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Abstract

Using confidential daily data, we examine the Bank of Israel’s foreign exchange
interventions from 2013 to 2019. We tind that a 1 billion US dollars (USD) purchase
leads to a 0.82% depreciation of the Israeli Shekel (ILS) - a strong effect compared to
other studies. We show that this effectiveness can partially be attributed to the lim-
ited risk-taking capacity of global banks. The interventions also widen the negative
deviation from covered interest parity and influence the higher-order moments of
risk-neutral expectations derived from options prices. We find that USD purchases
shift the USD/ILS distribution upwards and reduce crash risk. Moreover, the op-
tions market anticipates and prices in upcoming interventions.
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1 Introduction

The Great Financial Crisis (GFC) profoundly changed the global monetary policy land-
scape. On the edge of a significant economic downturn, central banks across the globe
cut their policy rates to near zero, launching an era of persistently low interest rates.
These actions forced central banks to adopt unconventional monetary policy tools -
including foreign exchange (FX) interventions in the spot market aimed at stabilizing
exchange rates and influencing broader financial conditions.!

To explore the effectiveness of these FX interventions (FXI), we use Israel as our
empirical laboratory. In March 2008 — after an 11-year hiatus — the Bank of Israel (BOI)
resumed its USD spot purchases, ultimately accumulating USD 89.2 billion in reserves
by end-2019. Characterized by frequent and fully sterilized? USD purchases, these
FXIs offer a rich setting for our empirical investigation.

Our paper advances the literature on three fronts. First, we develop a unified em-
pirical framework that traces the BOI's FXIs effects on the spot, forward, and option
markets. Second, we show that sterilized FXIs can be highly effective, particularly
when global banks face binding capital constraints. Third, we examine the impact of
interventions in the FX spot market on option-implied crash risk. This analysis is mo-
tivated by the pioneering work of Farhi and Gabaix (2016) who propose a rare disaster
model of FX rates, which links the price of insurance against a currency’s crash risk to
the spot rate; this (positive) correlation between the price of crash risk insurance and
the spot rate implies that FXIs in the spot market should also alter tail probabilities in
FX option markets.

Our unified empirical framework is particularly valuable for examining derivatives
markets. Despite numerous studies on the effectiveness of FXIs in spot markets, the
response of derivatives markets to such interventions remains underexplored. This
gap is attributable to the early-stage evolution of FX derivatives markets, which his-

torically suffered from low informational efficiency and limited liquidity. The advent

1Gee Borio and Disyatat (2010); Domanski, Kohlscheen, and Moreno (2016); Adrian, Erceg, Kolasa,
Lindé, and Zabczyk (2021).

2Each USD purchase is offset by open market operations of equal size, leaving domestic liquidity —
and therefore policy rates — unchanged.



of electronic trading networks has drastically transformed these markets, leading to
rapid growth® and making them informationally efficient and highly liquid.

Given the growing importance of the FX derivatives market, central banks imple-
menting FXI strategies must gain a deeper understanding of how these interventions
interact with forward and option markets. For example, elevated trading costs may
impede the dynamic replicaton of option contracts in practice (Tian and Wu, 2023), ren-
dering derivatives non-redundant assets. Consequently, by analyzing option markets,
central banks extract information beyond what is already reflected in spot markets. To
provide a practical toolkit for policymakers, we analyze how sterilized FX spot mar-
ket interventions affect FX option market expectations and its potential to exacerbate
frictions in the FX swap market.

Our laboratory raises the question of external validity. Encouragingly, our empir-
ical findings align with the predictions of a model proposed by Amador, Bianchi, Bo-
cola, and Perri (2020), which shows that a central bank in a small open economy (SOE)
can implement an spot-market FXI regime even when nominal interest rates are zero.
This correspondence suggests that our findings generalize to other SOEs facing persis-

tently low interest rates.

Summary of main results. We find that FXIs of USD 1 billion USD* lead to a sig-
nificant 0.83% (0.82%) depreciation of the ILS against the USD (nominal effective ex-
change rate (NEER)). This effect is large by both historical and international standards.
We identify financial frictions, particularly capital-constrained global banks, as a key
factor contributing to the effectiveness of FXIs.

We also find that the deviation from covered interest rate parity (CIP) — also known
as the cross-currency basis (CCB) — becomes significantly more negative on interven-
tion days. This is because the USD/ILS forward rate increases by less than the spot
rate, consistent with one of the predictions of the Amador et al. (2020) model. Specifi-

cally, we show that a USD 1 billion FXI widens the CIP deviation by 13 basis points on

3See, e.g., King, Osler, and Rime (2012, 2013); Von Spreckelsen, Von Mettenheim, and Breitner (2014)
and the “2022 Triennial Survey of turnover in OTC FX markets” (Bank for International Settlements,
2022). The survey reports a 648% and 1101% increase in FX options and outright forwards turnover
since 1995, compared to a 326% increase in spot FX volumes.

“We evaluate the impact of FXIs by assuming a size of USD purchases of USD 1 billion, a common
amount used in the FXI literature and unrelated to the BOI’s actual FXI volumes.



impact, and that this initial effect persists for at least 90 days.

Analyzing the USD/ILS option market, we find that a higher USD/ILS risk reversal
(RR),” indicating a more pronounced tilt towards a weaker ILS over this option strat-
egy’s lifetime, is associated with higher future FXI volumes. This suggests that the op-
tion market partially prices in future FXIs before they occur. This implies that market
participants view the BOI'’s intervention strategy as credible and predictable. We also
find that the higher-order moments of the risk-neutral density (RND) - specifically, the
variance, skewness and kurtosis, proxied by USD/ILS option price quotes — change
significantly on FXI days. Specifically, option market expectations shift towards less
volatile and less extreme spot rates (lower kurtosis) in the future, while accounting for
the possibility of a large ILS depreciation (higher skewness) due to future FXI.

Focusing on tail probabilities, we find that FXI reduce crash risk, consistent with the
lower kurtosis. Specifically, we find that the ILS appreciation pressure is significantly

reduced on days the BOI intervenes.

Related literature and our contributions. (i) In contrast to our findings, the few stud-
ies that have previously analyzed how FXIs in the spot market affect FX option market
expectations, report only a weak effect.® Our study contributes to the FXI literature by
providing new empirical evidence from a mature option market. Also, unlike previous
studies, we do not focus solely on options with a specific maturity, but instead exam-
ine options with maturities ranging up to twelve months. This extension is relevant
for monetary policymakers, as it provides insights into the longer-term effects of spot
market interventions on option market expectations.

(ii) We contribute to the literature that estimates the impact of FXIs on the FX spot

rate,” which has primarily focused on FXI episodes in “far less complex” market struc-

>A RR is a widely used option strategy that involves buying a call and selling a put option on the
same underlying at a pre-specified purchase price, called the strike price. In our context, a RR allows
investors to buy USD in exchange for ILS (a USD call ILS put option) and is obligated to sell ILS in
exchange for USDs (an ILS call USD put option ) at a pre-specified USD/ILS exchange rate. A positive
RR is observed when the call option price exceeds the put option price, indicating that investors are
willing to pay more for an USD call than for an ILS call. This implies that investors expect the USD to
appreciate rather than to depreciate against the ILS.

6See, e.g., Bonser-Neal and Tanner (1996); Castrén (2004); Fratzscher (2005); Galati, Melick, and Micu
(2005); Galati, Higgins, Humpage, and Melick (2007); Disyatat and Galati (2007); Morel and Teiletche
(2008); Marins, Araujo, and Vicente (2017).

7See Sarno and Taylor (2001); Neely (2005); Fratzscher (2005); Egert and Komarek (2006); Disyatat



tures (Chaboud, Rime, and Sushko, 2022). The GFC has led to significant changes
in global financial markets, including the historically exceptional prolonged period of
low interest rates and the recognition that financial frictions are crucial for the effective-
ness of sterilized FXI (Popper, 2022). Moreover, most existing papers rely on simplistic
proxies to estimate the actual size of FXIs — such as changes in central bank reserves —
as central banks often do not disclose these operations. As intensively discussed in the
literature,® these proxies are coarse and imprecise. Therefore, to accurately assess the
impact of FXIs, it is crucial to use actual FXI data.

(iii) We also contribute to the literature that seeks to explain the CIP deviations ob-
served since the onset of the GFC.” To our knowledge, we are the first to empirically
quantify the effect that FXIs have on the CCB. Our findings show that FXIs widen it,
consistent with one of the predictions of the Amador et al. (2020) model, which sug-
gests that FXIs may lead to systematic CIP violations when the zero lower bound (ZLB)
of nominal interest rates binds. Our results support their interpretation, whereby part
of the CIP deviations observed after the GFC are due to a conflict between exchange
rate policies and the ZLB.

(iv) For sterilized FXI to be effective, financial frictions are necessary, as otherwise
tinancial market participants would immediately arbitrage any FX rate misalignments
resulting from FXI. In addition, it is now widely accepted that the effect of sterilized FXI
is significantly reduced when nominal interest rates are near zero.'? We systematically
analyze the role of financial frictions and find that the impact of FXI is larger when
global banks are more capital-constrained. This finding provides empirical support
for recent theoretical research that rationalizes the effectiveness of sterilized FXI in the
spirit of the Gabaix and Maggiori (2015) model.!! To our knowledge, this empirical

tinding is new in the FXI literature and provides guidance to central banks on the type

and Galati (2007); Fatum (2015); Ribon (2017); Caspi, Friedman, and Ribon (2022); Adler, Lisack, and
Mano (2019); Nedeljkovic and Saborowski (2019); Arango-Lozano, Menkhoff, Rodriguez-Novoa, and
Villamizar-Villegas (2020).
8See Dominguez, Hashimoto, and Ito (2012); Adler, Chang, Mano, and Shao (2024); Fratzscher, Hei-

dland, Menkhof, Sarno, and Schmeling (2022).

9Du, Tepper, and Verdelhan (2018); Avdjiev, Du, Koch, and Shin (2019); Du and Schreger (2021).

19Evidence from Japan suggests that FXIs lose nearly half of their effectiveness when the ZLB binds
(Iwata and Wu, 2012).

1 This model has revitalized the theoretical FXI literature, which had been dormant since the pioneer-
ing work of Backus and Kehoe (1989).



of financial friction that makes sterilized FXI in the spot market more effective.

(v) To the best of our knowledge, we are the first paper to provide empirical ev-
idence on the effect of FXIs on tail probabilities. We analyze the response of these
probabilities over different horizons, providing central banks with insights into the ef-
fectiveness of their FX market interventions. As the shape of the RND changes with
these probabilities, our contribution allows central banks to understand why market
participants’ risk perception of extreme events changes on FXI days.

(vi) Finally, we contribute to the literature by providing empirical evidence on se-
cret FXIs, which is scarce and under-researched (Naef and Weber, 2023). The fact
that central banks often intervene in the FX spot market secretely (Fratzscher, Gloede,
Menkhoff, Sarno, and Stohr, 2019) implies that the empirical evidence in the FXI liter-
ature is biased towards the effectiveness of overt FXIs. We aim to fill this gap.

This paper is structured as follows: Section 2 outlines our methodology and data.
Section 3 presents our main findings, including the response of spot and forward mar-
kets, and an assessment of the role of financial frictions in explaining the effectiveness
of the BOI's FXI activities (Section 3.1), as well as the relationship between FXIs and

the option market (Sections 3.3 and 3.4). Section 4 concludes.

2 Main data and methodology
2.1 A bird’s eye view on the BOI's FXI activities

In the empirical section, we analyze the BOI's last FXI regime prior to the COVID-19
pandemic, spanning May 2013 to December 2019. This regime was marked by secret
and fully sterilized USD purchases in the spot market.

