? 27.16 202 213 371 4.46 6.37
GSS target 12.34 9.44%% 324 9.42 1041 15.64%
¢ [1.35] [2.12] [045] [1.07] [1.10]  [1.67]

R? 6.76 1529  0.80 4.41 4.62 9.98

GSSpath | 5.53%* | -0.02 093 1.85 1.93 1.98
t [4.63] [-0.02] [0.75] [1.24] [1.20]  [1.20]

R? 46.21 000 222 5.78 5.41 5.47
GSSLSAP | 6.35%** 0.54  230%  3.66%% 478k 446k
¢ [4.67] [0.57] [1.71] [229] [291] [2.59]

R? 46.56 129 1042 1731 2535  21.13

Post ZLB ‘ FOMC day ‘ Dayl Day2 Day3 Day 4 Day 5

NS 1.00%** -0.12 -0.27 -0.64 -0.60 -0.19
t [3.62] [-0.41] [-0.69] [-1.30] [-0.92] [-0.25]
R? 31.82 0.59 1.68 5.66 2.92 0.22
GSS target -1.32 3.11 5.27 1.64 2.09 8.70
t [-1.55] [0.97] [1.16] [0.33] [0.28] [0.94]
R? 8.42 3.47 4.92 0.42 0.31 3.28
GSS path 3.90%** 0.55 0.47 0.24 0.88 1.71
t [4.90] [0.76] [0.45] [0.22] [0.53] [0.82]
R? 48.02 2.18 0.77 0.18 1.09 2.55
GSS LSAP 2.66 -0.67  5.74% 4.12 3.22 3.48
t [0.75] [-0.28] [1.80] [1.17] [0.60] [0.51]
R? 2.10 0.30 11.03 5.01 1.38 0.99

Notes: We run the regression: Ay 1y, = oy, + Bpx + €. where Ay, 4, is the h days after
FOMC days’ cumulative long-term yields change and z; is the monetary policy shocks. The
whole sample period is from 09/13/2012-01/19/2020 which includes 60 FOMC meetings. For NS,
it is from Sep 13th 2012 - Sep 18th 2019 (57 meetings). For GSS, the whole sample period is from
Sep 13th 2012 - Jun 19th 2019 (55 meetings). The whole sample is split into two subsamples
before and after Dec 16th 2015: ZLB (including 27 meeting) and Post ZLB. t-statistics are
reported in the bracket. *** p < 1%, ** p < 5% and * p < 10%. All R?s are expressed in %.
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Table 16: Post-FOMC Yields change and USD change comovement

Whole | Dayl Day2 Day3 Day4 Day5

Short-term | 438 545 3.8 441  2.58
t [1.38] [1.53] [1.05] [1.54] [0.91]

R? 319 38 187 391 141
Long-term | 2.86%* 3.10%* 1.64  1.89% 1.84
t [2.01] [2.22] [1.24] [L71] [1.57]

R? 6.52  7.84 259 480 4.07

ZLB | Dayl Day2 Day3 Day4 Day5

Short-term | 1.31 -0.60 3.19 524  4.26

t [0.2] [-0.08] [0.48] [0.77] [0.67]

R? 0.16 0.03 0.93 2.29 1.78
Long-term | 2.31 3.50%* 234 3.26% 211
t [1.04] [1.87] [1.23] [1.69] [1.12]

R? 4.11 12.23 572 1020 4.74

Post ZLLB ‘ Dayl Day2 Day3 Day4 Days$s

Short-term | 3.56 4.97 1.76 3.74 2.18

t [0.94] [1.15] [0.5] [l.17] [0.64]
R? 2.77 4.10 0.81 426 129
Long-term | 1.82 134  -028 074 175
t [0.88] [0.61] [-0.15] [0.49] [1.08]

