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The Swiss franc’s honeymoon*
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Abstract

To counter the sharp appreciation of the Swiss franc that set in in the wake of the European
sovereign debt crisis, on September 6, 2011, the Swiss National Bank announced to enforce
a minimum EUR/CHF exchange rate of CHF 1.20. We find that the simple, though elegant
model for the exchange rate within a target zone proposed by Krugman (1991) describes the
behavior of the Swiss franc since the inception of this lower bound. Being a prime example
of a safe haven currency, the Swiss franc systematically appreciates when global market
conditions tighten. But as Krugman’s model predicts, the sensitivity of the Swiss franc
exchange rate to state variables that indicate such risky times declines as it approaches its
lower bound. In particular, the Swiss franc is well described as an S-shaped function of
the option prices implied probability for EUR/CHF exchange rate realizations below the
lower bound. This state variable not only indicates times of increased global risk, but also
quantifies appreciation pressure on the Swiss currency at the lower bound. We conclude
that the Swiss franc lower bound helps stabilizing the value of the Swiss currency.
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1 Introduction

During summer 2011, when the European sovereign debt crisis was escalating dramatically
and debt-ceiling negotiations in the Unite States made investors feel uncertain about global
economic prospects, the Swiss franc appreciated rapidly against all major currencies. In August
2011, the Swiss franc noted near parity to the euro which corresponds to a nominal appreciation
of the Swiss currency of more than thirty percent since September 2008 when the bankruptcy
of Lehman Brothers marked the global outbreak of the financial crisis of 2008/2009. After the
Swiss National Bank was not successful in halting the unchecked appreciation of the Swiss
franc by massively expanding the monetary base in August 2011, on September 6, 2011, it an-
nounced to introduce a minimum exchange rate of 1.20 Swiss francs against the euro. On that
day, the Swiss National Bank unequivocally declared to enforce this minimum rate with the
“utmost determination”, and to stand ready to “buy foreign currencies in unlimited quanti-
ties”E] After the Swiss National Bank’s policy rate already was at the lower bound as a result
of the central bank’s response to the global financial crisis of 2008/2009, the enforcement of a
minimum exchange rate was left as an option to combat the restrictive monetary conditions

that the Swiss economy was confronted with in the wake of the European sovereign debt crisis.

A central bank, which is confronted with an overvalued currency, enforcing a one-sided cur-
rency target zone, has hardly ever been seen beforeE] In this paper, we throw light on this quite
unique attempt of the Swiss National Bank to put a ceiling on the value of the Swiss franc by
explicitly announcing a lower bound. To do so, we retrieve the model for the exchange rate
behavior within a target zone developed by Paul Krugman| (1991). But different from Krug-
man, who described the exchange rate as a function of money supply and velocity shocks, we
propose state variables for the exchange rate that come from a risk-based view of currency
prices. This approach is particularly suitable for the Swiss franc since it is the epitome of a safe
haven currency: while paying low returns on average, the Swiss franc systematically appre-

ciates when global markets perform badly. Paul Krugman’s model predicts that the exchange

1SNB press release, September 6, 2011:
http:/ /www.snb.ch/en/mmr /reference/pre_20110906 /source /pre_20110906.en.pdf
%In a certain respect comparable to the case of the Swiss franc, to face appreciation pressure on its currency,
Hong Kong’s currency board moved from pegging the Hong Kong dollar unilaterally to the US dollar (strong-
side commitment only) to a two-sided exchange rate target zone in 2005. This allowed to implement a weak-side
commitment for the value of the HKD against the USD.



rate within a target zone is an S-shaped function of the fundamentals that determine its value:
a credibleE] commitment of the monetary authority to always enforce the target zone mutes the
sensitivity of the exchange rate to its fundamentals as it approaches the margins of its band.
We find that state variables that indicate times of increased global market risk co-move with

the franc/euro exchange rate accordingly.

Describing the Swiss franc as a safe haven currency, we find that global market risk — as mea-
sured for example by the VIX indexﬂ — drives the value of the Swiss currency in particular if
market conditions tighten. But besides global market uncertainty, there are other global and
country-specific factors that influence the Swiss franc/euro exchange rate. For example, the
euro gained in value against the Swiss franc with the launch of the OMT-program in September
2012E] or comparably robust growth prospects for the Swiss economy might have contributed
to regaining strength of the franc against the euro during 2013. A state variable that unites all
global and country-specific fundamentals and market sentiments which determine the Swiss
franc/euro exchange rate is given by the option prices implied density function for the future
value of the Swiss franc. As it is derived from prices that emerge from trade in highly liquid
markets, this state variable should incorporate all information that is relevant for the expected
path of the value of the Swiss franc against the euro. In line with the prediction of Krugman’s
model, we find that the Swiss franc/euro exchange rate is well described as a curved function
of the option prices implied probability that the franc will note below 1.20 to the euro in the

near future.

A further important aspect of this option state variable is that it allows to quantify appreciation
pressure on the Swiss franc at the lower bound. We find that the risk-neutral probability for the
Swiss franc noting below 1.20 to the euro one month in the future is as high as 25% at certain
days during summer 2012. This could indicate that markets doubted the Swiss National Bank’s
willingness to continue the Swiss franc lower bound exchange rate regime at any event during
these tumultuous months. But as Krugman| (1991) explains, the exchange rate remains an S-

shaped function of its fundamental even if markets put some doubt on the continuation of the

3 A target zone is called “credible” if its sustainability is not questioned by markets.

4Volatility S&P 500 (VIX) index provided by the Chicago Board Option Exchange.

50n September 6, 2012, the European Central Bank announced technical details concerning the Outright Mone-
tary Transaction program. Under certain conditions, the OMT-program allows the ECB to buy government issued
bonds on secondary markets. http://www.ecb.europa.eu/press/pr/date /2012 /html/pr120906_1.en.html


http://www.ecb.europa.eu/press/pr/date/2012/html/pr120906_1.en.html

target-zone regime. Also, [Bertola & Svensson|(1993) presented a version of the model in which
the exchange rate is a S-shaped function of a state variable that measures the the probability
with which the market expects a realignment of the exchange rate band of a particular size.
These contributions provide the theoretical background for our finding that the sensitivity of
the Swiss franc/euro exchange rate to the option prices-based state variable we suggest is well
described as a function of the Swiss national bank’s monetary policy stance: the correlation
of the value of the Swiss franc with the implied probability for EUR/CHF<1.20 is weaker the

closer to its lower bound the franc notes.

Krugman’s (1991) model requires that the monetary authorities intervene in foreign exchange
markets only if the exchange rate threatens to surpass the limits of its band. The development
of reserve holdings of the Swiss National Bank suggest that this condition is fulfilled in the
case of the Swiss franc one-sided target zone regime: most probably, the Swiss National Bank
has suspended the correlation between the value of the Swiss franc and market fundamentals
by currency market interventions only when the franc noted at its lower bound. However, we
find that the sensitivity of the Swiss franc to its fundamentals is already muted above this lower
bound where no central bank interventions have taken place. In the light of Krugman’s model,
we conclude that the sole announcement of the Swiss franc lower bound has helped the Swiss

National Bank to stabilize the value of its currency: the Swiss franc is in honeymoon.

The remainder of this paper is organized as follows. Section (2) first presents a version of Krug-
man’s (1991) model for the exchange rate within a target zone and then proceeds to assess the
behavior of the Swiss franc/euro exchange rate within the framework of this model. Section (3)
starts with a brief overview of pricing conventions in over-the-counter currency option markets
and then discusses the behavior of the Swiss franc/euro exchange rate volatility smile during
different currency market intervention regimes implemented by the SNB, and around days on
which the central banks took action. Section (4) proposes the option prices implied probability
for future Swiss franc/euro exchange rate realizations below 1.20 as a state variable for the ex-
change rate, and Section (5) incorporates this variable into the Krugman (1991) model. Section
(6) continues to present an option price interpretation of the value of the Swiss franc directly.

Section (7) concludes.