To provide context, Figure 1 shows monthly FXI volumes (publicly available from
the BOI), the NEER,'? and the USD/ILS spot rate from January 2008 to December
2019.13-14 Over this period, the shekel appreciated sharply: by about 10% against the
USD and nearly 30% in NEER terms.

12This exchange rate is calculated as the geometric average of the foreign value of the ILS FX vis-a-vis
24 currencies, representing 31 of Israel’s major trading partners, weighted by trade share (Friedman and
Galo (2015) and https://www.boi.org.il/en/Markets/ExchangeRates/Pages/efectinf . aspx).

13Both FX rates are presented as indices to facilitate comparison.

14Both FX rates are quoted in American terms, i.e., as the price of one unit of foreign currency (or a
currency basket) in domestic currency units. An increase then reflects a depreciation of the shekel.


https://www.boi.org.il/en/Markets/ExchangeRates/Pages/efectinf.aspx

Figure 1: Foreign value of the ILS and the size of foreign exchange interventions
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Notes: The figure shows monthly averages of the nominal effective exchange rate (NEER) and the USD/ILS spot rate (both on
the left axis), along with total monthly FX intervention volumes in USD millions (right axis). The NEER and the USD/ILS are
indexed to 100 in January 2008 and expressed in units of the domestic currency per unit of foreign currency, so a decline in the
index indicates an appreciation of the shekel. The data span the period from January 2008 to December 2019.

In tandem, the BOI intervened in the USD/ILS spot market, particularly in periods
of strong ILS appreciation pressure. Its FXI strategy changed several times, with a
notable pause in FXI activity from July 2011 to April 2013. For details on the BOI's FXI
strategies, see Online Appendix A.

2.2 Data

2.2.1 Foreign exchange intervention volumes

Table 1 presents descriptive statistics for the publicly available monthly FXI data from
January 2013 to December 2019. On average, the BOI purchased USD 594 million per
month, with volumes ranging from USD 2 million to USD 2.27 billion. The FXI volumes
are relatively volatile, as indicated by the high standard deviation. Moreover, in 69 out
of 84 months, the BOI intervened in the USD/ILS spot market at least once.

To give a better sense of the magnitude of FXI, Table 2 compares the size of FXIs to

other metrics:



Table 1: Descriptive statistics for the monthly public foreign exchange interventions data

Mean Median Std Min Max N
FX1 0.594 0.350 0.545 0.002 2.266 69

Notes: The table reports descriptive statistics for monthly aggregated FX intervention volumes (USD billions) in columns 26,
and the number of months with at least one intervention day in column 7. The data cover the period from January 2013 to
December 2019.

Table 2: Descriptive statistics for the daily confidential foreign exchange interventions data

Indicator Total
Average daily intervention size as share of GDP (%) 0.05
Average daily intervention size as share of daily traded FX volume (%)  8.16
Average length of episode in seven days 1.46
Average length of an episode in a trading week (in days) 1.73

Notes: The table presents descriptive statistics of the daily intervention data from January 1, 2013 to December 31, 2019. Row 1
shows Israel’s GDP in USD, compiled by the Israeli Central Bureau of Statistics. Row 2 reports the daily traded volume in the
USD/ILS market, as provided by the BOI Row 3 displays the average duration of an intervention spell within a rolling weekly
window (e.g., from Monday to Monday, Tuesday to Tuesday). Row 4 shows the average number of consecutive intervention
days within a calendar week.

The table shows that the BOI's average daily FXI volume is large relative to domestic
GDP. For instance, Fratzscher et al. (2019) document that countries with free-floating
exchange rates typically intervene at a scale of just 0.02% of GDP — about 60% less
than the BOL. FXI volumes are also sizable relative to market turnover: the BOI's FXIs
average 8.16% of daily USD/ILS spot and forward market turnover. In contrast, the
Bank of Japan’s (BOJ) FXI volumes from 1999 to 2004 averaged only 1.3% of daily
market turnover (Fatum, 2015).

We also see that the BOI intervenes in the USD/ILS spot market on average for only
1.46 trading days per calendar week (1.73 days per trading week), which is short by
international standards. For example, Disyatat and Galati (2007) report that the Czech
National Banks’s (CNB) FXI spells averaged eight trading days.

2.2.2 Exchange rates and financial variables

Table 3 presents descriptive statistics for the main variables we use in the empirical
section. The data is sourced from Bloomberg with a timestamp of 5 PM EST. The upper
panel (“Exchange rates”) reports daily log returns (in percent) for the USD/ILS and



EUR/USD FX rates, the NEER, and the 3-month USD/ILS forward rate. On average,
the ILS appreciated, which is consistent with the trend shown in Figure 1. The lower
panel (“Misc”) provides descriptive statistics for the 3-month USD/ILS CCB, the 5-year
Israeli CDS spread, and the VIX.

Table 3: Descriptive statistics for the main variables

Mean Median Std Min Max ARQ) N

Exchange rates (in logs and in %):

AUSD/ILS -0.004 0.00 038 -232 241 -0.01 1826
AEUR/USD -0.009 0.01 047 -230 295 0.01 1826
ANEER -0.014  -0.02 032 -202 234 0.02 1826

AIn(3M forward)  -0.005 -0.02 037 -229 159 0.05 1826

Misc (in %):

USD/ILS CCB -0.19 -0.17 0.16 -094 026 094 1826
5-year Israeli CDS 0.80 0.74 020 048 152 099 1826
VIX 14.86 13.89 381 914 4074 093 1763

Notes: The table reports descriptive statistics for the main variables, based on daily data from January 1, 2013 to December 31,
2019, covering up to 1,826 trading days. Exchange rates (USD/ILS and EUR/USD; both expressed as daily log changes in
percent) and the 5-year Israeli CDS spread are sourced from Bloomberg with a timestamp of 5 PM EST. The NEER is adjusted to
match the USD/ILS trading hours (see Table B.1 in Online Appendix B for details). The 3-month USD/ILS forward rate is
retrieved from Bloomberg. The USD/ILS cross-currency basis (CCB) is the 3-month CCB calculated based on Equation (3). The
VIX, obtained from the CBOE, reflects implied volatility from S&P 500 options at U.S. closing time and has fewer observations
due to U.S. holidays.

2.2.3 USDV/ILS option price quotes

Table B.2 in Online Appendix B reports descriptive statistics for the daily USD/ILS
options data, retrieved from Bloomberg with a timestamp of 5 PM EST. The table in-
cludes ATMVs, 10-A and 25-A' butterfly (BF) spreads, and 10-A and 25-A RRs'® across
six maturities, ranging from one week (“1w”) to twelve months (“12m”).'7 Follow-
ing the option markets” quoting convention, all price quotes are measured in implied
volatilities and expressed in percent (Reiswich and Wystup, 2010).

Given the high persistence of the option strategy price quotes (see column “AR(1)"),

15By market convention, FX options are quoted using the Garman and Kohlhagen (1983) (GK) model.
A 10-A call (put), for instance, corresponds to a GK option delta of 0.1 (-0.1). The option spot delta
measures the sensitivity of the option price to small changes in the underlying.

16For details on risk reversals and butterfly spreads, see Online Appendix C.

7Tables D.2, D.3, and D.4 in Online Appendix D report cross-correlations between the log returns
of the option contracts. The results show high correlations among option prices, especially at longer
maturities.



we use their prices in first differences in our empirical estimations. Untabulated results
confirm that differencing effectively removes this persistence. Notably, the one-week
BF spreads (for both option deltas) show a much lower persistence, suggesting poten-
tial stale prices or limited liquidity. This also applies — though to a lesser extent — to the
one-week RRs (also for both option deltas) and the one-week ATMYV, which motivates

the next part of our analysis.

Liquidity. Given the central role of options data in our analysis, we evaluate the lig-
uidity of the Israeli FX options market by international standards. Based on data from
the BIS Triennial Central Bank Survey,'® which covers nearly 1,300 banks and dealers
across 54 countries, we find that in April 2019, average daily OTC-traded FX options
in Israel accounted for 6.2% of total FX transaction volume.!” This share is high by
international standards — placing Israel among the top five countries in 2019, as well as
in all previous triennial surveys since April 2007 (untabulated results).

Figures E.2-E.4 in Online Appendix E present box plots of the relative bid-ask
spreads (BAS) - defined as the BAS divided by the mid-quote?® — for the three op-
tion price quotes used in our paper, covering 28 currency pairs and six maturities. The
results show two key patterns: (i) The relative BAS is consistently higher for one-week
contracts, which we therefore exclude from the analysis; and (ii) for all three strategies,
the relative BAS for USD/ILS lies within the interquartile range. These two findings
suggest that liquidity in the Israeli FX option market is comparable to international

standards and not a major concern for our analysis.

2.3 Estimation

We begin our analysis with OLS regressions, consciously setting aside the potential for

endogeneity biases, in order to gauge their potential magnitude:

As; = « + BEXT; + X156 + e, (1)

18Source: https://www.bis.org/statistics/rpfx19.htm.

l9Including FX spot, forward, option, and swap transactions; see Table E.1 in Online Appendix E.

20Gince ATMV levels differ across currencies, we divide the BAS by the mid-quote to ensure compa-
rability across currency pairs.


https://www.bis.org/statistics/rpfx19.htm

where As; is the log return of the USD/ILS spot rate, NEER or three-month USD/ILS
forward rate, FXI; is the size of interventions, and X; a vector of control variables.

Endogeneity may arise because central banks often use FXIs to ‘lean against the
wind’ — that is, to revert (or dampen) sustained trends in the foreign value of the do-
mestic currency?! As a result, FXIs respond to and influence the spot FX rate simul-
taneously, leading to OLS estimates that understate the true effect of FXI. Using daily
data, as in our analysis, helps mitigate this bias (Rogers and Siklos (2003); Menkhoff,
Rieth, and Stohr (2021)).

Identification strategy. Daily data alone may not fully address endogenity concerns.
To account for this, we also run General Method of Moments (GMM) regressions using
instruments — a standard approach in the FXI literature.?? Specifically, we combine

Equation (1) with a central bank reaction function for spot market FXIs:
FXI; = ¢+ XI5+ ZTy + ¢, 2)

where Z; is a vector of instrumental variables.

We employ the continuously updated GMM (CU-GMM) estimator of Hansen, Heaton,
and Yaron (1996), using a heteroskedasticity and autocorrelation (HAC) consistent co-
variance matrix. This estimator is preferred to the two-step or iterated GMM estimator

due to its superior small sample properties.

3 Results

3.1 Effect of interventions on the spot rate, forward rate, and cross-
currency basis

3.1.1 Informal event study

Figure 2 shows average cumulative USD/ILS spot rate returns from nine days before to
eleven days after the initiation of an FXI spell (starting on day t). Returns are weighted

by the relative size of FXI?® to account for the potentially right-skewed distribution of

21See, e.g., Neely (2005); Fratzscher (2005); Tashu (2014); Naef (2023).

22Gee Adler and Tovar (2011); Adler et al. (2019).

23The size of FXI on day t +j (wherej € {—9,—-8...,0,...,+10,+11}) is expressed as a share of the
total FXI volume over the entire sample period.

10



FXI volumes. For comparison, we also report equally weighted cumulative returns,
which give more weight to episodes with smaller interventions.

We see that the BOI is successful in reversing the ILS appreciation trend, meet-
ing the commonly used “event” and “direction” criteria for effective FXI episodes.?*
Specifically, the FXIs cause a depreciation by the end of the first intervention day (t).
This trend reversal continues on the next day (f + 1), possibly reflecting a second FXIs
day. Weighting returns by intervention size highlights stronger trends around day ¢,
suggesting the BOI intervenes more aggressively during episodes of more pronounced

prior appreciation.