R? 2.46 1.18 0.07 078  3.60

Notes: We run the regression: AUSD; i1y = o + By 4 + €. where AUSDy 4, is the h days
after FOMC days’ cumulative USD change and x; ¢, is the h days after FOMC days’ cumulative
change of yields factors. The whole sample period is from 09/13/2012-01/19/2020 which includes
60 FOMC meetings. The whole sample is split into two subsamples before and after Dec 16th
2015: ZLB (including 27 meeting) and Post ZLB. t-statistics are reported in the bracket. ***

p < 1%, ** p < 5% and * p < 10%. All R?s are expressed in %.
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Figure 3: Impulse response function of three components in USD to monetary policy

shocks and short-term yields factor excluding FOMC day
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Figure 4: Impulse response function of three components in USD to monetary policy
shocks and short-term yields factor including FOMC day
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8. Appendix

8.1 Data Description and Source

Our data of bond yields and exchange rates are from Datastream with the period from
January 1994 through February 2020. We obtain the CLS currency order flow data from
Quandl, which is from 09/03/2012-02/28/2020. The following subsections provide a quick
overview of the data source and variables construction, including definitions of yields
change, dollar returns, FOMC meetings, currency order flows and monetary policy shocks.

8.1.1 Bond Yields

We obtain daily bond yields over 01/03/1994—02/28/2020 from Datastream. We focus on
the yields of US treasury bond with maturities: 3M, 6M, 1Y, 2Y, 3Y, 5Y, and 10Y, which
is released Monday through Friday at 4:15pm by New York Fed. Finally, we calculate the
bond yields with maturity n as follows

ri = log(1 + R}/100), (11)

where R} is the original yields from Datastream.

8.1.2 Dollar Returns

We obtain Thomson Reuters daily spot mid exchange rates of G10 currency pairs from
Datastream over the period: 01/03/1994-02/28/2020. We focus on the G10 currency pairs
(AUD, CAD, CHF, EUR, JPY, NOK, NZD, SEK, GBP) quoted against the U.S. dollar
(USD). The daily collected time of Thomson Reuters currency data is Spm EST of the US.
As bond yields data is released Monday through Friday at 4:15pm by New York Fed, to
avoid the time overlapping issue of predictive regression, we use Thomson Reuters daily
data instead of WMR daily currency data (collected at 11am EST of the US).

The log spot prices si are quoted in units of foreign currency 7 per 1 USD. Thus,
positive currency return stands for dollar appreciation. We write the simple currency return
from ¢ — 7 to t as the log difference of spot prices,

Tijor = 5 = Sl (12)
We denote the forward discount as f; i~ st j» Where fi ; 1s the currency log forward price
att — j. The forward discount indicates by how much do market participants anticipate the
spot price to change from ¢ — j to . We write the currency excess returns from¢ — j to ¢
as the difference between the spot return and the forward discount rate,

r‘ri—j—)t = (Sft - Si—j) - (fti—j - Si—j) = 5; - fti—j' (13)

46



Further, we approximate the daily interest differential with

1
iy =i o (fi = s0). (14)

Finally, we define the USD as the simple average of change of exchange rates across
G10 currency pairs.

8.1.3 Currency Order Flow Data

CLS group categorises market participants into price takers and market makers. Based
on the documents from CLS, the term “price taker” is interchangeably used with the term
“buy side”, and the term “market maker” is used interchangeably with the term “sell side”.
More specifically, CLS classifies market participants into corporates, funds, non-bank fi-
nancial firms and banks based on static identity information, however banks’ volume is
only provided for flows between “buy side” (price-taker banks) and “sell side” (market
makers). All corporates, funds and non-bank financial firms are labeled as price takers.
Finally, we aggregate the volume of fund and nonbanks sectors together and define it as
“fund+nonbanks” sector, which results in the six categories: “aggregate”, “banks”, “cor-
porate”, “fund”, “non-banks” and “fund+nonbanks” used in the figures and tables.