2 A model for the behavior of the exchange rate within a target zone

Since September 2011, the Swiss National Bank (SNB) prevents the franc from appreciating be-
yond 1.20 Swiss francs to one euro. Since then, the EUR/CHF exchange rate is allowed to float
freely only at levels above this lower bound. The economics of such exchange rate target zones
has intensively been discussed in the context of the European exchange rate mechanism of the
European monetary system, which exhorted its members to keep their exchange rate fluctu-
ating only in a given band around a central parity over the years prior to the introduction of
the euro as the single common currencyﬂ Thereby, Paul Krugman’s (1991) elegant target zone
model became the starting point for much research that followed. Under the assumption that
markets expect monetary authorities to keep their exchange rates within the announced target
zone at any events, and under the assumption that central banks intervene in money markets
only when exchange rates threaten to touch an edge of the band, the model predicts that the
logarithm of the exchange rate should be an S-shaped function of market fundamentals. Also,
economic reasoning requires that the exchange rate is insensitive to the fundamentals at the
edges of the band. However, empirical tests failed to confirm these predictions of the Krugman
(1991) model: firstly, interest rate differentials often suggest that investors are skeptical about
the sustainability of the bands, and secondly, exchange rates hardly cluster near the edges of the
band, where the model predicts they should, but are rather found to float more or less tightly
around the central parities — most probably so because central banks are reluctant to intervene
only if an exchange threatens to surpass its bandﬂ But the elegance of Krugman’s model for
the behavior of the exchange rate within target zones motivates us to assess the EUR/CHF ex-
change rate in the light of this model anew. Different from most exchange rate target zones that
have ever existed, the SNB installed only a one-sided target zone for the Swiss franc. Thereby,
the SNB aims at preventing its currency from appreciating without bounds. Historical evidence
on the contrary suggests that exchange rate target zones mostly got into disturbing situations

because central banks, running out of reserves, became unable to fight depreciation pressure

®The European exchange rate mechanism (ERM) was introduced in March 1979 to achieve monetary stability
in Europe in preparation for the introduction of a single currency, the euro, in 1999. Within this system, exchange
rates were based on central rates against the European currency unit ecu, which was the European unit of account
and consisted of a weighted average of the participating currencies. Currency fluctuations within this multilateral
exchange rate grid had to be contained within a margin of 42.25 percent on either side of bilateral rates, which the
exception of the Italian lira that was allowed a margin of £6 percent, and in August 1993, fluctuation margins were
widened to £15 percent (except for the mark-Dutch guilder exchange rate).

7See for example [Flood et al. | (1991) or the evidence cited by|Garber & Svensson|(1995).



on their currencies and eventually devalued below the limiting target rateﬂ Stability of the
Swiss franc exchange rate target zone in contrast rests upon the willingness of the SNB to accu-
mulate foreign exchange reserves in unlimited quantities when markets put upward pressure
on the Swiss franc, and to stand firm against political pressure to rise or lower the exchange
rate bound. While domestic policy conflicts can urge the central bank to abandon or realign
the Swiss franc lower bound in the medium run, short-run speculative attacks on the Swiss
franc exchange rate regime are impossible. The fact that the Swiss case is unique in this respect

motivates us to retrieve Paul Krugman’s (1991) target zone model.

2.1 Krugman’s (1991) model
2.1.1 Model

Krugman, (1991) considers a log-linear model of the exchange rate. Expressing all variables in

natural logarithms, the exchange rate s equals

E:(ds
St = mt-l-i/t—l-’yt(dtt) (1)

where s is the spot price of foreign exchange and E;(-) denotes expectation conditional on
information available at time f. Further, there are two fundamentals in , the domestic money
supply m and a shift term v. Monetary policy is passive; in the case of the Swiss franc, the
central bank is prepared to increase m to prevent s from falling below the announced minimum
level s, but as long as s lies above s, money supply remains unchanged. The only exogenous
source of exchange rate dynamics is the shift term v. In Krugman'’s exposition of the model,
v represents a velocity shock, but other interpretations of v allow for alternative models for
the exchange rate. As we describe the Swiss franc as a safe haven currency, which means
that it appreciates systematically when global asset markets are in turmoil, we will consider

variables that indicate global market conditions and sentiments as state variables for the Swiss

8Following the German unification which required a tightening of monetary policy in Germany, the European
exchange rate mechanism came into crisis: in September 1992, the lira was devalued and the UK saw itself unable
to halt depreciation pressure on the pound sterling and suspended its participation in the ERM. Until mid-1993,
several currencies within the ERM were devalued. Eventually, after the Banque de France attempted to cut interest
rates to sub-German levels, ERM fluctuation margins were widened from £2.25 percent to 15 percent in August
1993. Other prominent examples for dramatical devaluations of currencies within more or less fixed exchange rate
systems include the 1994 economic crisis in Mexico, the 1997 Asian financial crisis, the Russian ruble crisis in 1998,
or the Argentine economic crisis 1998-2002.



franc/euro exchange rate. In particular, we set v = —x, where a high x indicates increased

market risk. This leads to the following equation for the exchange rate

Et(dSt>
at

(2)

Sy = mt—Kt+'Y

Higher market risk x now implies a lower s which corresponds to a more appreciated Swiss
franc against the euro in our case. To solve the model, the market risk variable « is assumed to

follow a continuous-time random walk
th = }ldt + (wat

where y is a constant predictable change in x, dW is a standard Wiener process, and ¢ is a
constant. This assumption implies that if markets expect no changes in m, that is, if there are
no specific monetary policy rules in place, there will be no predictable changes in s. Using It6’s
lemma and equation (2), depreciation during such a free float can be written as

1 1
aEt(dst) = s'(mt—Kt)}l+S”(mt—Kt)E‘TZ-

This leads to the following functional equation for the exchange rate:

—_

s(my, k) = (my—xp) +ys' (me — )y + ys” (my — Kt)EUZ. (3)
The general solution to (3) is
s(m, k) = (mp—x¢) +ypu + Aexp(Ai(my —x;)) + Bexp(Az(my — k) 4)

where A} > 0and A, < OEI A and B are constants of integration. If the exchange rate is allowed
to float freely, s would simply equal the fundamental (m — x) and thus follow a random walk

process, and we may set A = B = 0.

However, if the central bank announces to impose a lower limit s on the price of foreign ex-

change, the constants A and B are determined by the requirement that the exchange rate is

A1 and A, are the roots of the quadric equation in A, A?y02/2 + Ayy —1 = 0, and are given by

— 24202 1y — 24202
)\1:“*7 W>O,and)\2:”7 W<O'



insensitive to its fundamentals at the lower bound. This is required to preclude arbitrage op-
portunities as the exchange rate can move in one direction only once it notes at s. Hence, while
s'(m —x) > 0 for s > s, the boundary condition s’(m — k) = 0 implies B > O With A equal
zero and B being positive, equation (4) describes the exchange rate as a non-linear function of
x, whereby it is more sensitive to changes in x the further away from the lower bound s it notes.
At the lower bound, the expected change of s is positive, and because expected depreciation
enters the basic exchange rate equation, this affects the exchange rate itself. The relationship

between x and s must be bent as s approaches its lower bound.

2.1.2 Essential conditions

Three conditions are essential to the Krugman (1991) model: First, variables that affect demand
and supply of foreign exchange follow a random walk. Second, interventions to influence the
exchange rate occur only at the bands. Third, market participants expect that the monetary
authority will impose the exchange rate bands with very high probability. We will consider the
first condition later. As concerns the second condition, Figure (1) shows the foreign exchange
reserves of the Swiss National Bank together with the Swiss franc to euro exchange rate. In
accordance with the model assumption, this figure suggests that currency market interventions
predominantly have taken place when the Swiss franc noted very close to its lower bound.
This contrasts with the experience from other exchange rate target zones where intra marginal
interventions have taken place frequently thus rejecting the basic version of the Krugman (1991)
modelE-I While this condition - only marginal intervention - is fulfilled for the Swiss franc
exchange rate target zone, the third condition, which is the assumption that markets expect
that monetary authorities will prevent the exchange rate from moving outside the target zone

at any event, is more critical.

Svensson! (1990) proposed a “simple test of target zone credibility”. He noted that if markets

believe that monetary authorities will always prevent the exchange rate from moving out of

194 and B are determined by the requirement that the exchange rate function be tangent to its upper and lower
bound: In the case of a one-sided target zone, there is no upper bound on the fundamental (m — ), i.e., (m —x) —
co. This implies A — 0. B then is determined by s'(m —«) = 0,1ie. 0 = 1+ A;Bexp(Ax(m —x)). With A, < 0,
this implies B > 0. Further, to preclude arbitrage opportunities, the exchange rate must spend no time on its
lower bound. But as concerns the assumption that central bank interventions are infinitesimal at the bounds, Flood
and Garber (1991) extend the model to allow for intra marginal discrete intervention policies; the behavior of the
exchange rate within such a modified model remains almost unchanged.