Figure 2: Cumulative USD/ILS spot rate returns around the initiation of an intervention
spell
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Notes: The figure displays average cumulative USD/ILS exchange rate returns (in percent) from t — 9 to t 4 11, where t marks
the start of the first intervention day. The red line represents returns weighted by the relative size of each intervention; the blue
line shows equally weighted returns across episodes.

3.1.2 Instruments and control variables in the GMM

Instruments. We use instruments commonly employed in the FXI literature — pre-

sumed to be correlated with the FXI data but uncorrelated with the spot FX rate shocks

%Gee, e.g.,, Humpage (1999); Fatum and Hutchison (2003); Fratzscher (2005); Fatum and Hutchison
(2006); Galati et al. (2007); Fatum (2008); Fratzscher (2008); Fratzscher et al. (2019).

11



in Equation (1) on intervention days. These include the one-day lagged daily FXI vol-
ume to capture the persistence in FXIs during periods of sustained appreciation pres-
sure,” a dummy variable that equals one if the BOI intervened in the previous calendar
week, the one-day lagged two-day return of the NEER, and the three-day lagged two-
week NEER return. These instruments are exogenous to the current spot rate but likely
influence FXI decisions, given that FXI timing and size typically reflect prior exchange
rate dynamics. We use the NEER - a measure of international competitiveness?® — be-
cause preserving competitiveness has been a key motive behind the BOI's FXI regime
(Cukierman, 2019).

We select the number of lags based on the specification with the highest adjusted R?
among those specifications that pass the Montiel Olea and Pflueger (2013) test for weak
instruments, which is robust to heteroskedasticity, autocorrelation, and clustering. To
assess the joint validity of our instruments, we apply the difference-in-Hansen test
(Eichenbaum, Hansen, and Singleton, 1988) to selected subsets of instruments. Both
test results strengthen confidence in addressing endogeneity using the CU-GMM es-
timator. Detailed first-stage regression results and additional robustness checks are

provided in Appendix A.

Control variables. To ensure our results are not confounded by macroeconomic news,
we control for the one-day log return of the EUR/USD spot rate (capturing broad USD
movements); the one-week change in the VIX (proxying global financial uncertainty);?’
Israeli monetary policy and CPI surprises (see Table B.1 in Online Appendix B), US
monetary policy surprises — captured via short-term Federal Funds rate and longer-
term policy path surprises over FOMC announcement windows, following Nakamura
and Steinsson (2018) — and the CITI US macroeconomic surprise index (see Table B.1 in

Online Appendix B for construction details).

25 Following Ito and Yabu (2007); Fatum and Hutchison (2010); Fatum and Yamamoto (2014);
Nedeljkovic and Saborowski (2019).

26Gee https://data.bis.org/topics/EER.

27We also experimented with the decomposition of the VIX into a risk aversion (i.e., the risk premium
(Carr and Wu, 2009)) and an uncertainty component, following Bekaert, Hoerova, and Lo Duca (2013).
As our results remained robust, we chose to report findings based on the overall VIX, aligning with

Nedeljkovic and Saborowski (2019). This suggests that risk aversion plays a secondary role in the context
of the BOI's FXI regime.
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3.1.3 Regression results

Effect on the spot rate. Table 4 reports regressions of the daily log return (in per-
cent) for the USD/ILS spot rate (Panel A) and the NEER (Panel B). Each specification
includes an intercept, the contemporaneous FXI variable (in billions of USD), and the
full set of control variables, forming our benchmark model. Column 2 presents stan-
dard OLS estimates ([1]), column 3 shows the results using the CU-GMM estimator
with our instruments ([2]), and column 4 reports results from a two-stage least squares
(25LS) regression ([3]) as a robustness check.

The estimated FXI coefficient is highly significant and similar across both spot rate
measures: 0.83% for the USD/ILS rate (Panel A)*® and 0.82% for the NEER (Panel
B). Compared to prior studies that have analyzed the FXI activity of the BOI in the
aftermath of the GFC, our estimates are larger. Ribon (2017), using monthly data from
2009-2015, finds that FXI of USD 830 million leads to a depreciation of the NEER that
is larger on average by 0.6% compared to a trading day with no FXI activities. After
adjusting to our scale, her estimate is approximately 9.8% lower than ours (0.82) — a
difference that is economically negligible. This discrepancy may reflect differences in
data frequency or the sample period.

Relative to FX interventions by other central banks (see Section 1), the BOI's ster-
ilized FXIs exert an unusually large effect on the USD/ILS rate by both historical and
international standards. Such sizable impact implies strong transmission through non-
interest rate channels, which is surprising, as sterilization of FXIs typically dampens
its impact by neutralizing the interest rate channel.?’ Therefore, Section 3.2 explores
factors that may explain this high effectiveness.

Finally, note that the Hansen J-test statistic of over-identifying restrictions is statisti-
cally insignificant. These results indicate that the data align with the imposed moment

conditions, suggesting our CU-GMM specification is appropriate.

Robustness. Motivated by the work of Fratzscher (2008), who documents that actual

FX interventions are often accompanied by verbal interventions, we also demonstrate

BFigure C.1 in Appendix C confirms that the effect is both immediate and persistent, with no statisti-
cally significant reversal following the start of an FXI episode.

2See, e.g., Iwata and Wu (2012) who provide empirical evidence from Japan in a zero-interest rate
environment.
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Table 4: Effect of foreign exchange interventions on the spot exchange rate

(a) Panel A Dependent variable: A In(USD/ILS;) (in %)
[1]: OLS [2]: CU-GMM [3]: 2SLS
Intercept —0.023*** —-0.029** —-0.029**
(-2.93) (-2.28) (-2.27)
FXI; 0.56*** 0.83** 0.82**
(4.91) (2.06) (2.01)
AEUR/USD;_1 —-0.408*** —0.412%* 0.044***
(-23.04) (-21.42) (-21.36)
AVIX¢_5; 0.0171%* 0.011*** 0.011***
(4.33) (4.31) (4.26)
IL_Monetary_Surprise; —3.293%** —3.344*** —3.315%**
(—4.84) (-5.02) (—4.94)
IL_CPI_Surprise¢ -5.947% —0.537** —-0.535**
(-1.73) (-2.04) (-2.03)
NS_FFR_Surprise; 1.546 -5.853* -5.834*
(0.90) (-1.69) (-1.68)
NS_Policy_Surprise; —0.530** 1.411 1.405
(=2.01) (0.81) (0.80)
CITI Surprise_Index; -0.067 -0.00010 —-0.00009
(-0.29) (-0.44) (-0.37)
Hansen J-statistic 0.213
Hansen J-statistic p-value 0.975
(b) Panel B Dependent variable: A In(NEER{) (in %)
[1]: OLS [2]: CU-GMM [3]: 2SLS
Intercept —0.03*** -0.03 -0.03
(=3.60) -2.65 -2.52
FXI; 0.56*** 0.82* 0.66*
(4.70) (1.92) (1.71)
AEUR/USD;_1 0.01 0.00 0.01
(0.66) (0.14) (0.54)
AVIX¢_5; 0.007*** 0.01*** 0.01***
(2.53) (2.50) (2.52)
IL_Monetary_Surprise; =3.29%** —3.35%** =3.30%**
(=5.07) (-5.03) (-5.12)
IL_CPI_Surprise¢ —0.54** -0.56** -0.54**
(-2.11) (-2.15) (-2.11)
NS_FFR_Surprise; —4.69% -4.79 —4.65
(-1.57) (-1.46) (-1.55)
NS_Policy_Surprise; 0.04 -0.21 -0.02
(0.03) (-0.13) (-0.01)
CITI Surprise_Index; 0.00004 0.00003 0.00003
(0.17) (0.12) (0.13)
Hansen J-statistic 0.27
Hansen J-statistic p-value 0.97

Notes: The dependent variable is the daily log return (in percent) of the USD/ILS spot rate (Panel A) and the nominal effective
exchange rate (“NEER”; Panel B). Regressors include an intercept, the size of foreign exchange interventions (“FXI;”; in USD
billions), the daily log return of the EUR/USD spot rate (“EUR/USD;_1;”; in percent), the one-week change in the VIX
(“AVIX;_5,"; in percentage points), and five news indicators (variables ending with “Surprise;”). Specification [1] employs
standard OLS, [2] applies the continuously updated GMM estimator (CU-GMM), and [3] reports two-stage least squares (2SLS)
estimates. For details on the CU-GMM instrument set, see Table A.1. The Hansen J-test statistic evaluates the validity of the
over-identifying restrictions in the GMM. The t-statistics (in parentheses) are Newey-West HAC corrected. ***, **, and * denote
significance at the 1%, 5%, and 10% levels, respectively. The sample spans the period from January 1, 2013, to December 31, 2019.

14



in Appendix B that our results remain robust when including verbal interventions by

BOI officials.

Effect on the forward rate and the cross-currency basis. The estimated coefficient
for the three-month USD/ILS forward rate equals 0.73% and is statistically significant
at the 10% significance level (Panel (A) in Table 5). Assuming constant domestic and
foreign interest rates between two consecutive trading days, this result departs from
the CIP predictions of a one-to-one relationship between spot and forward rates when
interest rates remain unchanged.

A plausible explanation involves balance sheet-constrained banks facing difficulties
in obtaining USD funding,®! making it costly — especially for lower-rated banks (see
Rime, Schrimpf, and Syrstad (2022) for empirical evidence) — to arbitrage deviations
from CIP.

Panel B in Table 5 supports this interpretation by showing that FXIs significantly
affect the CCB. Here we define the three-month CCB — expressed in annualized per-

centage points — following the market convention of Du et al. (2018):

CCB; = 1S — [VfL — (fe+90 — St)} , 3)

where rH° is the log of (1 + 3-month USD LIBOR), 7/ the log of (1 + 3-month TELBOR),
ftt+90 the log of the 3-month USD/ILS forward rate, and s; the log of the 3-month
USD/ILS spot rate. We focus on the 3-month money market rates, as these maturities
are the most liquid rates and have historically been used to arbitrage CIP deviations
(Rime et al., 2022).

Specifically, a regression of the three-month CCB on FXI volumes reveals a striking
result: a USD 1 billion FXI is associated with a widening of the (negative®?) USD basis

by more than 13 basis points (bps), compared to a median basis of -17.7 bps. This effect

3Note that the BOI's USD purchases are sterilized, which — according to the asset market approach
to exchange rate determination — implies that FXI do not systematically affect the domestic interest rate
(see, e.g., Villamizar-Villegas and Perez-Reyna (2017)). Moreover, since we use daily data, changes in
the U.S. risk-free interest rate from one day to the next are negligible.

31Recent empirical studies document a persistently negative CCB for many currencies vis-a-vis the
USD since the GFC (Du et al. (2018); Du and Schreger (2021)). In such cases, hedged synthetic USD
funding via FX swaps is more expensive than borrowing USD directly in the US cash market.