From Ranaldo and Somogyi (2021), we know that corporate/bank, fund/bank and non-
bank/bank account for about 10 - 15% of the total activity in the FX market, while the
trading volume among bank/bank accounts for 85 - 90% of total volume. Hence, most
trading in this market is through bank/bank with the following three reasons. First, many
hedge funds and proprietary trading firms settle their FX trades through prime brokers,
where CLS classifies these types of trading as bank/bank transactions. If those prime
brokers are also market makers, which they typically are as these are often the major dealer
banks, the transactions would be excluded from the order flow dataset. Second, CLS has
relatively sparce coverage of corporates and institutions that trade FX infrequently and do
not need a dedicated third-party settlement service. Third, while market maker banks may
engage in price taking activity (e.g. in a dealer-to-dealer transaction) but price taker banks
are unlikely to ever engage in market making activity.

Similar to Evans and Lyons (2002), Froot and Ramadorai (2005) and Menkhoff et al.
(2016), we calculate the net dollar buying as the difference of “buy side” and “sale side” of
dollar trading volume data for each 6 categories. Specially, for currency pairs: AUD/USD,
EUR/USD, NZD/USD and GBP/USD, “buy side” means “buy foreign currency and sell
USD”, while “sell side” means “sell foreign currency and buy USD”. Hence, the net dollar
buying of AUD/USD, EUR/USD, NZD/USD and GBP/USD is defined as “sell volume
minus buy volume”.

Moreover, for currency pairs: AUD/USD, EUR/USD, NZD/USD and GBP/USD, the
hourly trading volume data is reported in the unit of foreign currencies instead of USD
dollar in London time. To translate the volume into the units of USD, we match the hourly
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order flow data with hourly frequency exchange rates data reported in UTC time from CLS
by translateing both London time and UTC time into US EST time with accounting for the
summer hour adjustment. In particular, we use the average of hourly close bid and close
ask spot rate as the approximation of hourly exchange rate for each currency pair. For the
left currency pairs, we translate the volume data recorded in London time to EST time of
the US directly.

For daily data, we follow the tradition and define the daily FX trading trading time as
10 PM to 10 PM London time, which is exactly corresponding to 5 PM to 5 PM New York
time.

Because the daily order flow data is quite volatile, as Froot and Ramadorai (2005) and
Menkhoff et al. (2016), we normalize the daily aggregate order flow data of sector ¢ with
the standard deviation of flows via a rolling scheme over a 60-day window as follows

—~ vol; 4
vol; } = ———,
g (UOli,t—BQ;t)

(15)

where vﬁgli,t denotes order flow standardized over a rolling window and vol; ; denotes the
raw order flow. And, o (vol; ;—s59.) is the standard deviation of flows with a rolling scheme
over a 60-day window, skipping days without order flow data, like Christmas and New
Year.

For FOMC days’ hourly volume data from 2pm to 5pm, we normalize it with daily
standard deviation in (4) divided by 8, where we assume that hourly volume data is 1.i.d.
implicitly.

Finally, as a robust check, we use the sign of net dollar buying as an alternative mea-
sure, where the similar idea is also used in Hasbrouck (1988) and Ranaldo and Somogyi
(2021).

8.1.4 Monetary Policy Shocks and Regimes

We download the monetary policy shocks from Emi Nakamura’s and Eric Swanson’s
website directly, which are the updated monetary policy shocks used in Nakamura and
Steinsson (2018), Giirkaynak, Sack and Swanson (2005) and Swanson (2021). In details,
NS’s monetary policy shock captures the effect of forward guidance, which expands from
02/02/2000 to 09/18/2019 and includes 150 scheduled FOMC meetings. While GSS’s
three monetary policy shocks are available from 02/04/1994-06/19/2019 with totally 213
FOMC meetings. We match these two sets of monetary policy shocks based on NS’s time
stamp since 2000.'> For GSS, the first shock captures the surprised shocks of target rate,
which is the “target” factor. The second one is the “path” factor, which can capture the for-
ward guidance effect as NS’s monetary policy shock. The third one is proposed in Swan-

2we exclude 6 conference calls in GSS (01/03/2001, 04/18/2001, 08/10/2007, 08/17/2007, 01/22/2008
and 03/11/2008) and 9 meetings in GSS from Aug 5th 2008 to Jun 24th 2009, which is defined as GFC.
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son (2021) to capture the effect of large scale asset purchase (LSAP) or QE announcements
during zero lower bound period.