11gee the evidence cited in|Garber & Svensson! (1995), p-1878



the target zone, that is, if markets perceive the exchange rate regime as completely credible,
forward exchange rates must never lie outside the band. For the Swiss franc to euro exchange
rate, this condition holds true for one month forward exchange rates, which suggests to con-
clude that at the one-month horizon, investors never expected the Swiss franc to appreciate
beyond CHF 1.20 — forward exchange rates suggest that at the one month horizon, the Swiss
franc exchange rate regime has always been credible. However, forward rates at longer matu-
rities noted well below this lower bound on several occasions. Between Mai and August 2012,
three month forward rates lie below CHF 1.20 on 55 out of 67 trading days. Figure (5) shows
that forward rates at longer horizons noted even more distinctly below the lower bound of
the Swiss franc that the Swiss National Bank announced to enforce with the “utmost determi-
nation”. During 2012, annual forward rates suggest that markets expected the Swiss franc to
appreciate against the euro beyond CHF 1.20 within one year on two thirds of all trading days.
However, since Svensson’s (1990) simple test of target zone credibility fails to reject credibility
of the Swiss franc exchange rate regime at short horizons, we proceed to asses the implications
of Krugman’s (1990) target zone model for the behavior of the Swiss franc to euro exchange

rate.

2.1.3 Honeymoon effect

The simplest version of Krugman’s (1991) model outlined so far predicts that within a target
zone, the exchange rate is a smoother function of foreign exchange market fundamentals than
it would be under a free float. Even though market interventions by the central bank cease
once the exchange rate moves above its lower bound, market participants” expectation that the
central bank will prevent the Swiss franc from appreciating beyond CHF 1.20 has a stabilizing
effect everywhere on the exchange rate: equation (#) with A = 0 and B > 0 suggests that the
relationship between the fundamental and the exchange rate is flatter than it would be under
a free float. Thereby, for values of the spot rate “not too far” above 1.20, the exchange rate
should be less sensitive to market fundamentals the closer to its lower bound it just notes. We

will consider this implication next.



2.2 Market fundamentals: the Swiss franc as a safe haven currency

The Swiss franc is commonly perceived as a safe haven currency: when worldwide markets
are in turmoil, the Swiss franc tends to appreciate and thus provides investors with a hedge
against losses on other assets that decrease in value during such times. Hence, variables that
indicate such risky times should have strong explanatory power for the Swiss franc. Challeng-
ing the conclusion put forward by Meese & Rogoff (1983) whereby exchange rates basically
are unpredictable, a growing literature argues in favor of such a risk-based explanation of cur-
rency returns For the Swiss franc, Hoffmann & Suter|(2010) and [Verdelhan| (2011) find that a
slope factor constructed from the cross-section of currency portfolio returns predicts changes in
the Swiss franc exchange rate conditional on bilateral interest rate differentials, and Griesse &
Nitschka|(2013) show that the Swiss franc tends to appreciate against the euro when global risk
as measured by changes in the CBOE option implied volatility index VIX spikes, whereby this
relationship is likely to be more pronounced during times of high market uncertainty. Using
data at daily and higher frequency, |Ranaldo & Soderlind, (2010) find that the Swiss franc ap-
preciates systematically against the euro when equity markets fall, when bond prices increase/
bond returns fall, and when foreign exchange volatility spikes, which all signals difficult mar-
ket conditions. Kugler & Weder di Mauro|(2005) eventually find that the Swiss franc pays high

returns if unexpected events that increase world-wide political uncertainty happen.

This evidence that the Swiss franc tends to appreciate when global market conditions tighten
motivates us to use variables that measure such risk as the fundamental variables « in the
exchange rate equation (2). In particular, we follow Ranaldo & Soderlind| (2010) who showed
that stock market and bond market returns predict daily movements in the Swiss franc/euro
exchange rate. We use the EURO STOXX 50 index (ESTX50), which is the most important
Blue-chip index for the Eurozone, to measure conditions on the stock market, and Barclay’s

euro aggregate government bond index (BOND) for the fixed income market. In addition,

12Lustig & Verdelhan| (2007), Burnside| (2011) and [Lustig & Verdelhan| (2011) discuss the association of currency
returns with consumption growth. [Menkhoff et al. | (2013) show that currency returns are predictable conditioning
on several standard macro fundamentals such as interest rate differentials, real GDP growth, real money growth,
and real exchange rates, Hotfmann & Suter|(2013) show that the cross-section of consumption growth rates predicts
currency portfolio returns, and Jorda & Taylor| (2009) find that a fundamental equilibrium exchange rate explains
carry trade returns. Burnside et al. |(2011b), Burnside ef al. | (2009) Burnside et al. |(2011a), and [Burnside et al. | (2011c)
focus on explanations of the carry trade such as investor overconfidence and peso problems. |Lustig ef al. | (2011)
show that currency portfolios that covary more heavily with global carry trade returns earn higher excess returns
on average, thus compensating investors for large losses during times of global market turmoil. Menkhoff et al.
(2012) find that innovations in exchange rate volatility have explanatory power for currency portfolio returns.

10



we consider three variables that capture market uncertainty more directly: the SPX VIX index
which is an index of the implied volatility of 30-day options on the S&P 500 calculated from a
wide range of calls and puts, JP Morgan’s FX VXY option implied volatility index for the G7
currencies (VXY), and the Credit Suisse First Boston Risk-Appetite Index (CSFB), which is a
very broad measure of market sentiments capturing both, equities and fixed income markets
in developed and emerging markets. The summary statistics presented in table (1) suggest
that except for the VIX index, all these variables have a unit root which satisfies the model

assumption that the exchange rate fundamentals follow a random walk.

2.3 Non-linear relationship between market fundamentals and the Swiss franc/euro

exchange rate
2.3.1 Swiss franc lower bound regime

To test whether the sensitivity of the Swiss franc/euro exchange rate with respect to the market
fundamentals declines as the Swiss franc approaches its lower bound, we regress percentage
changes in the EUR/CHEF spot rate S on percentage changes in the market fundamentals K
described above, interacted with the percentage deviation of the spot rate from its lower bound.

In particular, we run the following regression

Asy = a+ Bisaroor X (K¢ | k¢ > 0) 4+ Basar0 X (k¢ | k¢ < 0) + Bak + Pasar20 + € (5)

where As; = In(S¢/S;-1) and «; = In(K;/K;_1). The distance of the spot exchange rate from
its lower bound at time t is measured as sa120; = In(S;/S) = In(S;/1.20). The regression
equation (5) estimates separate slope coefficients p = {B1, B2} for upward movements and
downward movements of the fundamental. This specification is motivated by |Lettau et al.

(2013) who show that currency returns covary more strongly with aggregate market returns
conditional on bad market returns than they do conditional on good market returns. In line
with this conclusion, we find that the Swiss franc appreciates more significantly when global
markets become turbulent than it depreciates when markets run well. This suggests that the

Swiss franc not only acts as a safe haven currency on average, but particularly so in difficult

11



market conditions: investors long in Swiss francs and short in euro will earn positive returns

in particular when market risk spikes.

Tables (2) and (3) present the results from estimating equation (5) for the time since the in-
troduction of the Swiss franc lower bound by the Swiss National Bank in September 2011.
Estimates for B; and B, that are significantly different from zero suggest that, in accordance
with the prediction of Krugman’s (1990) model for the exchange rate, the Swiss franc/euro
exchange rate is more sensitive to changes in fundamentals the further away from its lower
bound it notes. This is what we find if we use the European blue-chip stock market index
ESTX50 or the VIX index as foreign exchange market fundamentals «: the more depreciated
the Swiss franc against the euro is, the more it appreciates when stock markets plummet or
when stock market volatility increases Although not statistically different from zero, we find
that the Swiss franc has a strong tendency to appreciate as government bond prices decline,
which, in the context of the European sovereign debt crisis, supports the interpretation of the
Swiss franc as a safe haven currency. The currency market volatility index VXY and the risk
appetite index CSFB have no explanatory power for the Swiss franc/euro exchange rate over
the period from September 2011 to January 2014. To summarize, we find that the equity market
variables have a stronger effect on the Swiss franc/euro exchange rate, the farther away from
its lower bound of EUR/CHF=1.20 the Swiss franc notes. The scatter plot shown in figure
supports this finding: in particular since January 2012, the value of the Swiss franc against the
euro appears to be a S-shaped function of the ESTX50 index as sketched in figure (2). Thereby,
values for the spot exchange rate cluster near the lower bound value of the Swiss franc which
is what the Krugman (1991) model predicts: since exchange rates are expected to move slowly
near the edge of the target zone, they will appear there often (see for example Garber & Svens-

son| (1995), p.1877).