32Figure D.1 in Appendix D illustrates this and shows that the CCB for the USD/ILS FX rate falls
within the region where arbitrage was profitable for global banks.
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Table 5: Effect of interventions on the forward rate and cross-currency basis

(a) Panel A Dependent variable: A In(3M forward;) (in %)
[1]: OLS [2]: CU-GMM [3]: 2SLS
Intercept —0.02*** —0.03*** -0.025**
(-2.56) (-2.02) (-1.96)
FXI; 0.47*** 0.73* 0.705*
(4.14) (1.77) (1.69)
AEUR/USD;_1; -0.33%** -0.33%** -0.337%**
(-19.32) (-18.35) (-18.48)
AVIX;_5; 0.01*** 0.01%** 0.011***
(4.42) (4.42) (4.40)
IL_Monetary_Surprise; =3.31%** —3.28%** —3.332%**
(-5.76) (-5.81) (=5.86)
IL_CPI Surprise; -0.61** -0.62** -0.609**
(=2.06) (-2.11) (=2.08)
NS_FFR_Surprise; -3.75 -3.33 -3.653
(-1.48) (-1.23) (-1.41)
NS_Policy_Surprise; —7.76%** —-8.51*** —7.882%**
(-3.11) (-3.38) (-3.09)
CITI Surprise_Index; 0.000021 0.000082 0.000002
(0.09) (0.34) 0.008
Hansen J-statistic 2.22
Hansen J-statistic p-value 0.53
(b) Panel B Dependent variable: A 3M Basis; (in %)
[1]: OLS [2]: CU-GMM [3]: 2SLS
Intercept 0.10 0.32% 0.32%
(1.02) (1.83) (1.78)
FXI; -3.35%* —-13.56*** -13.10**
(-2.06) (-2.33) (-2.14)
AEUR/USD;_1 0.19 0.29 0.31
0.79) (1.15) (1.19)
AVIX¢_5; -0.09 -0.07 -0.09
(-1.36) (-1.17) (-1.30)
IL_Monetary_Surprise; 37.32%** 38.07*** 38.14%**
(3.15) (3.24) (3.24)
IL_CPI_Surprise; 3.13 3.384 3.29
(1.14) (1.22) (1.18)
NS_FFR_Surprise; 11.89 5.899 7.69
(0.50) (0.23) (0.30)
NS_Policy_Surprise; 58.75 68.97* 64.00
(1.52) (1.78) (1.63)
CITI Surprise_Index; 0.001 0.001 0.002
(0.46) (0.63) (0.76)
Hansen J-statistic 1.87
Hansen J-statistic p-value 0.60

Notes: The daily log return (in percent) of the three-month USD/ILS forward rate (“3M Forward”; Panel A) and the daily change
of the three-month USD/ILS basis (in percentage points p.a.; “A3M Basis;”; Panel B) are regressed on an intercept, the size of
interventions (“FXI;”; in USD billions), the daily log return (in percent) of the EUR/USD spot rate (“EUR/USD;_1 ;”), the
one-week change in the VIX (“AVIX;_5;”; in percentage points), and five news indicators (variables ending with “Surprise;”).
Specification [1] uses standard OLS, [2] the continuously updated GMM estimator (CU-GMM), and [3] two-stage least squares
(2SLS). For details on the CU-GMM instrument set, see Table A.1. The Hansen J-test assesses the validity of the over-identifying
restrictions in the GMM specification. t-statistics (in parentheses) are Newey-West HAC robust. ***, **, and * indicate significance
at the 1%, 5%, and 10% levels, respectively. The sample period is January 1, 2013, to December 31, 2019.
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is both statistically and economically meaningful,®

suggesting that the BOI's FXIs sig-
nificantly amplify funding stress in the USD/ILS swap market.>

Theoretically, however, our findings align with the predictions of the model pro-
posed by Amador et al. (2020). In their framework, the central bank (CB) of a SOE,
such as Israel, implements an optimal exchange rate policy under a zero-interest rate
environment through FX interventions. These interventions lead to a contemporane-
ous depreciation of the SOE’s currency. However, market participants anticipate that
the FXI regime will eventually be abandoned in the future — implying a future appreci-
ation of the domestic currency. This expectation creates arbitrage opportunities, as the
anticipated appreciation cannot be offset by a reduction in the nominal risk-free inter-
est rate due to the binding ZLB. Moreover, since financial intermediaries are assumed
to face binding balance sheet constraints, they are unable to exploit these arbitrage op-
portunities — allowing them to persist. As a result, both foreign and domestic investors
prefer domestic bonds due to their higher expected returns, which triggers capital in-
flows. Since domestic bonds strictly dominate foreign bonds, the domestic CB must
step in and purchase the latter, financing these purchases by issuing domestic bonds
Or money.

For completeness, we note that our CCB results also align with the FXI framework
of Fanelli and Straub (2021),% who explore the role of FXI in mitigating the distribu-
tional consequences of adverse real exchange rate movements. In their model, FXIs
lead to CIP violations whenever trading in the forward market faces no participation

costs or no position limits.

Robustness. Asshown in Table D.1 in Appendix D, our results are robust to the com-
mon market practice of using FX swaps instead of separate spot and forward trans-
actions, the incorporation of transaction costs, the inclusion of the marginal funding

costs for the arbitrageur, which are approximated by the commercial paper rate, and

33The standard deviation of the three-month CCB over the sample period is 16.5 bps. Hence, the BOI's
FXI activities widen the CCB by around 0.82 standard deviations.

34The effect persists for up to 90 days, as shown in Appendix Figure C.1c.

%This correspondence is unsurprising: Amador et al. (2020) build on the intermediary frictions of
Gabaix and Maggiori (2015), and Yakhin (2021) demonstrates that the Gabaix and Maggiori (2015) and
Fanelli and Straub (2021) models are equivalent to a first-order approximation.
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the Makam yield® for the risk-free investment leg of the CIP arbitrage trade.

3.2 Determinants of the effectiveness of FXI

Recent theoretical contributions in the FXI literature highlight the role of financial fric-
tions — such as capital-constrained financial intermediaries — in explaining the effec-
tiveness of sterilized FXI, as they prevent the elimination of arbitrage opportunities
(see the reviews in Villamizar-Villegas and Perez-Reyna (2017) and Popper (2022)).

To illustrate the role of frictions, we draw on the two-country model of Gabaix
and Maggiori (2015).37 In this model, households trade goods internationally and bor-
row/lend in risk-free domestic currency bonds with international financiers. These
tinanciers face financial constraints due to limited risk-bearing capacity and balance
sheet risks, resulting in a downward-sloping demand curve for risk-taking. As a conse-
quence, they demand a currency risk premium to absorb imbalances in the global bond
market. This leads to imperfect substitution between risk-free bonds in the two coun-
tries, and asset returns become dependent on relative asset supplies. Central banks
can then affect this risk premium by altering relative asset supplies. For instance, FXIs
aimed at depreciating the domestic currency involve the purchase of foreign currency
bonds, financed by selling, e.g., domestic currency bonds. These transactions alter the
relative supplies in the global bond market and thereby the size and the composition
of the financiers” balance sheets. This, in turn, influences the currency risk premium
and the spot rate. The effect of FXIs thereby increases with the severity of financial
frictions.

To empirically explore the role of financial frictions, we interact FXI size with the
weekly difference (due to its non-stationarity) of the squared leverage ratio of primary
dealers from He, Kelly, and Manela (2017) (HKM) — a measure of financial interme-
diaries’ risk-bearing capacity. Table 6 shows that FXI effectiveness increases signifi-
cantly when global banks are more capital-constrained, consistent with Gabaix and
Maggiori (2015). Our result also supports the micro-founded model for the Interna-
tional Monetary Fund’s (IMF) integrated policy framework, proposed by Adrian et al.

(2021), where the “limited risk-bearing capacity of agents” is key for the effectiveness

3Makam is a zero-coupon, risk-free short-term security (up to one year) issued by the Bank of Israel.
37See also Blanchard, Adler, and de Carvalho Filho (2015).

18



of FXI in SOEs. Consequently, our finding is particularly relevant for central banks in
SOEs, where FXIs are a more intensively used monetary policy instrument (Interna-
tional Monetary Fund, 2022). The FX rate is also an important channel for the trans-
mission of monetary policy in these economies (see e.g., Devereux and Engel (2003)

and Svensson (2000)), highlighting the relevance of our finding.

Table 6: Determinants of the effectiveness of interventions

Dependent variable: Alog(USD/ILS;) (in %)

Controls
Intercept -0.03*
(-1.87)
FXI; 0.83*
(1.74)
AHKM;_5,; 0.005**
(2.09)
AHKM;_5,; x FXI; 0.32%**
(2.60)
AEUR/USD;_1 —0.39%*
(-22.05)
AVIX;_5; 0.005
(1.62)
IL_Monetary_Surprise; =3.02%**
(-4.57)
IL_CPI Surprise; —-0.59**
(-2.06)
NS_FFR_Surprise; -2.67
(-0.78)
NS_Policy_Surprise; 3.13
(1.28)
CITI Surprise_Index; -0.00002
(-0.08)
Hansen J-statistic 13.48
Hansen J-statistic p-value 0.14

Notes: The daily log return of the USD/ILS spot rate (in percent) is regressed on an intercept, the size of interventions (“FXI;”; in
USD billions), the one-week change in the HKM indicator (“AHKM;_5;"), the interaction between FXI; and AHKM;_5, the daily
log return of the EUR/USD spot rate (“EUR/USD;_1 ;”; in percent), the one-week change in the VIX (“AVIX;_5;”; in percentage
points) and the five news indicators (variable names ending with “Surprise;”), using the continuously updated GMM estimator
(CU-GMM). The set of instruments used in the CU-GMM is detailed in Table A.1. We report the Hansen J-test statistic of
over-identifying restrictions to assess the consistency of the data with the imposed moment conditions. The t-statistics are
Newey-West HAC corrected and reported in parentheses. *, **, and *** denote significance at the 10%, 5%, and 1% level,
respectively. The sample period is January 1, 2013, to December 31, 2019.

Finally, our results also align with the view that the tighter banking regulation in the
aftermath of the GFC — e.g., the higher capital requirements under the new banking

regulatory framework Basel III°® — may have amplified the effectiveness of sterilized

3Note that under Basel II1, a higher leverage ratio indicates lower leverage (i.e., a higher capital ratio),
which is the opposite of the usual leverage interpretation.
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FXI. This is because the HKM metric, which is a function of the leverage ratio, is a key
determinant of the effecctiveness of the BOI's FXI activities. The increased use of FXIs,
as reported by the International Monetary Fund (2022), may be partially attributed to
this regulatory change.

Robustness. To assess the robustness of our findings, we calculate the composite
squared leverage ratio of the banks that are most actively trading in the USD/ILS spot
market, following the He et al. (2017) approach. Using this indicator (displayed in Fig-
ure E.1 in Appendix E) does not alter our results (compare Table 6 with Table E.1 in
Appendix E). Additionally, the HKM indicator is strongly correlated with an alterna-
tive risk-bearing capacity indicator that is constructed with the leverage ratios of FX
primary dealers as the input, as shown in Cerutti and Zhou (2023). These two findings

suggests that the specific choice of the indicator is of secondary importance.

3.3 Interventions and the higher-order moments of the RND

We examine how option markets” expectations change in response to the BOI’s spot
market interventions. Specifically, we analyze the price quotes of at-the-money volatil-
ity?® (ATMV), scaled RRs, and scaled BF spreads,**#! which serve as proxies for the
higher-order moments of the RND (see Online Appendix E.3 for details). We assess
how these price quotes respond to FXI activities both contemporaneously and over
longer horizons (Section 3.3.2), focusing on option contracts with maturities ranging
from one month (“1 M”) to twelve months (“12 M”). This granularity allows us to un-
derstand the option market participants’ view about the long-term effect of FXI, which

is relevant for policymakers.

¥These are USD/ILS (put/call) option contracts with a strike price equal to the current forward rate.
It is a proxy for market-implied volatility.

40These option price quotes are the result of, e.g., buying a call below the spot rate, selling two at the
spot rate, and buying one above it. As a buyer you earn the most if the (future) spot rate at the maturity
date is “close” to the current spot rate; i.e., it is bought by investors expecting only modest exchange
rate movements over the option contract’s maturity. For details, see Online Appendix C.