To study the effect of monetary policy on FX market, we define several monetary policy
regimes. First, we distinguish the time periods before and after 2000 because Fed began to
use forward guidance since 2000. Second, we specify the ZLB period as 17 Dec 2008 - 16
Dec 2015, and further the regimes before ZLLB and Post ZLB. Finally, to avoid to include
Covid-19 period since March 2020, our sample period ends on 02/28/2020.

Since the available order flow data starting on 09/13/2012, for NS’s monetary policy
shock until 09/18/2019, we totally have 57 FOMC meetings, which implies 30 meetings
Post ZLLB And, for GSS’s monetary policy shock until 06/19/2019, we totally have 55
FOMC meetings, which implies 28 meetings Post ZLB.

For the magnitude of monetary policy shocks, NS rescale it such that its effect on
the one-year nominal Treasury yield is equal to one. GSS follow the standard practice of
normalization in PCA such that each factor has unit variance and positive effects on yields.
In this paper, to make the magnitude of regression results comparable from two sets of
monetary policy shocks, we amplify NS’s shocks by 100 times to make the magnitude
comparable to GSS’s shocks.

8.1.5 CPI and Inflation

Inflation is defined as the differences in monthly log CPI, which is from Fred with index
100 at 2015. AS, we assume inflation occurs smoothly within the month, hence, we inter-
polate the monthly inflation series to get the daily inflation series. Following, we lag their
entry into the information set by 2 weeks to better align the CPI’s with their announcement
dates.

8.1.6 Factor Construction and Weekly Frequency Data

To simplify the tables reported, we construct the short-term and long-term yields factors.
The short-term yields factor is the simple average of 3M, 6M, 1Y, 2Y daily yields changes,
and the long-term yields factor is the simple average of 3Y, 5Y, and 10Y daily yields
change. The daily short-term yields factor can approximate the “path” factor as NS and
capture the forward guidance effect of the monetary policy, where the literature agrees on
that forward guidance effect can last one or two years. In contrast, the long-term yields
factor can capture the effects of the monetary policy beyond the horizon of two years.

For the weekly frequency analysis, we consider the change of yields and exchange
rates from each Wednesday to the following Wednesday. By following Campbell, Lo and
MacKinlay, we can avoid the missing data issue caused by US banking holidays, because
most of the banking holidays are not on Wednesday. More importantly, because most of
FOMC announcement meetings happen on Wednesday, and it turns out that we can only
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find the weekly prediction of yields change to weekly exchange rate change based on the
calculation from Wed to Wed, not for any other day, like Monday to Monday.

For the order flow data, we aggregate the daily flow data in (4) across G10 currencies
to weekly order flow data from each Wednesday to the following Wednesday.

8.2 Additional Figures and Tables
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Figure S: Impulse response function of USD and Fund+nonbank and bank order flow to
monetary policy shocks and short-term yields factor including FOMC days
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Figure 6: Impulse response function of USD and fund+nonbank and bank order flow to
monetary policy shocks and short-term yields factor excluding FOMC day
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Figure 7: Impulse response function of USD and fund+nonbank and bank order flow to
monetary policy shocks and short-term yields factor excluding FOMC day
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Figure 8: Impulse response function of USD and fund+nonbank and bank forward order
flow to monetary policy shocks and short-term yields factor including FOMC day
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Figure 9: Impulse response function of USD and fund+nonbank and bank forward order
flow to monetary policy shocks and short-term yields factor excluding FOMC day
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Figure 10: Impulse response function of USD and fund+nonbank and bank swap order
flow to monetary policy shocks and short-term yields factor including FOMC day
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Figure 11: Impulse response function of USD and fund+nonbank and bank swap order
flow to monetary policy shocks and short-term yields factor excluding FOMC day
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Table 24:

Individual Currency Predictability Post ZLB

day0 | AUD CAD CHF EUR JPY NOK NZD SEK GBP
Short-term | 17.43%%%  16.06%%% 14.43%%%  14.76%%  1524%%k  |7.63%%%  [69%+% 4 4]%%%  ]] 95k
t [3.42] [5.03] [6.90] [5.82] [4.86] [4.98] [3.29] [4.72] [4.18]
R? 2735 44.90 60.53 52.20 43.25 44.44 25.86 41.85 36.06
Long-term | 9.93%%% 7,66+  §08kkk  QDGREE  QAlkEk  [004%kr ] 05FEE  Q3Rkkk 570k
t [3.15] [3.47] [5.80] [6.31] [5.04] [5.22] [3.67] [5.41] [3.06]
R? 24.30 27.95 52.01 56.25 45.09 46.78 30.24 48.56 23.17
NS 18,6255 16,345 406+  [382%wx 373wk R4k |SA4RE [535kkE [ [rek
t (3.16] [4.31] [5.16] [4.10] [3.32] [4.47] [2.46] [4.69] [2.72]
R? 26.28 39.85 48.69 3748 28.29 41.60 17.81 43.98 20.95
GSS target | 78.20 46.68 20.72 5.93 13.71 5.97 5731 17.84 21.87
t [0.79] [0.66] [0.37] [0.10] [0.19] [0.08] [0.58] [0.30] [0.36]
R? 233 1.65 0.54 0.04 0.14 0.03 1.29 0.34 0.49
GSSpath | 54.61%%% 4817k 4D 4%  30987#kx 45 ]|##x 53 30%%x  4008%  4].89%k%  30.5]%*
t [2.78] (3.77] [4.59] [3.70] [3.37] [4.10] [1.94] [3.96] [2.47]
R? 22.85 35.33 4471 34.47 30.38 39.28 12.65 37.63 19.04
GSSLSAP | -4426  -33.34 5.61 8.25 44.55 6.28 -21.88 2.83 -51.97
t [0.61]  [0.65] [-0.14]  [0.19] [0.86] [0.12]  [-030]  [-0.06]  [-1.19]
R? 1.41 1.59 0.07 0.14 2.79 0.05 0.36 0.02 5.20
Dayl | AUD CAD CHF EUR JPY NOK NZD SEK GBP
Short-term | 9.34%*  576%%  7.71% 6.29 925%  14.73%%%  §.64% 8.6%% 13wk
t [2.33] [2.19] [1.90] [1.59] [1.73] [2.94] [1.88] [1.99] [2.59]
R? 14.94 13.45 10.41 7.56 878 2178 10.25 11.30 17.78
Long-term | 5.48%* 2.17 3.26 335 543% 657 56l 535 587wk
t [2.25] (1.31] [1.29] [1.39] [1.67] [2.04] [2.04] [2.05] [2.17]
R? 14.07 5.24 5.08 5.88 8.26 11.85 11.84 11.97 13.15
NS 14.61%%%  6.86%* 7.65 6.48 4.75 15.04%%  1223%  6.09 8.16
t [3.52] [2.26] [1.60] [1.39] [0.75] [2.52] [2.41] (1.16] [1.53]