Further evidence that the sensitivity of the Swiss franc/euro exchange rate increases in the
distance of the spot rate from its lower bound is provided by figure (). Applying the method-
ology proposed by Elliott & Mueller| (2006) and Mueller & Petalas| (2010), this figure plots a

1BThe positive exposure of currency returns to equity market risks is also documented by Jurek| (2014) who finds
that different carry trade strategies load positively on equity market factors, and in particular so on the return of a
S&P 500 index put-writing strategy which is explicitly short equity volatility risk. |Caballero & Doyle| (2012) report
that carry trade returns are highly correlated with the returns of a strategy which shorts VIX futures. Further, Lustig
et al. | (2011) report that high (low) interest rate currencies tend to offer low (high) returns when equity volatility
increases.
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time-varying estimate for the B coefficient obtained from regressing percentage changes of the

spot rate on percentage changes in the ESTX50 index

ASt = Dé—|—,8t1(t—|—€t. (6)

Not only does the quasi-local-level test (qQLL test) prosed by [Elliott & Mueller| (2006) indicate
strong parameter instability for B;, but the estimate for B; also increases substantially with
the weakening of the Swiss franc against the euro: the further away the Swiss franc notes
from its lower bound, the stronger the Swiss franc covaries with equity market returns. To
conclude, these results suggest that indeed, announcing an explicit exchange rate target has
helped the Swiss National Bank to mute the effect of negative shocks to market fundamentals
on the Swiss currency when the Swiss franc already is relatively strong. The behavior of the
Swiss franc/euro exchange rate since the introduction of the lower bound of the Swiss franc is

relatively well explained by Krugman'’s (1990) simple model for the exchange rate.

2.3.2 Other Swiss franc policy regimes

Since the outbreak of the global financial crisis in 2008, the Swiss National Bank’s reaction to
the massive appreciation of the franc against all major currencies can be described by three pe-
riods of different foreign exchange market intervention regimes: between April 2009 and May
2010, the SNB heavily intervened in the foreign exchange market to prevent the Swiss franc
from appreciating a lot, in May 2010, the SNB stopped these interventions, but in September
2011 it decided to intervene in the foreign exchange market anew and announced to defend
the Swiss franc euro exchange rate at CHF 1.20 per 1 EUR. Hence, the behavior of the Swiss
franc during this last one-sided target zone period can be contrasted with its behavior over the
period between May 2010 and September 2011 when the Swiss franc was freely floating, and
with its behavior between April 2009 and May 2010 when the SNB was intervening in the for-
eign exchange market without announcing a lower bound on the Swiss franc price of foreign
currencies. To do so, we run a version of regression (5) again for the three different SNB foreign

exchange policy periods whereby we interact the market fundamental variables with the log
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level of the Swiss franc/euro spot exchange rate

As; = a—+ Bike x In(S) + Box + B31In(S) + €;

Tables () and (5) present the results. It is only during the period of the exchange rate target
zone regime that a non linear relationship between the stock market variables and the value
of the Swiss franc is significant: in contrast to the time prior to the announcement of the Swiss
franc lower bound, a declining EURO STOXX 50 index or an increasing VIX index now predict
an appreciation of the Swiss franc that is increasing in the log level of the spot rate. For the
other time periods, such a conditional relationship is not found. Strikingly, it is only during the
target zone period that the uninteracted log level of the exchange rate predicts changes in the
spot rate: during that period, a higher level of the spot rate predicts a subsequent appreciation

of the Swiss franc, which signals reversion of the Swiss franc towards its lower bound.

During June 2010 to August 2011, when the Swiss franc was freely floating, a declining stock
market index, an increasing bond price index, and a declining risk appetite index all go along
with an appreciation of the Swiss franc against the euro, but unconditional on the level of the
exchange rate. This again supports the view that the value of the Swiss franc increases when
financial markets stumble, but there is no evidence for a non-linear relationship between these
market fundamentals and the value of the Swiss currency for the time in which the Swiss Na-
tional Bank refrained from intervening in foreign exchange markets. The relationship of cur-
rency market volatility and the Swiss franc/euro exchange rate is ambiguous. Finally, over the
period from April 2009 to May 2010, which is when the Swiss National Bank attempted to halt
the appreciation of the Swiss franc by massively intervening in currency markets, all market
fundamentals have no explanatory power for the EUR/CHF exchange rate; except the bond
price index for which the effect is ambiguous. To conclude, the strong non-linear relationship
between the stock market and the value of the Swiss franc against the euro is unique to the
period since the introduction of the Swiss franc lower bound in September 2011, and variables
that explain the behavior of the Swiss franc if it is floating freely lose explanatory power once

monetary authorities intervene in the markets.
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2.4 Safe haven demand at the Swiss franc lower bound

Within the framework of Paul Krugman’s (1991) model for the exchange rate, we have de-
scribed the Swiss franc as a safe haven currency and argued that the sole announcement of the
Swiss National Bank to always defend the Swiss franc lower bound has created a “target zone
honeymoon”(Krugman| 1987): without the need for actual market intervention, the traders’
expectation that the value of the Swiss franc will never surpass its ceiling value mutes the sen-
sitivity of the Swiss franc to global market risk. Hence, we argue that the price of the Swiss
franc is driven by global risk, whereby the sensitivity of the franc to this risk is determined by
the market on the one hand — the Swiss franc tends to appreciate in tumultuous times — and
by the Swiss National Bank’s commitment to defend a minimum price of 1.20 Swiss francs per
one euro on the other hand. Thereby, this latter mechanism gains the upper hand if the Swiss
franc approaches the lower bound. We have provided evidence that such a target zone hon-
eymoon is in effect for the Swiss franc since the Swiss National Bank announced to defend a

lower bound of the franc price of one euro in September 2011.

Between January and August 2012 however, the Swiss franc virtually noted at its lower bound.
During that time, increasing reserve holdings of the Swiss National Bank indicate that for-
eign exchange market interventions were needed to defend the Swiss franc target zone. Also,
EUR/CHEF forward exchange rates at three months and longer maturities frequently noted be-
low 1.20. This raises the question of how firm markets perceived the SNB’s commitment to
defend the Swiss franc lower bound to be, which further entails the question of how impor-
tantly the SNB’s policy stance has determined the value of the Swiss franc relative to global
market forces. A state variable that combines both of these driving forces would be given by
a measure for appreciation pressure on the Swiss franc against the euro: by the Swiss franc
being a safe haven, increasing appreciation pressure mirrors increasing global risk, but by the
presence of the Swiss franc lower bound regime, appreciation expectations should decline as
the franc approaches its lower bound. Thus, the extent to which safe haven demand at the
lower bound nevertheless triggers appreciation pressure quantifies the market’s perceived un-

certainty about the continuation of the Swiss franc lower bound regimeE]

14Note that even if markets put positive probability on the possibility that the monetary authority could give up
defending the exchange rate target zone once the exchange rate threatens to surpass its bound, Krugman'’s (1991)
model still implies that the exchange rate is a S-shaped function of its fundamentals (see Krugman), 1991} section V).
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A powerful indicator for appreciation pressure on the Swiss franc against the euro is given by
the density function for the future value of the Swiss franc that currency option prices imply.
This state variable should incorporate all information that is relevant for the expected path and
uncertainty of the future value of the Swiss franc, since it is derived from prices that are set
in highly liquid markets. Svensson| (1990) proposed a simpler approach to assess how stable
markets expect an exchange rate target zone to be and focused on interest rate differentials and
forward exchange rates directly: if a monetary authority’s commitment to defend a fluctua-
tion band for the exchange rate is completely credible, forward rates must never lie outside the
band such that no arbitrage opportunities arise. However, starting with |Fama| (1984), a broad
literature documents how poorly forward rates predict spot rates, and markets are aware of
this stylized fact. The advantage of using option prices, that is, the prices of derivatives on
forward exchange rates, is that they allow to derive higher moments of the expected exchange
rate distribution in addition. The skewness and kurtosis of the implied exchange rate distribu-
tion might be highly informative to gauge market sentiment. For example, if a call option, that
gives its holder the right to buy foreign currency for a predetermined price at a specific date in
the future, trades at a higher price than the corresponding put option, this signals that markets
are eager to insure against the risk of an appreciation of the foreign currency. Such insight mo-
tivated for example Campa & Chang) (1996), (1998) or Malz|(1996) to use currency option prices
to assess the credibility of exchange rate target zone regimes. We follow in these tracks and
analyze the prices of EUR/CHF options to further assess the determinants of the Swiss franc
exchange rate since the announcement of its lower bound in September 2011. The next section
starts with a brief description of currency option price quotes in over-the-counter markets. The
paper then proceeds to describe the behavior of the option prices implied density function for
the Swiss franc to euro exchange rate around specific events. In section , we argue that the
option prices implied probability that the Swiss franc will note below 1.20 to the euro qualifies
as a powerful state variable for the exchange rate within the framework of Krugman’s (1991)
target zone model. In addition to this, section (6) explains how the target zone model allows

for an option price interpretation of the Swiss franc directly. The last section will conclude.