“1We scale the price quotes of the RR and the BF option contracts to remove their dependence on
the prevailing level of the option-implied volatility curve (Jurek, 2014). Specifically, we divide them by
the ATMV with equivalent maturity, allowing them to directly reflect the option-implied skewness and
excess kurtosis of the USD/ILS RND (see Online Appendix E.3).
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3.3.1 Foreign exchange interventions and the information contained in the higher-
order moments of the risk-neutral distribution

We investigate whether the lagged higher-order moments of the RND are positively

associated with the size of FXIs. To this end, we regress FXI data on the one-day

lagged two-week change of the equally weighted mean of the scaled 10- and 25-A

RR (“ARR;_11+_1”), scaled BF spreads (“ABF;_11;_1”), and ATMV (“AATMV;_11; 17),

using in addition our benchmark controls X; from Table 4:
FXI; = & + Brr ARR; 11,41 + Bpr ABFy 1141 + By AATMV, 1141+ X[y + &4,

All RND-moment measures (or scaled option price quotes) are computed over t — 11
tot — 1 and entered with a one-day lag to reduce simultaneity concerns.

We control for the contemporaneous change in the spot rate to account for the sys-
tematic positive correlation between changes in the USD/ILS spot rate and changes
in the quoted prices of the RRs and BF spreads. This correlation is observed in prac-
tice?? and may impact our results if not properly controlled for. In other words, we
aim to assess how the options market responds to new information, independent of
the contemporaneous spot rate movements. The results are presented in Table 7.

The results indicate that only the coefficients associated with ARR, a measure of the
skewness of the RND, are significant. This suggests that option market participants
primarily price in crash risks related to a large future ILS depreciation, as the coeffi-
cients associated with the ABF spreads are insignificant. Consequently, by intervening
in the spot market, the BOl is able to affect option market expectations in the intended
direction (i.e., towards an expected ILS appreciation).

In terms of the size of this effect, we see that a one percentage point increase of the
RR is associated with a larger FXI volume of between USD 153 million (“1 M”) and
USD 226 million (“6 M”). The upward adjustment of the RRs occurs across all maturi-

ties, suggesting that option market participants expect the upcoming FXI activities to

“Tables D.2, D.3, and D.4 in Online Appendix D report positive correlations between the log returns
of the option price quotes and the daily USD/ILS spot rate changes. This contemporaneous relationship
- documented in McCauley and Melick (1996); Malz (1997) and Campa, Chang, and Reider (1998) for
RRs - suggests that investors assign a larger weight to a continued depreciation (appreciation) of the ILS
following recent ILS weakness (strength), indicating momentum. The rare-disaster model of FX rates
proposed by Farhi and Gabaix (2016) offers a compelling alternative explanation for this pattern.
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have a lasting effect on the future spot rate, persisting for at least twelve months.

Table 7: Relationship between lagged scaled risk reversals, butterfly spreads, at-the-money
implied volatilities, and foreign exchange interventions

Dependent variable: FXI;

1M 3M 6 M I9M 12M
Intercept 0.01*** 0.01*** 0.01*** 0.017** 0.01***
(6.86) (6.90) (6.85) (6.82) (6.74)
ARR;_ 1141 0.153** 0.205** 0.226* 0.187*% 0.204*
(2.03) (2.12) (1.87) (1.66) (1.68)
ABF, 1141 0.122 -0.078 -0.133 -0.266 -0.361
(0.39) (-0.28) (-0.49) (-1.04) (-1.21)
AATMV; 1141 0.0016 0.0042 0.0037 0.0019 —-0.0008
(0.30) (0.64) (0.50) (0.25) (-0.09)
Controls Yes Yes Yes Yes Yes
Adjusted R? 6.34 6.40 6.39 6.34 6.38

Notes: The size of daily FX interventions (“FXI;”, in USD billion) is regressed on the one-day lagged two-week change of the
equally weighted mean of the scaled 10- and 25-delta USD/ILS risk reversals (ARR;_11 ;—1), the scaled 10- and 25-delta USD/ILS

butterfly spreads (ABF;_11,;—1) and the at-the-money USD/ILS options (AATM;_11;_1). We consider five option maturities in
total, ranging from one month (“1 M”) to twelve months (“12 M”). As additional controls, we use controls of our benchmark
specification in Table 4. The t-statistics are Newey-West HAC corrected and reported in parentheses. ¥, **, and *** denote
significance at the 10%, 5%, and 1% levels, respectively. The sample period is January 1, 2013 to December 31, 2019.

3.3.2 Econometric assessment of the longer-term effect of FXI

We employ the local projection-instrumental variable (LP-IV) approach, as used in
Ramey and Zubairy (2018)), to examine the impact of the BOI's FXIs on the higher-
order moments of the RND function (Figure 3). This approach allows us to assess how
the expected higher moments of the future spot rate distribution respond to FXIs over
longer periods. We control again for the contemporaneous correlation between option
price quotes and the spot rate.

Our results reveal that FXI are associated with three key shifts in the option-implied
RND: (i) a pronounced decline in ATMYV at the intervention date that remains signifi-
cantly lower for the six-, nine-, and twelve-month maturities, (ii) an increase in skew-
ness for short-dated options, reflecting a greater likelihood of ILS depreciation than

appreciation,*? and a (iii) reduction in excess kurtosis** for longer-dated contracts, im-

#3The scaled RR rises significantly around the intervention for one-month tenors only.
#4The BF spread increases significantly over longer horizons for the six-, nine- and twelve-month
options, consistent with a drop in implied excess kurtosis.
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Figure 3: Longer-term effect of a FX intervention shock of size USD 1 billion

(a) Cumulative change of the at-the-money implied volatility across five maturities (in pp)
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(b) Cumulative change of the scaled butterfly spreads across five maturities (in pp)
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(c) Cumulative change of the scaled risk reversals across five maturities (in pp)
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Notes: The figure shows the average cumulative change of the USD/ILS at-the-money volatility (Panel (a)), Butterfly spreads
(Panel (b)), and risk reversals (Panel (c)) across five maturities from day 0 to 100, where day 0 marks the start of the trading day
when the first intervention occurred. Solid lines indicate the cumulative response, while shaded areas represent 90% and 95%
confidence intervals.

plying that extreme spot rate moves are deemed less likely.*

Although the statistical significance is mixed — some estimates are only significant
over a short period — the directional effects are robust: FXIs consistently tilt option-
implied expectations toward future ILS depreciation and lower implied volatility in
the months that follow. Economically, a USD 1 billion purchase — associated with an
average 0.83% ILS depreciation against the USD — yields approximately a 5 pps decline
in ATMYV, a 0.10 pps increase in BF spreads, and a 0.3 pps rise in RRs.

The effect on the higher-order moments unfolds slowly. This slow adjustment could

simply reflect sampling error. However, the gradual build-up in option price quotes

#5The patterns (ii) and (iii) are consistent with the empirical evidence in Chen, Hsieh, and Huang
(2018), who document that skew risk predominates at short horizons while tail risk emerges over longer
horizons in EUR/USD options.
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also aligns with the notion that sophisticated arbitrageurs face binding capital con-
straints and risk limits, preventing an immediate full adjustment to intervention news.
Given the well-documented clustering of FX interventions (see footnote 7 and Table
2), market participants may anticipate additional interventions once a FXI shock oc-
curs, which — due to aforementioned “limits to arbitrage” — delays full option price
adjustment. This interpretation is particularly compelling for longer-maturity ATMV
options, where margin requirements are highest because of high potential future expo-
sure.6

The pattern we document aligns with models of slow-moving capital (see Duffie
(2010) and the references within) where price discovery occurs gradually as constrained
arbitrageurs slowly incorporate new information about intervention policy into option
valuations. In particular, Roussanov and Wang (2023) demonstrate that even in the
highly liquid USD market, a U.S. monetary policy shock leads to a gradual, week-long

appreciation of the USD, an effect they attribute to constrained arbitrageurs. Therefore,

our results are in line with this literature.

Relationship to Table 7. A complementary explanation for the slow option price ad-
justment is that FX option writers may misestimate the size of FXIs ex ante. The dy-
namism in the option price quotes then aligns with the idea that option writers ex ante
only priced in a fraction of the actual FXI volumes — and, as demonstrated in Table 7,
also only for RRs — and recalibrate their expectations concerning the higher-order mo-
ments of the RND after an FXI episode accordingly. This gradual adjustment highlights
the role of spot market FXIs in shaping evolving option market expectations.

Last but not least, the market also needs time to learn and agree on the effectiveness

of the intervention spell, especially since the BOI's FXIs are secret.

46 At-the-money options have the highest option vega — a measure of option price sensitivity to
changes in implied volatility — so their exposure can decline markedly as implied volatility falls over
the contract’s life. In theory, RRs exhibit zero vega and BF spreads display small and negative vega.
Consequently, when implied volatility decreases, ATMYV is expected to fall, RR quotes should remain
stable, and BF spreads should increase slightly, though by a much smaller amount than ATMV (see
Online Appendix C.3 for details).
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3.4 Interventions and tail probabilities

We now analyze how the tail probabilities of the RND change in anticipation of future
FXIs over the lifetime of the underlying option contracts (Section 3.4.1). We also assess
how these probabilities respond to FXI in the spot market, both contemporaneously

and over longer horizons (Section 3.4.2).

3.4.1 Relationship between the lagged tail probabilities and interventions

This section analyzes the relationship between lagged option-implied tail (or crash)
probabilities and the size of future FXIs, serving three purposes: (i) it builds on our
prior finding (Section 3.3.1) showing that lagged changes in the scaled RR are posi-
tively associated with the size of FXIs, after controlling for their effect on the USD/ILS
spot rate. As RRs reflect the risk-neutral probabilities of a large ILS depreciation versus
a large ILS appreciation, their positive correlation with FXIs suggests higher concern
over downside than upside risks. Disentangling the probabilities of an extreme ILS
depreciation from those of an extreme ILS appreciation therefore allows us to better
understand how option markets recalibrate expectations in anticipation of forthcom-
ing FXIs. (ii) The interest in understanding how FXIs affect tail risks is also motivated
by the BOI's past success in mitigating these risks via spot market FXIs,* suggesting
that the BOI may consider tail risks in their monetary policy decision-making process.
(iii) Framing results in terms of probabilities rather than option-implied higher mo-
ments (or option prices), enhances interpretability, facilitates monetary policy-making

under a FXI regime, and supports central bank communication with the public.

Methodology. For each trading day and across five maturities, we fit a second-order
polynomial to describe the implied volatility-moneyness curve, following the approach

of Zhang and Xiang (2008): 4849

V(@) =70 (1+mE+m8?), @

47From July 2008 to 2010, according to an interview of the former Governor of the BOI Stanley Fisher
in Maggiori (2021).

#This curve was initially proposed by Backus, Foresi, and Wu (2004) for FX options, albeit with a
different definition of moneyness ¢.

YFor a related method to estimate option-implied tail probabilities, see Cortes, Gao, Silva, and Song
(2022).
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with 9, 1 and 7, capturing the level, slope and curvature of the IV smile curve, and

¢ defined as the log-moneyness

IH(K / Ft)
ot

with K denoting the strike price, F; the forward rate implied by put-call parity for

¢ = (5)

ATM options, & representing the average volatility of the underling exchange rate®
— an industry convention for stocks to facilitate cross-asset comparability — and 7 =
T — t the time to maturity, where T is the expiration date of the underlying option
contracts.”!

After fitting the IV smile curve, we compute the risk-neutral tail probabilities of a
sharp ILS appreciation using the closed-form formula proposed by Zhang and Xiang

(2008):
ln(ST/Ft)
o/t |’

where St denotes the underlying exchange rate at maturity T, and ¢(x) and ®(x)

F(S7,7,5:,0) = ®(—d) + ¢(d)? 71+ 272 ©6)

are the standard normal probability density function and the cumulative distribution

function, respectively. Furthermore,

In(F;/St) — 0.5V2T
d = ,
VT

2
Vo= (1+711“<ST/5)+72 {ln(ST/Ft)} )

T\ T T\/T
We proceed in a similar way to obtain the probabilities of a sharp ILS depreciation.