R? 30.65 15.39 8.42 6.48 1.98 18.46 17.17 4.58 7.73
GSS target | 16.73 31.42 3405 2190  -25.54 17.29 18.11 97.37 48.13
t [0.23] [0.65]  [-047]  [-031]  [-028]  [0.18] [022]  [-127]  [0.59]
R? 0.21 1.59 0.83 0.36 0.30 0.12 0.18 5.82 1.33
GSSpath | 42.81%%% 2200%%  3478%%  2837% 2833  49.63%%  30.76%*  3549%% 2003
t [3.10] [2.22] [2.34] [1.90] [1.43] [2.54] [2.38] [2.19] [1.73]
R? 27.00 15.99 17.45 1221 733 19.83 17.88 15.54 10.33
GSSLSAP | 2492 841 577 31.00 12.92 36.97 8.79 60.16 29.86
¢ [048]  [-024]  [0.11]  [0.60] [0.19] [0521  [-0.15]  [L.07] [0.50]
R? 0.86 0.22 0.05 137 0.14 1.04 0.08 421 0.97
Day2 | AUD CAD CHF EUR JPY NOK NZD SEK GBP
Short-term | 13.05%%%  4.95 8.36 9.03%* 11.87  17.89%#%  11.51%*  10.78%F  [320%*
t [2.67] [1.19] [1.51] [2.01] [1.40] [3.03] [1.99] [1.96] [2.44]
R? 18.72 437 6.82 11.56 591 22.82 11.37 11.03 16.07
Long-term | 6.74%* 225 377 4.44 9.01% 8.20%% 808wk 5.84% 873wk
¢ [2.21] [0.89] [1.10] [1.60] [1.78] [2.17] [2.44] [1.74] [2.72]
R? 13.66 247 3.79 7.64 9.30 13.17 16.10 8.85 19.22
NS 17.12%%% 628 476 5.22 097 1671%  1331% 413 12.51%%
t [3.21] [1.30] [0.73] [0.97]  [-0.10]  [2.42] [2.04] [0.63] [2.07]
R? 26.95 571 1.87 3.24 0.03 17.27 12.98 1.38 13.26
GSS target | 21.70 10.27 -14.70 10.60 -58.71 54.72 4110 -63.18 9.81
t [0.24] [0.14]  [-0.16]  [0.13]  [-040]  [0.50]  [-041]  [-0.65]  [0.10]
R? 0.22 0.07 0.09 0.07 0.62 0.96 0.63 1.60 0.04
GSS path | 49.54%++  20.03 29.11 19.19 1766 4256+  40.58* 2538 44.09%*
t [2.79] [1.26] [1.45] [1.08] [0.54] [1.86] [1.91] [1.19] [2.24]
R? 23.00 572 7.48 4.32 112 11.71 12.35 5.17 16.12
GSSLSAP | 22.16 2947 4532 -10.20 97.19 10.70 -3.09 28.38 3158
t [034]  [-055] [-0.67] [-0.17]  [0.93] [0.13]  [-0.04]  [040]  [-0.45]
R? 0.43 1.17 1.71 0.11 3.20 0.07 0.01 0.61 0.78
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Table 25: Continued