Hence, considering that markets could have been uncertain about the continuation of the Swiss franc lower bound
regime at some events is in accordance with the results presented in the first part of this paper.
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3 EUR/CHF option prices

3.1 Option prices in over-the-counter currency markets

This section first shows how option prices are quoted in over-the-counter (OTC) currency mar-
kets. Then, the section proceeds to introduce three option portfolios that are frequently traded
in these markets: at-the-money straddles, risk reversals, and strangles summarize the position

and the shape of the density function that option prices imply for the future exchange rate.

3.1.1 Pricing conventions

For our analysis, we download daily currency option price quotes from Blomberg for the Swiss
franc/euro exchange rate. Over-the-counter markets in which most currency option dealing
takes place use conventions based on the Black-Scholes model to express the terms and prices

of currency optionsE] The Black-Scholes formula for the value of a European currency call

options if'‘]
C(F,T) = (EN(di)—KN(dy))e '™ )
and the value of a put is
P(F,7) = (F[N(d1) =1] = K[N(d2) —=1]) e ®)

where T is the time remaining until maturity expressed in years, F denotes the forward price
of the deliverable currency, K is the strike price of the option, r is the domestic risk-free rate of

interest, and N(-) denotes the cumulative normal distribution, and

In(F/K) +o?1/2
oVT
In(F/K) — o?1/2
oVT

15The original exposition of the Black-Scholes model is Black & Scholes (1973). A very similar model was devel-
oped independently by |[Merton| (1976). The application of the model to foreign currency options is also called the
Garman-Kohlhagen model, after its publication by (Garman & Kohlhagen|(1983). (see Malz|(1996), footnote 11.)
16Gee |Garman & Kohlhagen|(1983), or, for a textbook version, Hull (2012), chapter 14.

dp =

d =
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In currency markets, the only unobserved variable in equations (7) and (8) is the volatility of
the price of the foreign currency o. Alternatively, replacing the left-hand side of equations (7)
and (8) with an observed option price allows to extract volatility as an implicit function of C; or
P;, and F, 7, and K. In this context, ¢ is called the option implied volatility. The Black-Scholes
values increase monotonically in ¢, so the implied volatility is a unique inverse function of

C¢(F,t) or P(F, 7).

In over-the-counter currency markets, option quotes are made on implied volatilities rather
than option prices denominated in currency units. Also, options are not specified by strike
prices K, but by the option delta A which measures the degree to which options are in- or out-
of-the-money. The delta of a put and a call is given by the derivative of the Black-Scholes option
values with respect to the forward rate
oC(F, 1)

oF
= BfrTN(dO )
oP(F, 1)

oF
—e "N (~dy) (10)

Ac =

Ap =

Hence, the delta of an option measures the sensitivity of the option price to the forward ex-
change rate and it takes on values between 0% and 100%. The delta of an at-the-money forward
option, that is, the delta of an option of which the exercise price is set equal to the forward ex-
change rate of the same maturity as the option, is approximately 50 percent. Frequently traded
are further options with a delta of 25, whereby a 25-delta call (put) corresponds to an option

with a strike above (below) the strike of an at-the-money option.

3.1.2 Volatility smile

The Black-Scholes model would imply that all options on the same currency have the same
implied volatility, regardless of time to maturity and moneyness. However, it turns out that ¢
differs across deltas and maturities for options on a given foreign currency. When regarding
implied volatilities for a specific maturity only, one typically finds that the implied volatility is

higher for options with a delta further away from 50 percent, that is, for options that are more
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deeply in-the-money or out-of-the-money. This pattern is referred to as the “volatility smile”,

an example is shown in Figure (7).

Three instruments that are actively traded in over-the-counter currency option markets, delta-
neutral straddles, risk reversals, and strangles or butterfly spreads, summarize the position and
shape of the volatility smile. Straddles and strangles both consist of buying or selling an
equal number of call and put options on the same currency with the same time to maturity.
A delta-neutral straddle consists of a portfolio in which both, the put and the call option are
at-the-money. The price of this portfolio gives the at-the-money (atm) implied volatility, and it
indicates the overall level of the volatility smile. A strangle is a portfolio of an out-of-the-money
put and an out-of-the-money call with the same delta; most frequently, strangles with a delta of
25 percent are traded. Strangle prices are quoted as the spread of the average implied volatility

at which the options are bought or sold over the at-the-money implied volatility:

str25 = o(C25) —ZHT(PZS) b

The strangle implied volatility indicates the degree of curvature of the volatility smile; hence,
a strangle is a bet on a large move of the underlying currency either upwards or downwards.
Eventually, the risk reversal also consists of an out-of-the-money put and call, but in contrast to
the strangle, the dealer exchanges one of the options for the other with the counterpart. Because
the put and the call generally have different implied volatilities, the dealer pays or receives
a premium for exchanging the options. The premium is expressed as the implied volatility
spread at which a 25-delta call is exchanged for a 25-delta put and indicates the skewness of

the volatility smile

125 = o(C25) — o(P25)

If a 25-delta call trades at a higher price than a 25-delta put such that the risk reversal is positive,

this indicates that the market favors the foreign currency.

For our analysis, we download implied volatility quotes from Blomberg for Swiss franc options
on the euro in the form of at-the-money implied volatilities, 10- and 25-delta risk reversals and

10- and 25-delta strangles. Given these quotes, we obtain the implied volatility of 25-delta
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put and call options as ¢(C25) = atm + str25 + 1rr25 and o(P25) = atm + str25 — 3rr25,
and accordingly for 10-delta put and call options. Considering put-call parity Blomberg
hence provides us with implied volatility quotes for five levels of moneyness, namely for

A = {10,25,50,75,90}.

3.2 Swiss franc/euro exchange rate volatility smile

The option price quotes that are readily available in over-the-counter markets, the at-the-money
implied volatility (atm), the risk-reversal (rr) and the strangle (str), summarize the distribu-
tion of option prices across option deltas or, accordingly, strike prices. Since currency option
contracts might be used to insure against — or to bet on — particular future spot price realiza-
tions, the option price distribution is indicative for the market’s expected future distribution of
spot exchange rates. The at-the-money implied volatility indicates the overall level of option
prices thus informing about traders” eagerness to profit from currency fluctuations. Out-of-the-
money strangles provide large gains if the spot price at the expiration date notes far away from
the strike price specified in the option contract, hence, high strangle prices signal that traders
potentially expect currency prices to move far either upwards or downwards. A negative risk
reversal implied volatility realizes if put options, that are out-of-the-money because they have
a strike price below the current spot price of the foreign currency, trade at higher prices than
call options with the same degree of moneyness. This signals that traders are keen to insure

against appreciation of the home currency.