In our paper, the risk-neutral tail probabilities reflect an expected change in the
USD/ILS spot rate by =4 2 percent>? for the one-month maturity, + 3 percent for the
three-months maturity, &= 6 percent for the six-months maturity, = 9 percent for the
nine-months maturity, and =+ 10 percent for the twelve-months maturity. These thresh-
olds are adapted from Hattori, Schrimpf, and Sushko (2016), who evaluate equity mar-

ket tail risks over a three-month horizon using the S&P 500 index. Given the lower

Calculated as the daily average of the five implied volatilities across call, put, and ATM options.

>We opted for this approach instead of jump-diffusion models as in, e.g., Olijslagers, Petersen,
de Vette, and van Wijnbergen (2020), as it is implausible to expect a complete depreciation (i.e., a crash)
of either the ILS or the USD during the sample period.

2Hence, E(St) = 0.98S; (or E(St) = 1.02S;) for the probability of a sharp ILS appreciation (depreci-
ation), where E(*) denotes the expectations operator.
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volatility of FX markets relative to equities, we scale these thresholds down accord-
ingly.

The results are presented in Table 8. While all estimated coefficients carry the ex-
pected sign, statistical significance emerges only for the probabilities of a sharp ILS
depreciation. Specifically, a one percentage point increase in the right-tail probability —
i.e., a higher risk-neutral likelihood of a large ILS depreciation — is associated with an
expected increase in the size of FXIs ranging from USD 315 million (“1 M”) to USD 928
million (“12 M”), relative to trading days when right-tail probabilities remain constant.
This result suggests that market participants anticipate larger FXI volumes when the

perception of downside risks increases.

Table 8: Relationship between lagged tail probabilities and interventions

Dependent variable: FXI;

1M 3M 6M IM 12M
Intercept 0.013*** 0.014*** 0.013*** 0.013*** 0.013***
(5.49) (5.31) (6.17) (5.50) (5.96)
AProb. of appreciation;_11¢—1 -0.208 -0.370 -0.432 -0.446 -0.503
(-0.79) (-1.37) (-1.51) (-1.06) (-1.46)
AProb. of depreciation; 11,1 0.315 0.730* 0.774** 0.641 0.928%*
(1.06) (1.96) (2.37) (1.52) (2.08)
Controls Yes Yes Yes Yes Yes

Notes: The table reports regression results of daily intervention volume (“FXI;”, in USD billion) on the one-day lagged two-week
changes in the probability of a sharp ILS appreciation (“AProb. of appreciation;_j1,;—1”, in percentage points) and depreciation
(“AProb. of depreciation;_11¢_1”, in percentage points) across five contract maturities, ranging from one month (“1 M”) to
twelve months (“12 M”). All specifications include control variables: the one-day lagged log returns of the NEER over one-week
and one-month horizons, and the one-day lagged one-day change in the VIX. The t-statistics (in parentheses below the
coefficients) are Newey-West HAC corrected. *, **, and *** denote statistical significance at the 10%, 5%, and 1% levels,
respectively. Sample period: January 1, 2013 to December 31, 2019.

3.4.2 Econometric assessment of the longer-term effect of FXI

Figure 4 depicts the dynamic response of the option-implied left-tail and right-tail
probabilities to an unexpected FXI shock at time zero.>® The shock corresponds to
an anticipated ILS appreciation or depreciation by at least 2%, 3%, 6%, 9% and 10%
across maturities of one, three, six, nine, and twelve months, respectively. The plot
shows that shifts in the RND are primarily driven by a reduction in the probability
of a sharp ILS appreciation (i.e., the left tail). For the right tail, the null hypothesis of

no significant persistent effect cannot be rejected, except for a short-lived impact on the

3For tractability, we interpret the linear projections directly as tail probabilities - rather than, e.g.,
transforming them via a logistic or probit link - thus enabling a straightforward estimation of FXI effects.
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Figure 4: The longer-term effect of a $1 billion FX intervention shock

(a) Cumulative change of left-tail probabilities across five maturities (in pp)
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(b) Cumulative change of right-tail probabilities across five maturities (in pp)
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Notes: The figure illustrates the average cumulative change in the option-implied tail probabilities (in pps) over a 100-day
horizon across five maturities. Panel (a) shows left-tail probabilities (reflecting ILS appreciation), while panel (b) displays the
right-tail probabilities (reflecting ILS depreciation) probabilities. Day 0 marks the start of the trading day during which FXI
activity commenced. The solid lines represent cumulative responses, and shaded areas display the 90% and 95% confidence
intervals.

——Response of depreciation Probabilities

nine-month options at the beginning of the time horizon. This finding indicates that the
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BOI'’s spot market FXIs also affect option market expectations in the intended direction,

specifically by mitigating appreciation pressures on the ILS.

4 Conclusion

Since early 2008 — after policy rates hit the zero lower bound and conventional ammu-
nition was exhausted — the Bank of Israel (BOI) frequently intervened in the USD/ILS
spot market by purchasing USDs to counteract ILS appreciation pressure. Focusing on
the FXI regime from 2013 through the onset of the COVID-19 pandemic, we find that
these sterilized interventions resulted in a sharp depreciation of the ILS. Our paper
thereby adds recent empirical evidence to the FXI literature that often analyzed FXI
markets that were much less developed and often used coarse and imprecise proxies
for the undisclosed actual FXI volumes. We also add empirical evidence on secret FXIs,
which is still scarce and underresearched (Naef and Weber, 2023).

We show that capital constraints on global financial intermediaries help explain this
effectiveness, lending empirical support to models such as Gabaix and Maggiori (2015),
which attribute the effectiveness of sterilized FXIs to intermediary constraints. This in-
sight offers operational guidance to central banks by identifying the structural condi-
tions under which the effect of sterilized FXIs is amplified. Additionally, we show that
the BOI's FXIs widen the deviations from covered interest rate parity (CIP) — as cap-
tured by the cross-currency basis (CCB) — consistent with the predictions of Amador
et al. (2020), who study the optimal FX rate policy in a small open economy when
policy rates are zero. This framework suggests FXI regimes in a zero interest rate en-
vironment lead to systematic CIP violations — supporting the external validity of our
empirical results.>*

Moreover, our findings highlight the rich informational content of FX option mar-
kets for evaluating the effectiveness of spot market FXIs. By monitoring how option
market expectations —reflected in the higher-order moments of the risk-neutral density
(or the corresponding scaled ATMYV, BF spreads, and RRs) and tail risk probabilities —

adjust in response to FXIs in the spot market, central banks can assess whether inter-

%In the meantime, many more papers propose models that predict persistent and systematic CIP
deviations after FXIs, see, e.g., Bacchetta, Benhima, and Berthold (2023); Bacchetta, Davis, and van Win-
coop (2024); Ferreira, Mullen, Ricco, Viswanath-Natraj, and Wang (2025).
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ventions steer market expectations in the intended direction. Such insights enhance
the sustainability of intervention strategies and underscore the need for FXI-operating
central banks to implement a systematic framework that integrates option market data

into the assessment and design of FXI policy.
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Appendix
A Specification analysis of first-stage regression

We experimented with several additional instruments to refine our baseline specifi-
cation. These included the deviation of the USD/ILS spot rate from an implicit target

level

under the assumption that the BOl intervenes when the ILS appears misaligned
relative to its historical average. We also tested deviations from several different his-
torical averages for the one-month ATMV and 25-A RR as FXI triggers (Galati et al.,
2005). None of these variables yielded statistically significant results in the first-stage
regression and were excluded for parsimony. We further tested alternative controls,
including changes in the five-year Israeli CDS spread — following Nedeljkovic and
Saborowski (2019) —but found no improvement in model fit or CU-GMM performance.

The final first-stage regression results are shown in Table A.1. Most coefficients
exhibit the expected signs. We also find that a one percentage point appreciation of the
ILS vis-a-vis a basket of currencies (“A NEER” > 0) prior to the start of an FXI spell is
associated with an USD 16 million increase in FXI volume, consistent with a “leaning
against the wind” FXI strategy. Likewise, an FXI of USD 1bn on day t — 1 predicts and
an increase in the FXI volume of USD 167m on day ¢.

Because all the instruments of this specification are used as instruments in our CU-
GMM regression, we report the Montiel Olea and Pflueger (2013) statistic to assess in-
strument strength. The test statistic exceeds the critical threshold, allowing us to reject
the null of weak identification and proceed confidently with the CU-GMM estimator.
This result is important, as weak instruments may otherwise lead to poorly-defined
finite sample moments (see Hahn, Hausman, and Kuersteiner (2004) and Donald and
Newey (2000)).

To assess the robustness of our benchmark specification, we estimate multiple

55Following, e.g., Baillie and Osterberg (1997); Galati et al. (2005); Disyatat and Galati (2007); Galati
et al. (2007); Ito (2007); Ito and Yabu (2007); Nedeljkovic and Saborowski (2019); Naef and Weber (2023),
drawing on early insights from Goodhart and Hesse (1993) and Lewis (1995).



Table A.1: First-stage regression

Dependent variable: FXI; (in USD billion)

Controls
Intercept 0.014%*
(7.15)
AEUR/USD;_1 0.012%**
(2.83)
AVIX;_54 0.00027
(0.52)
IL_Monetary_Surprise; 0.089
(0.69)
IL_CPI Surprise; 0.006
(0.24)
NS_FFR_Surprise; -0.285
(-0.77)
NS_Policy_Surprise; 0.475
(1.18)
CITI Surprise_Index; 0.067
(1.23)
Instruments
FXI;_4 0.174***
(3.97)
1 {FXIt—Er,tfl >0} 0.008**
(1.97)
ANEER; _3; 1 -0.016***
(=3.76)
ANEER;_13;_3 -0.006***
(-3.63)
Adjusted R? 6.2
Effective F Statistic 15.99
Critical Value 15.65

Notes: The dependent variable is the daily foreign exchange intervention volume (“FXI;”), measured in USD billions, sourced
from the Bank of Israel for the period January 1, 2013 to December 31, 2019. Summary statistics for the explanatory variables are
provided in Tables 3. The VIX is expressed in percent. Detailed information on the other controls and instruments are available
in Online Appendix B. To assess instrument strength in the GMM estimation, the Montiel Olea and Pflueger (2013) test statistic is
reported using the Newey-West variance estimator, along with the corresponding critical value under a bias tolerance of 0.10.
The t-statistics (in parentheses below the coefficients) are Newey-West HAC corrected. *, **, and *** denote statistical significance
at the 10%, 5%, and 1% levels, respectively.

variants of our first-stage regression in Table A.2. Specification [1] confirms the signifi-
cance of the one-day lagged FXI volume, while the coefficients for the two-day lagged
FXI volume and the weekly FXI dummy — equal to one if the BOI intervened in the
previous week — are statistically insiginficant. In specification [2], we introduce the log
return of the USD/ILS spot rate across different horizons and lag structures, as well
as the deviation from its one-year moving average AMA(USD/ILS);_; as a proxy for

the unobserved fundamental value. The deviation variable lacks explanatory power,
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Table A.2: First-stage regression specification analysis