Day3 | AUD  CAD  CHF EUR JPY NOK NZD SEK GBP
Short-term | 21.25%%%  7.06 1002  14.41%%% 714  233%sx  [820wsx  2(74%kx 18,09
t [420]  [1.38] [1.62]  [296] [0.79]  [4.19] [2.79] [3.65] [2.90]
R? 3622 575 182 22.09 1.95 36.17 20.05 30.01 21.36
Longterm | 11.16%++ 397 532  7.44%% 539 Q67+t 126k [0.52%%F  [0.32%%*
t [342]  [127] [L41]  [244] [099] [2.52] [2.85] [2.88] [2.70]
R? 2735 498 604 1610 3.0 17.04 20.79 21.13 19.00
NS 2275%% 719 2.90 8.16 337 19.50%+  1874% 1134 15.79%*
t (3.83] [L21] [039]  [L31] [-032] [2.87] [2.44] [1.49] [2.10]
R? 3433 493 054 5.78 036  22.73 17.51 7.33 13.57
GSS target | 2640  -70.63 -46.12 2407 2241 5532 6179 -69.39 -5.30
t [025] [-079] [045]  [026] [0.15] [0.50]  [-0.50]  [-0.60]  [-0.04]
R? 0.24 232 079 0.27 0.09 0.94 0.94 1.36 0.01
GSSpath | 68.04%%% 2801  33.10  34.19%  11.88  52.69%%  G1.51%*  52.54%%  5434%*
t (3.52]  [143] [L152]  [L77] [0.36] [2.31] [2.45] [2.20] [2.21]
R? 3232 734 817 1076 0.49 17.07 18.77 15.73 15.79
GSSLSAP | 2337  -7021 -1450 469 11797 0.2 -18.18 13.48 -6.87
t [031] [-1.09] [-020] [0.07] [L11] [0.01]  [-020]  [0.16]  [-0.08]
R? 0.36 434 015 0.02 451 0.00 0.15 0.10 0.02
Day4 | AUD CAD  CHF EUR JPY NOK NZD SEK GBP
Short-term | 21.99%%% 921%  12.36%* 14.83%%% 1024 23.57#%% ]9.50%kx 0] 73wk |65+
t (3.92] [1.85] [197]  [2.87] [LO5]  [4.94] (3.02] [3.38] [2.56]
R? 3318 995 1110 21.04 345  44.07 2270 26.97 17.45
Long-term | 10.99%%% 430  7.01%  837#%% 677  11.07#%% 11.37%%x [203%%x 9 [2%x
t (3.01]  [140] [1.86]  [2.64] [L15] [3.35] [2.86] (3.01] [2.30]
R? 267 592 1005 1834 412 2658 20.93 22.62 14.56
NS 27.11%%% 945 1.98 722 -1.93  19.76%% 2058  11.60 12.87
¢ [438] [1.62] [026]  [L10] [-0.17] [3.22] [2.67] [1.37] [1.62]
R? 40.65 857 023 4.12 0.10 2699 20.35 6.30 8.59
GSS target | 20.13  -68.83 -48.11 1518  -30.56  66.25 8122 -13099 1222
t [0.17] [-0.78] [-046]  [0.16] [-0.19] [0.63]  [-0.64]  [-1.06]  [0.10]
R? 0.11 228 079 0.10 0.13 1.48 1.55 4.15 0.04
GSSpath | 84.74%%% 3567% 3376  3632%  18.83  62.66%FF 7220%kk  64.83kkk 5030k
t [4.16]  [1.91] [149]  [1.80] [0.52]  [3.07] [2.92] [2.58] [2.05]
R? 3995 1229 1785 11.10 102 2665 24.69 20.41 13.93
GSSLSAP | 2289  -80.24  23.65 2507 15205  28.14 -35.80 1.91 55.32
¢ [027] [-127] [031]  [036] [1.32] [036]  [039]  [0.02] [0.62]
R? 0.27 586  0.36 0.50 6.27 0.51 0.57 0.00 1.47
DayS | AUD  CAD  CHF EUR JPY NOK NZD SEK GBP
Short-term | 21.53%%% 882 1047  14.62%% 657 22.52%%x  20.53%% 2087+  8.38%*
t 2771 [131] [1.54]  [228] [0.67]  [2.95] [2.25] [2.47] [2.26]
R? 1979 523 711 14.34 142 21.90 14.02 16.45 14.10
Long-term | 8.61% 241 5.67 731%  5.73 8.99% 8.71 9.99%  10.84%*
¢ [1.72]  [0.58] [1.37]  [1.84] [0.97]  [1.81] [1.52] [1.89] [2.19]
R? 8.67 107 5.70 9.80 2.94 9.55 6.90 10.31 13.42
NS 28.21%%  13.08%  6.22 10.60  2.95  23.16%  24.79% 1406 17.02%
t [3.26] [L71] [0.76]  [135] [0.26]  [2.64] [2.36] [1.35] [1.75]
R? 2749 945 204 6.12 0.24 19.94 16.55 6.14 9.81
GSStarget | 3781  -4833 2236 5070 4976 13655  -6549  -52.18 23.10
t [0.25] [-041] [0.20]  [044]  [030] [0.96]  [-039]  [-033]  [0.15]
R? 0.25 064  0.15 0.73 0.36 343 0.58 0.41 0.09
GSS path | 84.65%++ 45.69% 43.59%  4242%  30.65 64.58%%  74.84%F  5971%  60.54*
t [2.92] [1.83] [L84]  [L73] [0.85] [2.18] [2.17] [1.78] [1.91]
R? 2475 1145  11.52 1032 272 15.41 15.31 10.90 12.26
GSSLSAP | 4249 4665 171 3437 14335 7272 -55.20 19.16 48.08
t [039] [-0.54] [0.02]  [041] [L24] [0.70]  [-045]  [0.17] [0.44]
R? 0.59 112 0.00 0.64 5.60 1.84 0.78 0.11 0.73