Figure (6) shows time series of the Swiss franc/ euro spot exchange rate, the at-the-money im-
plied volatility, the 25-delta risk reversal, and the 25-delta strangle implied volatility. Vertical
lines indicate the dates around which the Swiss National Bank changed its foreign exchange
market intervention policy regime. Between April 2009 and May 2010, the SNB heavily inter-
vened in the foreign exchange market to halt the appreciation of the Swiss franc against all
major currencies in the wake of the outbreak of the global financial crisis in 2007/2008. In May
2010, the SNB stopped these interventions, but resumed intervening in summer 2011, and even-
tually announced the Swiss franc lower bound in September 2011. The at-the-money implied

volatility was highest during the period between May 2010 and summer 2011, in which the

17Put-call parity implies that puts and calls with the same exercise price have identical implied volatilities, so the
volatility of an x-delta put equals that of an (1 — x)-delta call.
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Swiss franc was freely floating against the euro, and decreased sharply with the announcement
of the Swiss franc lower bound. This suggests that markets anticipated that the volatility of
the Swiss franc/euro exchange rate was to decline with the SNB acting against an appreciation
of the Swiss franc beyond CHF 1.20 to the euro. In contrast, the strangle implied volatility in-
creased distinctly with the announcement of the Swiss franc lower bound and remained at high
levels until the end of July 2012 when Mario Draghi, president of the European Central Bank,
unambiguously stated that the ECB will be “...ready to do whatever it takes to preserve the
euro” This suggests that over the first year of the one-sided Swiss franc target zone regime,
markets nevertheless put increased probability on large movements of the Swiss franc/euro ex-
change rate in either direction. The risk reversal however increased from negative to positive
values when the SNB announced the Swiss franc lower bound. This indicates that markets no
longer expected the Swiss franc to appreciate against the euro, but to depreciate. Appreciation
pressure on the Swiss franc set in during summer 2012 anew, when the European sovereign
debt crisis was escalating dramatically, but declined again after President Draghi’s “whatever-
it-takes” statement in July 2012 and the launch of the Outright Monetary Transaction (OMT)
progranﬁ at the beginning of September 2012. Table @ presents summary statistics for these
currency option price quotes for the three different SNB foreign exchange policy periods, and
tigure (/) shows average volatility smiles for these three regimes. While the volatility smile
for the period in which the Swiss franc was freely floating against the euro indicates strong
appreciation pressure on the Swiss currency, on average, the volatility smile over the Swiss
franc lower bound exchange rate regime period is less asymmetric and signals depreciation

expectations of the Swiss franc against the euro.

3.3 Interpolating the risk neutral distribution

Over the first year of the Swiss franc lower bound regime, 25-delta EUR/CHEF strangle prices
were distinctly higher than before the inception of the Swiss franc lower bound, and in summer
2012, 25-delta risk reversal prices were as low as during the period before the inception of the
Swiss franc lower bound when the franc was on an appreciating trend against the euro. These

option prices indicate that during the most tumultuous months of the European sovereign debt

18Follow for example this link: http:/ /www.youtube.com /watch?v=Pq1V0aPEO3c
Phttp://www.ecb.europa.eu/press/pr/date/2012/html/pr120906_1.en.html

21


http://www.ecb.europa.eu/press/pr/date/2012/html/pr120906_1.en.html

crisis, the commitment of the Swiss National Bank to stabilize the Swiss franc at values above
1.20 to the euro was not sufficient to dispel the markets fear of sharp movements in EUR/CHF.
To question how strongly market’s doubted the stability of the Swiss franc lower bound, we
proceed to interpolate the risk-neutral EUR/CHF density function from the option price quotes
that are readily available in over-the-counter markets. To a certain extent, this function will
allow to quantify appreciation and depreciation expectations of the franc of any given size. For
example, it provides a measure of the probability that the Swiss franc will note below its lower

bound of CHF 1.20 to the euro one month in the future.

Note that the distribution that option prices imply for future exchange rates is a risk-neutral
distribution: if for example traders fear much that the Swiss franc could appreciate, calls with
high exercise prices might trade at higher prices than if they represented a fair bet on CHF
appreciation. In that case, the risk-neutral probability of a CHF appreciation is higher than
the probability that the market effectively assigns to it. Nevertheless, changes in the implied
density function can inform about the market’s altering view of future currency prices, and in
the end, it is the quoted option prices which represent the costs at which investors can hedge

their foreign exchange exposure.

To obtain this risk-neutral EUR/CHF density function, we follow the approach proposed by
Malz (1997) and interpolate the volatility smilem His approach bases on the insight promoted
by Breeden & Litzenberger| (1978) according to which the discounted risk-neutral density func-
tion of the time T asset price equals the second derivative of the call option price function with
respect to the exercise price

0°C(F,7;K,0,7)
oK?

= ¢ ""ni(K) (11)

To obtain a closely spaced series of call option prices with different exercise prices, which is
needed to empirically implement equation (11), Malz proposes to first interpolate the volatility
smile to obtain a series of implied volatility quotes across deltas, and then to use the Black-
Scholes call option price formulas (7) and () to transform the option prices from the volatility-

delta space to the cash price - strike price space. With the at-the-money implied volatility (atm),

20The literature has presented a large number of techniques to estimate the option implied density function for
future asset prices. Jackwerth|(1999) for example provides an extensive survey.
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the risk reversal (rr), and the strangle (str) volatility price quotes indicating the level, the skew-
ness and the kurtosis of the volatility smile respectively, Malz (1997) proposes to approximate

the implied volatility function by

o(A) = boatmy + byrri(A —0.50) + bystri(A — 0.5)% (12)

Imposing the condition that the at-the-money volatility and the risk reversal and the strangle
price lie exactly on ¢(A) allows to solve for (b1, by, b3) = (1,—2,16). Since delta itself is a
function of the implied volatility, substitute equation (9) into equation (I2) and solve for ¢ as
a function of K. Having obtained implied volatilities for given strike prices, the call pricing
function (7) eventually allows to substitute out cash call prices for given strike prices. The
last step to obtain the risk-neutral probability distribution of strike prices at maturity requires
to differentiate the call price function with respect to the strike prices. This is easiest done
numerically by calculating simple finite differences. The estimated cumulative distribution

function at point K is

[(K) = e'" <C(K)_§(K_h> +1>

and the estimated probability density function is

where & is the step size between adjacent strike prices K. This is done for each K to draw the

entire cumulative distribution or density function.

3.4 Swiss franc risk-neutral probability distribution and central bank actions

Since the payoffs of currency options are conditional on the future value of the underlying
currencies, option prices inform about the expected (risk-neutral) probability distribution of
future exchange rates. This section describes the behavior of the EUR/CHF implied density
function during the Swiss franc lower bound monetary policy regime with a particular focus

on the evolution of skewness and kurtosis around days on which the Swiss- and the European
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central bank took action.

In general, policy actions undertaken by either the Swiss National Bank (SNB) or the Euro-
pean Central Bank (ECB) should increase the skewness of the option prices implied EUR/CHF
density function and lower its kurtosis. A positive skewness indicates that markets expect the
Swiss franc to depreciate against the euro: weakening the Swiss franc is a direct objective of the
SNB, whereas the ECB works towards a more stable Eurozone and thus a more valuable euro.
The lower the kurtosis of the EUR/CHF implied density function, the less probability markets
put on a large move of the exchange rate. Central bank interventions should aim at reducing

such tail risk.

Figure (8) depicts the behavior of the kurtosis and the skewness of the EUR/CHF risk-neutral
density function since the introduction of the Swiss franc lower bound, and vertical lines mark
particular events. On September 15, 2011, the SNB published its first monetary policy assess-
ment after it had unambiguously announced to prevent the Swiss franc from appreciating be-
yond 1.20 francs to the euro. In this statement, the Swiss central bank repeatedly emphasized
its will to defend the franc/euro minimum exchange rate Thereafter, the skewness increased
sustainedly and remained positive until the end of the year, suggesting that the SNB'’s policy
statement successfully eased smoldering appreciation pressure on the Swiss currency. At the
beginning of 2012, appreciation pressure on the Swiss franc set in again, but the loosening of
the criteria for eligible collateral in Eurosystem credit operation@ that the ECB approved on
February 9, 2012, temporally suspended depreciation expectations of the euro against the franc.
But over the month that preceded the Greek legislative elections on June 18, 2012, skewness
and kurtosis of the implied EUR/CHF density function indicate sharp appreciation pressure
on the Swiss franc again, combined with a high probability for large movements of the ex-
change rate. Eventually, it was only after the ECB announced the technical details concerning
the Outright Monetary Transaction (OMT) programlz_gl on September 6, 2012, that ended depre-
ciation expectations of the euro against the franc and induced markets to expect a smooth path

for EUR/CHE. The launch of this program, possibly together with Daghi’s “whatever-it-takes”

21http: //www.snb.ch/en/mmr/reference/pre_20110915_1/source/pre_20110915_1.en.pdf

22 ttp://wuw.ecb.europa.eu/press/pr/date/2012/html/pr120209_2.en.html

23 The Outright Monetary Transaction (OMT) program allows the ECB to buy government-issued bonds on
secondary markets to provide liquidity to countries that face problems selling their debt. For details, follow
http://www.ecb.europa.eu/press/pr/date/2012/html/pr120906_1.en.html

24


http://www.snb.ch/en/mmr/reference/pre_20110915_1/source/pre_20110915_1.en.pdf
http://www.ecb.europa.eu/press/pr/date/2012/html/pr120209_2.en.html
http://www.ecb.europa.eu/press/pr/date/2012/html/pr120906_1.en.html

statement at the end of July 2012, marks a turning point in the fortunes of the Eurozone: the
skewness of the implied EUR/CHF probability distribution permanently increased to slightly
positive levels no longer indicating appreciation pressure on the Swiss franc, and the kurtosis
suggests that uncertainty about large movements in the exchange rate declined to pre-crisis

levels.