[1] [2] [3] (4] (5]
Controls
Intercept 0.016*** -0.006 —-0.005 0.013%*** 0.013%**
(7.43) (-0.23) (-0.22) (6.65) (6.81)
AEUR/USD;_1 0.012*** 0.012%** 0.012*** 0.012%** 0.012%**
(2.72) (2.88) (2.86) (2.81) (2.81)
AVIX;_5, —0.00001 0.00024 0.00027 —0.00001 0.00021
(-0.02) (0.47) (0.51) (-0.02) (0.40)
IL_Monetary_Surprise; 0.075 0.086 0.086 0.089 0.095
(0.57) (0.64) (0.66) (0.71) (0.75)
IL_CPI Surprise; 0.012 -0.005 -0.002 0.009 0.004
(0.53) (-0.21) (-0.08) (0.39) 0.17)
NS_FFR_Surprise; -0.396 -0.311 -0.293 -0.331 -0.317
(-1.07) (-0.86) (-0.80) (-0.89) (-0.86)
NS_Policy_Surprise; 0.526 0.442 0.447 0.490 0.497
(1.30) (1.14) (1.14) (1.21) (1.24)
CITI Surprise_Index; 0.058 0.088 0.087 0.078 0.077
(1.04) (1.62) (1.59) (1.46) (1.41)
Instruments
EXI;_4 0.18*** 0.17*** 0.17*** 0.17*** 0.17***
(4.17) (3.97) (3.89) (3.95) (3.95)
EXI;_» 0.02
0.40
H{FXIt,é,f,1>0} 0.01 0.01 0.01* 0.01* 0.01*
(1.53) (1.41) (1.66) (1.85) (1.93)
AUSD/ILS; 341 —0.01*** -0.01
(-2.56) (-1.19)
AUSD/ILS; 133 —0.0042*** —0.0003
(-2.48) (-0.09)
AUSD/ILS; 61 +—1 -0.0013** -0.0016
(-2.20) (-1.47)
AMA(USD/ILS);_4 0.01 -0.01
(0.90) (-0.84)
ANEER;_3;_1 -0.01 —0.02%** —0.02%**
(-0.85) (-3.66) (-3.64)
ANEER;_13;_3 -0.01 —0.07*** —0.01***
(-1.61) (-2.90) (-2.98)
ANEER;_g; +—1 0.0002 —0.0017*** —0.0016***
(0.15) (-2.57) (-2.42)
ACDS;_p1 -1 —0.0004**
(-1.99)
AVIX;_11,4-1 0.0005
(1.12)
Adjusted R? 4.32 6.43 6.49 6.36 6.27
Effective F Statistic 13.43 13.19 10.32 12.48 14.69
Critical Value 15.02 16.51 16.86 17.44 17.37

Notes: The dependent variable is the size of foreign exchange interventions (“FXI;”), measured in USD billions and available

daily from January 1, 2013 to December 31, 2019. To assess instrument strength in the GMM estimation, we report the

Montiel Olea and Pflueger (2013) test statistic based on the Newey-West variance estimator, alongside its critical value under a
bias tolerance of 0.10. Summary statistics for all explanatory variables are reported in Tables 3. Foreign and institutional flows
are in USD millions; CDS spreads are in basis points. The t-statistics (in parentheses below the coefficients) are Newey-West HAC
corrected. *, **, and *** denote statistical significance at the 10%, 5%, and 1% levels, respectively.

whereas the log return series consistently show significance. The negative sign aligns
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with the observation in Section 3.1.1 whereby the BOI intervenes more aggressively
(in the sense of buying more USDs) during periods of stronger preceding currency
appreciation. Specification [3], which jointly includes lagged NEER and USD/ILS spot
rate movements, produces weak instruments and is thus excluded. Specification [4]
replaces the USD/ILS spot rate with changes in the five-year Israeli CDS spread and
the VIX. While only the CDS variable is statistically significant, its economic effect is
negligible. Specification [5] reaffirms the relevance of lagged NEER movements. Given
the NEER’s role as a measure of international competitiveness, this implies that the
BOI's reaction function may incorporate factors aligned with its objective of preserving
competitiveness though FXIs (Cukierman, 2019). In addition, the United States is by far
Israel’s largest export destination (Al Jazeera Staff, 2025), accumulating USDs instead
of other currencies via these interventions is a natural policy choice.

Overall, specifications [2]-[5] support characterizing the BOI's FXI activities as “lean-
ing against the wind” — countering short-term shekel appreciation pressures to support
the Israeli economy.

To conclude, the sensitivity analysis in Appendix A reveals that the estimated coef-
ficients are qualitatively and quantitatively consistent across alternative specifications.
This lends confidence to the robustness of our first-stage regression. While the ad-
justed coefficient of determination R? is lower than in prior studies estimating similar
reaction functions (i.e., first-stage regressions in the GMM framework) - e.g., Galati
et al. (2005), Disyatat and Galati (2007), Galati et al. (2007), and Ito and Yabu (2007)
— we do not consider this a major concern. Our primary objective is not to maximize
explanatory power, but to mitigate simultaneity bias in the second-stage estimation.
Accordingly, the relatively modest R? is acceptable given the consistent performance

of the selected instruments.
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B Verbal interventions

To examine whether our empirical findings are primarily driven by “verbal” rather
than actual FX interventions, as posited in our paper, we manually collect Bloomberg
news articles in which a senior BOI official — namely the governor or deputy gover-
nor — explicitly mentions FXIs. We identify twelve such articles, with corresponding
publication dates reported in Table B.1. In untabulated results, we find that these pub-
lication days are associated with elevated USD/ILS spot market volatility, indicating
that verbal interventions convey information deemed relevant by FX market partici-

pants.

Table B.1: Verbal interventions by the BOI

Date Verbal intervention

4/8/2013 Bank of Israel confirms intervention in forex market Monday
5/13/2013  Bank of Israel unexpectedy cut rates and reveals shekel plan
3/24/2014 HSBC says central bank may impose shekel floor

3/1/2017  BOIl says forex intervention still on table

3/2/2017 BOI says reserves can exceed $100b limit

7/6/2017  Israeli govt’ to put aside $1.5b for fx intervention

9/29/2017  BOI’s Flug: FX intervention in small banks’ version of QE
1/31/2018  Bank of Israel official urges patience on shekel strength
12/25/2018 Yaron doesn’t rule out intervention in forex market

4/18/2019  Israeli central bank might resume intervening in the forex
11/26/2019 Bank of Israel holds base rate at 0.25%, intervenes in forex market
11/30/2019 Bank of Israel prefers Forex buys to interest cuts for now, says official

Notes: Data are manually collected from Bloomberg’s news terminal. The sample spans the period from January 1, 2013 to
December 31, 2019.

We next examine whether our contemporaneous FXI results in Table 4 are driven by in-
terventions rather than actual trading activity. To do so, we re-estimate the benchmark
specification excluding all dates on which BOI officials made public FXI-related state-
ments (see Table B.1). As incorporating a verbal intervention dummy may introduce
endogeneity bias, we do not pursue that specification. The results, reported in Table
B.2, indicate that FXIs remain highly effective even in the absence of concurrent verbal
signaling. Effect sizes are quantitatively similar to those obtained for the full sample,
underscoring that the identified FXI response is not merely a function of central bank

communication.



Table B.2: Contemporaneous relationship between the exchange rate and foreign exchange
interventions on non-verbal intervention days

Dependent variable: A In(USD/ILS;) (in %)

[1]: OLS [2]: CU-GMM [3]: 2SLS
Intercept —0.02%* -0.03* -0.03**
(-2.81) (-2.27) (-2.26)
FXI; 0.54*** 0.93** 0.91**
(4.67) (2.03) (1.97)
AEUR/USD;_1 -0.41 -0.41 -0.41
(-22.98) (-21.16) (-21.10)
AVIX; 54 0.011*** 0.01** 0.01**
(4.32) (4.28) (4.24)
IL_Monetary_Surprise; —-3.35%** —3.45%** —3.42%**
(—4.70) (—4.83) (—4.75)
IL_CPI Surprise; -0.53** —-0.54** -0.54**
(=2.00) (-2.04) (=2.03)
NS_FFR_Surprise; -5.95* -5.80 -5.79
(-1.73) (-1.68) (-1.67)
NS_Policy_Surprise; 1.55 1.35 1.35
(0.90) (0.78) (0.77)
CITI Surprise_Index; —0.00006 -0.00010 -0.00009
(-0.25) (-0.42) (-0.35)
Hansen J-statistic 0.23
Hansen J-statistic p-value 0.97

Notes: The dependent variable is the daily log return (in percent) of the USD/ILS spot rate (Panel A) and the nominal effective
exchange rate (“NEER”; Panel B). Regressors include an intercept, the size of foreign exchange interventions (“FXI;”; in USD
billions), the daily log return of the EUR/USD spot rate (“EUR/USD;_1,”; in percent), the one-week change in the VIX
(“AVIX;_5,"; in percentage points), and five news indicators (variables ending with “Surprise;”). Specification [1] employs
standard OLS, [2] applies the continuously updated GMM estimator (CU-GMM), and [3] reports two-stage least squares (2SLS)
estimates. For details on the CU-GMM instrument set, see Table A.1. The Hansen J-test statistic evaluates the validity of the
over-identifying restrictions in the GMM. The t-statistics (in parentheses) are Newey-West HAC corrected. ***, **, and * denote
significance at the 1%, 5%, and 10% levels, respectively. The sample spans the period from January 1, 2013, to December 31, 2019,
excluding the days of verbal intervention reported in Table B.1.
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C Econometric assessment of the longer-term effect of
foreign exchange interventions

While the literature predominantly finds that FX interventions exert only short-lived
effects on spot exchange rates — see Galati et al. (2005) and the survey in Villamizar-
Villegas and Perez-Reyna (2015) — Menkhoff et al. (2021) document a statistically signif-
icant impact of the BOJ’s USD transactions (including both USD purchases and sales)
on the USD/JPY spot rate for 250 trading day. They trace this longer-term effect to
the high persistence of FXI volumes. Importantly, they emphasize that prior empirical
studies that found only short-lived effects lacked either methodological rigor or used
only coarse and imprecise proxies for the undisclosed FXI data. They also consider
the fact that previous studies treated actual FXI volumes as the true FXI shock — which
potentially leads to attenuation bias — as a possible explanation for the often reported
short-lived effects.

To assess whether the BOI's FXIs aligns with the latter study or the previous stud-
ies, we now examine the longer-term effects of the BOI's FXI regime using fitted FXI
volumes and employing the local projection-instrumental variable (LP-IV) approach
(Ramey and Zubairy, 2018)), an approach that is robust to the shortcomings in many
other previous studies. Specifically, we regress horizon-specific log returns from ¢t — 1
to t + h on the size of USD purchases on day t (FXI;), where h denotes the forecast
horizon. Panel (a) evaluates the USD/ILS spot rate, Panel (b) the nominal effective
exchange rate (NEER), and Panel (c) the three-month cross-currency basis (CCB). For
the spot rate and NEER, & ranges from 0 to 25 trading days; for the CCB, we extend the
horizon up to 100 trading days.

All regressions include the control variables specified in Table A.1, adjusted to re-
flect the relevant forecast horizon. The instrument set corresponds to that used in Ap-
pendix Table A.1. Figure C.1 presents the estimates for the standard LP-IV approach.
As robustness checks, we explore alternative estimation procedures, including bias cor-
rections for the coefficients and standard errors proposed by Hjalmarsson (2011) and
Boudoukh, Israel, and Richardson (2021), and find that our results remain consistent
across specifications.

The point estimates suggest that the strong contemporaneous effect of FXI on the
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Figure C.1: Longer-term effect of a USD 1 billion FX intervention shock

(a) Cumulative returns of the USD/ILS spot rate
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(b) Cumulative returns of the NEER
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foreign value of the ILS is not reversed over the subsequent 25 trading days (Panels

(a) and (b)). Statistically significant results are observed only for the NEER, and only

within the first 17 trading days. Given that the NEER includes several infrequently

traded currencies, this pattern supports the hypothesis that the USD/ILS spot market

is informationally more efficient relative to the broader currency basket.