Notes: We run the regression: A fxy ¢y, = a + Bxy + €. where A fx; ., is the h days after
FOMC days’ cumulative individual currency exchange rate change. z; is the FOMC days’ yields
factor change or monetary policy shocks. The Post ZLLB sample period is from
12/16/2015-01/19/2020 which includes 33 FOMC meetings. t-statistics are reported in the
bracket. ¥¥* p < 1%, ** p < 5% and * p < 10%. All R?s are expressed in %.
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8.3 VAR Estimation

Following Stavrakeva and Tang (2019)’s notations, let s, = s; + p; — p; denote the real
exchange rate, 7, = m, — m; denote the inflation difference and iy = iy — 44 denote the
interest rate differential. Hence, the risk premium of holding US dollar is given by rz; =
EiAsi o — L, and then it is equivalent to obtain

ASt—i—l = %t +rx; + A5t+1 - EtASt+1. (16)

Iterating (5) forward, we get

s = —E4 Z [iesr + Oven] + klggo Eisit. (17)
k=0

Hence, we can decompose the unexpected news of change of exchange rate into interest
rate differential news (i3 21, risk premium news (rz5) and long-run nominal exchange
rate news (7rt +1) as follows

[e.e] oo
Asip — EAsiy = — E (Et+1it+k+1 - Eﬂt+k+1) - E (Et+10t+k+1 - Et0t+k+1)
k=0 k=0
N ~~ \ -

+Et+l hm 8t+K — Et hm St—i—K-
K—o0 K—o0

TV
AE
Ty

In the long run, we assume that limg . (£ 1 — E;) Si1pe1 = 0, and then

Ty = Jim_ By (St4+K — St) — Jim_E (St1x — 5t)
K—1
= lim Z (Ers1 [ASiikr1 + Tean1] — B [ASiipr1 + Titntr))
K—oo —
(o @)

= (Et+17~Tt+k+1 - Etﬁt+k+1) )
k=0

which indicates that 7737 reflects the inflation differential news.

Based on the calculation before, we can decompose the actual exchange rate change
(As;41) into the following three parts:

_ 7 _GAE ~AE
Aspyy =iy — 105 +ra, — ranh + 705 (18)

Now, we consider the following VAR estimation.

2z =72+ Iz 1+ €,
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with

Z; = | Tt

Based on the above VAR estimation, we can get the news decomposition in (7):
Asppr = A + Tp1 = (€5 + €z) Ze1 — sz, (19)

and
rry = Et [Ast—l-l] — %t = (65 + 67}) (Z + FZt) — (eg + 6;) Zy, (20)

and for all the news estimation, we have

inh =e(I-T) e, (21)
raph =[(es+e:) T — (es+¢;)] (I-T) e, (22)
ol =ex(I-T) e, (23)

Finally, we decompose the regression coefficients of nominal exchange rate change
onto monetary policy shocks 32517 into

BAst+1,mp _ Bft—gﬁgmp + Brxz—r:pf_'_El,mp + Bﬁ'ﬁ_El,mp‘ (24)

. . NIAE ASISNVAY )
Similarly, we can also define 5+ and ""+1""P,

How much does the currency move with a 1% shock to intrinsic value? We interpret
this coefficient as a measure of overreaction. That is, if the currency appreciates by more
(less) than 1
o =1 el'@(k)XWel  el’(® — @(k))EV'el

o el’UX el el’UXUel
Given that intrinsic-value shocks are the residual from our VAR, any measurement error in
that model biases over toward 1, making it difficult to find evidence of over/underreaction.

(25)
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