Figure (9) presents the results from a more systematic analysis of the interrelation between SNB
and ECB policy actions and the moments of the EUR/CHF implied probability distribution
function. The figure depicts the average behavior of the mean, skewness and kurtosis of this
probability function around days on which statements or policy interventions of either of the
two central banks became public. Table (7) provides a detailed description of this event-dummy
variable. It emerges that it is only after September 2012, which marks the beginning of a calmer
period in the EUR/CHF market, that central bank interventions are systematically followed
by higher skewness and lower kurtosis of the risk-neutral EUR/CHF density function. Over
the first year of the Swiss franc lower bound regime in contrast, central banks seem to have
difficulty to calm markets, since their policy interventions as listed in Table (7) are followed
by lower skewness and increasing kurtosis on average. Even though the SNB was able to halt
the Swiss franc from appreciating beyond CHF 1.20 to the euro, the two central banks have
been unable to clearly control appreciation expectations of the franc against the euro and stop
markets from betting on large jumps in EUR/CHEF over the most tumultuous year of the Swiss

franc lower bound regime. But since about September 2012, they are.

4 Stability of exchange rate target zones

Research about the behavior of the exchange rate within target zones had its golden age when
the first European Exchange Rate Mechanism (ERM I) was in operation, which exhorted its
members to stabilize their currencies within admitted fluctuation limits around predetermined
central parities over the twenty years prior to the introduction of the euro in 1999. At various
events during that time, markets had good reason to doubt the credibility of these exchange rate
target zones since realignments — adjustments of central parities or of the width of fluctuation

limits around these parities — were frequent.
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An obvious extension of the Krugman (1991) target zone model was therefore to incorporate
such time-varying realignment risk. [Bertola & Svensson|(1993) presented a model in which the
expected size and the probability of a realignment act as a state variable next to the market
fundamental x for the exchange rate, and for example Rose & Svensson| (1995), Svensson! (1993)
or [Lindberg ef al. | (1993) provide empirical implementations. Thereby, their assessment of the
credibility of the ERM relied on the uncovered interest rate parity condition by which inter-
est rate differentials or forward discounts should be unbiased predictors of future exchange
rates. Such predicted exchange rate changes are decomposed into the sum of expected depre-
ciation within the existing exchange rate band and expected adjustment of the limits of the
band. Within-band depreciation is estimated using macroeconomic and financial variables like
past exchange rates and interest rates. Eventually, the interest rate differential minus the es-
timated within-band depreciation constitutes the expected realignment. Conditional upon a
given expected size of the realignment, this intensity of realignment measure allows to deduce
the probability of the realignment within a given time horizon. For example, a realignment in-
tensity of 10 percent over some fixed horizon is consistent with a 0.5 probability of a 20-percent

devaluation, or a 0.4 probability of a 25-percent devaluation over that horizon.

Following this notion of realignment expectations, Campa & Chang| (1996) calculate an inten-
sity of realignment measure from currency option prices. Defining the size of realignment by
St — S, which is the difference between the spot rate at time ¢ and the upper bound of the ex-
change rate band, the realignment intensity is given by G(t) = [5° (St — S) f(S¢)dS; where f(S;)
is the density function of exchange rate realizations at time . This definition of realignment in-
tensity implies that (1 + i) times the risk-neutral value of a call option with strike price S consti-
tutes a lower bound of the realignment intensity Campa and Chang find that such call option
prices indicate a high intensity of realignment for the lira and the pound sterling in the month
before they each left the European exchange rate mechanism (ERM) in 1992, indicating that
markets expected the depreciation of these currencies against the mark that followed. Further
qualifying this intensity of realignment measure, Campa & Chang| (1998) find that macroeco-

nomic variables such as real exchange rates, trade balances, foreign reserves, money supply,

24The risk-neutral value of a call option is given by its expected discounted payoff at maturity of the option:
C(K,t) = 1-&717 /i 120 (St — K) f(s1)dSz, where ir denotes the risk-free rate of interest over timet, K denotes the strike

price, and S¢ the spot price of the foreign currency at maturity of the option contract. f(s¢) is the density function
of exchange rate realizations at maturity of the option contract.
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inflation and output are unable to explain patterns in realignment intensities, which is in line
with the results that/Rose & Svensson|(1994) obtained using deviations from uncovered interest

rate parity as a measure of the realignment intensity.

While these approaches allow to estimate an intensity measure of realignment, they are unable
to endogenously estimate both, the expected size of a realignment and its probability. Doing
so requires a model for the behavior of the exchange rate. Malz| (1996) therefore assumes a
jump-diffusion model for the stochastic process of the exchange rate which leads to formulas
for call and put options that are averages of the Black-Scholes option values given a jump,
weighted by the probability of a jump, and the Black-Scholes values absent a jump, weighted
by the probability of no jump. Estimating the parameters of this model yields estimates for
the jump size and the probability with which it might occur. However, Malz states that even
in this framework, it is difficult to distinguish sharply between the contribution of the two

components of the realignment intensity, jump size and jump probability.

In the case of the Swiss franc, political and economic groups have required for a rise of the
franc’s lower bound at several events, and during summer 2012 there seem to have been market
rumors that the SNB could lower the minimum Swiss franc price of the euro. But much more
of an issue than such a realignment of the lower bound is the possibility that the SNB could
give up the target zone regime altogether and let the Swiss franc float freely. Our “intensity
of realignment” state variable will therefore just quantify appreciation pressure on the Swiss

franc beyond the boundary value of EUR/CHF=1.20.

4.1 Stability of the one-sided Swiss franc target zone

The risk-neutral density function of the Swiss franc/ euro exchange rate can inform about the
probability that markets assign to the Swiss franc noting below its lower bound on a given
day in the future. For each date since the announcement of the Swiss franc lower bound in
September 2011, Figure therefore plots the option implied probability that the Swiss franc
will note below CHF 1.20 to the euro; the figure shows fI(K, 7) with K = 1.20 and T = 1 month,
whereby I'1(K, T) has been derived from daily price quotes of EUR/CHF currency options with
one month time to maturity as described in section (3). It is natural to interpret this measure as

the market’s time-varying expectation of the persistence of the Swiss franc lower bound mone-
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tary policy regime. This relates to the concept of the “intensity of realignment” which the target
zone literature has established. Especially during the year 2012, the risk-neutral probability for
EUR/CHEF lower than 1.20 was strikingly high on many occasions and quite volatile, fluctu-
ating between 10 percent and over 30 percent. Such high implied probabilities indicate that
traders have been eager to insure against CHF appreciation beyond EUR/CHF=1.20, or to bet
on EUR depreciation, thus driving up the prices of out-of-the-money EUR/CHF put options
for example. The risk-neutral distribution hence suggests that markets casted doubt on the
Swiss National Bank’s willingness to defend the Swiss franc lower bound in any event. Even if
these risk-neutral probabilities might well differ from the subjective probabilities that market
participants assigned to a Swiss franc appreciation beyond its lower bound, they nevertheless
mirror traders’ ability to pay for insurance against CHF appreciation thus providing a measure

of market pressure that the Swiss National Bank had to withstand.

Figure also depicts the implied probabilities for EUR/CHEF noting below 1.10, as well as
above 1.25 and 1.30. The implied probability for EUR/CHF below 1.10 peaked prior to the
Greek legislative elections in June 2012, which is a time that was characterized by heavy uncer-
tainty as regards the future of the EMU, but were also relatively high over the first four month
of the Swiss franc lower bound monetary policy regime. It is also over these initial months
that markets put increased porbability for EUR/CHF noting above 1.25 or even 1.30. This large
variance of implied future exchange rates suggests that right after the inception of the Swiss
franc lower bound regime, markets were uncertain what price the Swiss National Bank truly
was going to impose on its currency. Option prices not only casted doubt on the central bank’s
willingness to defend the lower bound it hat set, but probably also mirror the political pressure
for an even weaker Swiss franc. Over 2011 and 2012, the SNB was confronted with trading
associations and political committees requiring for a minimum exchange rate of CHF 1.30 or
even 1.40 to the euro@ Since the franc probably would have traded at much more appreci-
ated levels than that in the absence of the lower bound regime, the observations that markets
put relatively high probability on a such a depreciated Swiss franc suggests that at least some

traders doubted whether the Swiss central bank wasn’t to rise the Swiss franc lower bound.