The findings for the CCB (Panel (c)) are particularly notable: cumulative returns re-
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(c) Cumulative returns of the 3-month USD/ILS cross-currency basis
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Notes: The figure presents the estimated cumulative impact of an unexpected $ 1 billion purchase via foreign exchange
intervention (FXI) on the log returns of the USD/ILS spot rate (Panel (a); in percent) and the NEER (Panel (b); in percent), for
trading days 0,1, ..., 25. Panel (c) depicts the response of the three-month USD/ILS cross-currency basis (in bps) for trading days
0,1,...,100. Day 0 corresponds to the first trading date on which FXIs (i.e., USD purchases) were initiated within each FXI spell.
In Panels (a) and (b), the solid lines show the cumulative response, while the shaded areas display the 90% confidence intervals.
For Panel (c), the solid line displays the cross-currency basis response, and the shaded region indicates the 95% confidence
interval. Estimates are generated using the local projection instrumental variable (LP-IV) methodology (see, e.g., Ramey and
Zubairy (2018)) with HAC standard errors.

main significantly negative for up to 90 trading days following BOI interventions. This
sustained widening of the basis implies that FXI activity by the BOI contributes to per-
sistent deviations from covered interest rate parity, consistent with the predictions of
the models in Amador et al. (2020) and Fanelli and Straub (2021). Notably, Andrew
Abir, Deputy Governor of the BOI, suggested in his 2020 analysis (Abir (2020)) that
the bank’s FX interventions may have exacerbated the deterioration in the CCB; an

observation that aligns with our empirical results.
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D FXIs and the cross-currency basis: accounting for trans-
action costs, market conventions, marginal funding costs,
and risk-free investment rates

As emphasized by Rime et al. (2022), CIP arbitrage opportunities may disappear once
transaction costs — such as bid-ask spreads in spot, forward, or FX markets — and ap-
propriate funding and investment rates are properly accounted for. To assess CIP de-
viations more realistically, we therefore incorporate these factors in our analysis.

To model the arbitrageur’s funding costs, we use commercial paper (CP) rates is-
sued by U.S. banks, which capture marginal short-term funding costs. For the invest-
ment leg, we use the yields of risk-free, short-term Israeli zero-coupon government
securities (Makam yields). Since the Makam data are published with irregular, time-
varying maturities, we interpolate the actual data using a cubic spline.®®

Following common market practice, we assume arbitrageurs implement CIP trades
via FX swaps rather than separate spot and forward transactions (Rime, Schrimpf,
and Syrstad, 2017; Rime et al., 2022). Incorporating bid-ask spreads and a settlement
lag (see Du and Schreger (2022)), we derive the annualized cost-adjusted (denoted by

“modified” in the following) cross-currency basis (CCB) as:

ask bid
F ttm 5
bid
St

100

CCB = RY5(in %) — RI4 (in %) + —=In|1+ < 0. (D.1)

where Rtus’”Sk and R{L’bid are the CP rate and Makam yield (in %; p.a.), W is
the FX swap (in forward points), S is the USD/ILS spot rate, n = % is the effective
three-month settlement lag.

The resulting CCB is shown in Figure D.1. As shown, it is negative on approxi-

mately 97.2% of the trading days, consistent with persistent CIP violations.

*These interpolated estimates closely match those obtained via arbitrage-free Nelson-Siegel curve
fitting (Christensen, Diebold, and Rudebusch, 2009, 2011).



Figure D.1: Cross-currency basis (in %; p.a.), reflecting common market practice, transaction
costs, and marginal funding costs for the arbitrageur

0.2

Cross-Currency Basis (in %)

_12 ! 1 | 1 ! ! !
2013 2014 2015 2016 2017 2018 2019 2020

Date

Notes: The figure shows the cross-currency basis (in percent p.a.) that accounts for the common market practice of using FX
swaps instead of separate spot and forward transactions, transaction costs, marginal funding costs, and risk-free investment
rates. The data span the period from January 1, 2013, to December, 31, 2019.

Table D.1 reports the second-stage estimates from regressing the modified CCB on
the BOI's sterilized FX intervention volumes, while controlling for transaction costs,
marginal funding costs, and risk-free investment rates. The results confirm that the

BOI’s FXIs widen CIP deviations:
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Table D.1: Effect of interventions on the modified cross-currency basis

Dependent variable: A Modified 3M Basis; (in %)

CU-GMM
Intercept 0.37%
(1.65)
FXI; -15.82**
(-1.98)
AEUR/USD;_1; 0.34
(0.86)
AVIX¢_5; -0.11**
(=2.06)
IL_Monetary_Surprise; 26.57
(1.60)
IL_CPI_Surprise; 13.419**
(1.96)
NS_FFR_Surprise; -83.97
(-1.26)
NS_Policy_Surprise; 22.50
(0.50)
CITI Surprise_Index; 0.003
(0.87)
Hansen J-statistic 2.149
Hansen J-statistic p-value 0.542

Notes: The daily change of the modified three-month USD/ILS basis (in percentage points, annualized) is regressed on an
intercept, the size of interventions (“FXI;”; in USD billions), the daily log return of the EUR/USD spot rate (“EUR/USD;_1;”; in
percent), the one-week change in the VIX (“AVIX;_5,”; in percentage points) and the one-week change of the USD LIBOR rate
(“"ALIBOR;_5,"; in percentage points). The continuously updated GMM estimator (CU-GMM) is used. For details about the set
of instruments that are included in the CU-GMM, see Table A.1. To assess whether the data in the CU-GMM is consistent with
the imposed moment conditions, the Hansen J-test statistic of over-identifying restrictions is included. The t-statistics (in
parentheses below the coefficients) are the Newey-West HAC corrected t-statistics. *, **, and *** denote significance at the 10%,
5%, and 1% level, respectively. The sample spans the period from January 1, 2013, to December 31, 2019.

Proof of modified CCB equation. CIP deviations allow for profitable arbitrage op-

portunities when using the US money market for funding, if

n N7 Sbid
<1 _{_R%ls,ask) < (1 +R£L,b1d) t ,
Fask
ttm
14 RUS#sk\ " _ s
) ) Sbid
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Since interest rates are typically quoted in percent, we write this condition:

, 1 gbid |
RSk (i 05y — RIL i1y 95) — 101 |21 < g

no | F

k

RUS,aSk(in o ) _ RIL,bid(~ o, ) + @1 gim +1 < 0
; o ; in % n S?i y .

kK cbid]

US,ask (.- o ILbid (: o 100 Fﬁm — 5

Rt as (m/o)—Rt Z(m /0)+71n 1+T < 0.

Moreover, as explained in Appendix A in Du and Schreger (2022), spot market trans-
actions are typically settled two business days after the trade date. Consequently, we

setn = % for the three-month USD/ILS forward rate.
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E The effectiveness of interventions with the Israeli HKM

The Israeli HKM, which we denote as HKM, is based on the leverage ratios of banks
that are active participants in the USD/ILS market. These include major global banks
that largely coincide with the primary dealers serving as trading counterparties with
the New York Fed in its implementation of monetary policy,”” as well as all major
Israeli banks that engage in USD/ILS transactions. We believe this targeted HKM
measure provides a more appropriate reflection of the financial constraints relevant to
USD/ILS market dynamics.

Specifically, we calculate the HKM measure for each bank active in the USD/ILS
market and then aggregate these individual measures. This process involves retriev-
ing quarterly assets for each bank as well as their daily market equity values, then
calculating the leverage ratio as the ratio of assets to market equity. Figure E.1 presents
a comparison between the original HKM measure and our new market-specific HKM

measure.

Figure E.1: Financial frictions indicators: the original HKM vs. the Israeli HKM
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Notes: The figure shows the financial frictions indicator that is constructed following the approach in He et al. (2017). The blue
line plots the original HKM series computed using capital ratios of the primary dealers, denoted by “HKM”. The red line shows
the HKM series computed using capital ratios of the banks actively trading in the USD/ILS spot market.

See https://www.newyorkfed.org/markets/primarydealers for the complete list.
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As shown in the figure, while the two measures exhibit similar temporal patterns, the
HKM measure captures the specific leverage constraints of institutions most relevant
for our analysis. The correlation between the two measures is 0.9433, indicating a
strong relationship while confirming that the HKM measure is more appropriately
tailored to our specific research context.

The HKM measure is now used to better capture the specific leverage constraints
of institutions most relevant for our study of BOI interventions. As evidenced by the
estimates in Table E.1, our results in the main body of the text (Table 6) are robust to

the sample of banks used to construct this financial frictions proxy.

Table E.1: Determinants of the effectiveness of interventions: Israeli HKM

Dependent variable: Alog(USD/ILS;) (in %)

Controls
Intercept -0.03%
(-1.87)
FXI; 0.83*
(1.74)
AHKM;_5 0.006**
(2.09)
AHKM;_5; x FXI; 0.33***
(2.60)
AEUR/USD;_1 —0.39%*
(=22.05)
AVIX;_54 0.005
(1.62)
IL_Monetary_Surprise; =3.02%**
(—4.57)
IL_CPI Surprise; —-0.59**
(-2.06)
NS_FFR _Surprise; -2.67
(-0.78)
NS_Policy_Surprise; 3.13
(1.28)
CITIL Surprise_Index; -0.00002
(-0.08)
Hansen J-statistic 13.48
Hansen J-statistic p-value 0.14

Notes: The daily log return of the USD/ILS spot rate (in percent) is regressed on an intercept, the size of interventions (“FXI;”; in
USD billions), the one-week change in the Israeli HKM indicator (“AHKM;_5;"), the interaction between FXI; and AHKM;_5,
the daily log return of the EUR/USD spot rate (“EUR/USD;_1;”; in percent), the one-week change in the VIX (“AVIX;_5,”; in
percentage points) and the five news indicators (variable names ending with “Surprise;”), using the continuously updated GMM
estimator (CU-GMM). The set of instruments used in the CU-GMM is detailed in Table A.1. We report the Hansen J-test statistic
of over-identifying restrictions to assess the consistency of the data with the imposed moment conditions. The t-statistics are
Newey-West HAC corrected and reported in parentheses. *, **, and *** denote significance at the 10%, 5%, and 1% level,
respectively. The sample period is January 1, 2013, to December 31, 2019.

XV



	1 Introduction
	2 Main data and methodology
	2.1 A bird's eye view on the BOI's FXI activities
	2.2 Data
	2.2.1 Foreign exchange intervention volumes
	2.2.2 Exchange rates and financial variables
	2.2.3 USD/ILS option price quotes

	2.3 Estimation

	3 Results
	3.1 Effect of interventions on the spot rate, forward rate, and cross-currency basis
	3.1.1 Informal event study
	3.1.2 Instruments and control variables in the GMM
	3.1.3 Regression results

	3.2 Determinants of the effectiveness of FXI
	3.3 Interventions and the higher-order moments of the RND
	3.3.1 Foreign exchange interventions and the information contained in the higher-order moments of the risk-neutral distribution
	3.3.2 Econometric assessment of the longer-term effect of FXI

	3.4 Interventions and tail probabilities
	3.4.1 Relationship between the lagged tail probabilities and interventions
	3.4.2 Econometric assessment of the longer-term effect of FXI


	4 Conclusion
	A Specification analysis of first-stage regression
	B Verbal interventions
	C Econometric assessment of the longer-term effect of foreign exchange interventions
	D FXIs and the cross-currency basis: accounting for transaction costs, market conventions, marginal funding costs, and risk-free investment rates
	E The effectiveness of interventions with the Israeli HKM