ZLabor unions represented by the “Schweizerischer Gewerkschaftsbund SGB” or the “UNIA”, representatives
of the catering industry, export oriented firms, the “Schweizerischer Arbeitgeberverband” which is an employers’
association, the think-tank economiesuisse, or the “Wirtschaftskommission des Nationalrats” which is the economic
council of the National Assembly would all have welcomed a weaker Swiss franc.
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The interpolated EUR/CHEF put and call option priceﬁ shown in figure suggest the same
description of market sentiments towards the one-sided Swiss franc target zone regime. If the
Swiss National bank always imposes the Swiss franc minimum exchange rate, any EUR/CHF
put option with a strike price below K = 1.20 never finishes in-the-money. Hence, if mar-
kets believe that the SNB will enforce the Swiss franc lower bound, put options that entitle to
sell euro against francs for prices above 1/1.20 euro per franc should be worthless. However,
EUR/CHEF put options with a strike price of K = 1.20 traded at positive prices throughout the
year 2012, and put options prices with an exercise price of K = 1.10 peaked during summer
2012. This suggests that markets were ready to pay for example a positive price for a bet on
the Swiss franc noting below its lower bound within one month time. On the other hand, dur-
ing the first four month of the Swiss franc target zone regime, not only EUR/CHF put options
with K = 1.20 traded at positive prices, but also call options with a strike price of K = 1.25 or
K = 1.30 were relatively expensive. However, the price of EUR/CHEF call options that entitle
to buy euro for 1.25 Swiss francs turned to almost zero around January 2012. This suggests to
conclude that at that moment, markets no longer suspected that the Swiss National Bank could

attempt to loose monetary conditions by rising the Swiss franc lower bound.

To summarize, EUR/CHEF option prices allow to quantify to a certain extent how determined
markets perceived the SNB to stick to the Swiss franc lower bound of 1.20 to the euro: while
market’s put high probability on both, a weaker or a stronger Swiss franc during the first couple
of month of the lower bound regime, market expectations were clear-cut during 2012 in that

the SNB had to withstand quite pronounced appreciation pressure.

5 Option price state variable in the Krugman model

In the first part of this paper, we have argued that the simplest version of Krugman’s (1991)
model for the behavior of exchange rates within a target zone describes the behavior of the
Swiss franc reasonably well: a decline in the stock market or a spike in its option implied
volatility VIX both correlate with an appreciation of the Swiss franc against the euro, whereby

this correlation is stronger the farther away from its lower bound the Swiss franc exchange rate

26The put and call prices depicted in figure have been constructed from the interpolated volatility smile and
the Black-Scholes formula for put options as described by |Malz((1997).
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notes. However, the analysis of EUR/CHEF option prices challenges an important assumption
of Krugman'’s (1991) target zone model: the model requires that markets cast no doubt on the
monetary authority’s power to keep the exchange rate within the determined target zone at any
event. But negative 25-delta risk-reversal implied volatilities indicate appreciation pressure on
the Swiss franc even though the Swiss franc already noted at its lower bound, and 25-delta
strangle implied volatilities indicate that markets took into consideration that the Swiss franc
exchange rate could jump far either upwards or downwards, particularly so around monetary
policy events such as the publication of the quarterly bulletin of the Swiss National Bank. Even-
tually, the one month forward-looking risk-neutral density function for the Swiss franc price
of one euro shows that markets put relatively high probability on the possibility that the Swiss
currency could note below 1.20 francs to the euro. Correspondingly, EUR/CHF put option

with strike prices of 1.20 or lower traded at positive prices.

Given these results, an obvious next step is to follow in the target zone literature’s tracks and
allow within the Krugman (1991) model that market’s doubt the continuation of existing ex-
change rate bands. In the last section of his contribution, Krugman| (1991) argues that the ex-
change rate remains an S-shaped function of its fundamentals even if markets expect that the
monetary authority could give up defending a target zone once the exchange rate threatens
to surpass its bound@ Also, Bertola & Svensson| (1993) present an extension of the Krugman
model in which investors take into consideration that a central bank might change the position
and size of the exchange rate band for its currency, but which nevertheless generates a hon-
eymoon effect for the exchange rate. In their approach, the probability with which markets
expect a shift of the exchange rate bounds of a particular size acts as a state variable next to
the market fundamental x. Like x, this “intensity of realignment” state variable is assumed to
follow a Brownian motion process. The increments in this process are allowed to be correlated
with those in k. Further, the intensity of realignment state variable may depend linearly on the
current value of the exchange rate s(t). In the literature, empirical estimates of this “intensity

of realignment” state variable commonly base on interest rate differentials and other market

ZKrugman! (1991) discusses the case in which markets expect with some positive probability ¢ that once the ex-
change rate threatens to surpass its bound, monetary authorities will abandon the exchange rate target zone regime
such that the exchange rate goes over to floating freely. Krugman argues that this kind of imperfect credibility may
reduce, but not eliminate, the stabilizing effect of the exchange rate target zone. Bertola & Caballero|(1992) however
present a model in which markets expect with some probability that instead of giving up the exchange rate target
zone, exchange rate bands will be realigned. In their setting, a honeymoon effect results only if this probability is
very low.
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fundamentals =]

We propose to use the option implied probability for a Swiss franc price of one euro below 1.20
as a state variable for the exchange rate within the Krugman (1991) model, and we denote it by
g(f) = II(K = 1.20, 7 = 1), which is the risk-neutral probability for exchange rate realizations
below K = 1.20 Swiss francs per one euro derived from option prices with T = 1 month time
to maturity. This variable relates to the “intensity of realignment” measure from the literature
explained above because it quantifies appreciation pressure on the Swiss franc at the lower
bound. Our state variable g(t) can indicate how much markets doubted the continuation of the
Swiss franc lower bound regime at different points in time. In addition, this option price-based
state variable nicely embeds the interpretation of the Swiss franc as a currency that is highly
sensitive to global market risk into the Krugman (1991) model, since appreciation pressure on
the Swiss franc systematically sets in if global risk spikes: table shows that the increments
of g(t) are significantly correlated with the increments of the global risk factors we have used
as exchange rate fundamentals in the first part of this paper. Global market risk importantly
impacts on the Swiss franc, but the systematic behavior of EUR/CHF option prices around
particular SNB- and ECB-specific events further suggest that also uncertainty that is rather
related to Switzerland and the EMU than to the whole world economy is important for the price
of the Swiss franc. Lastly, our option-price based state variable for the exchange rate should
mirror such region-specific information as well. Since it is derived from prices that emerge
from trade in highly liquid markets, this state variable should incorporate all information that

is relevant for the expected path of the value of the Swiss franc against the euro.

As the Krugman (1991) model predicts, the scatter-plot presented in figure reveals a clear
non-linear relationship between EUR/CHF and the option prices implied probability for EUR/CHF
< 1.20: as it approaches its lower bound, the Swiss franc/euro exchange rate co-moves less
with appreciation pressure on the Swiss franc. Within the model, this results because markets
expect that the Swiss National Bank will suspend the impact of appreciation pressure on the

actual value of its currency once it threatens to surpass its ceiling value with high probability.

Obviously, g(t) is not only driven by stochastic fluctuations in global market sentiment, but it

is also determined by the actual level of the Swiss franc/euro exchange rate s(t) which it is sup-

28Gee for example [Rose & Svensson| (1995), Svensson|(1993), [Lindberg et al. | (1993)
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posed to explain: clearly, the lower EUR/CHEF is, the higher is the probability for EUR/CHF <
1.20. In fact, regressing g(t) on s(t) reveals a positive and highly significant estimate ”’| To con-
trol for this dependency, the scatter-plot in figure plots all EUR/CHEF realizations against
the residuals obtained from regressing g(¢) on a constant, the current level of the exchange rate
s(t), and on its lagged value g(t — 1). As for the market fundamentals in the first part of this
paper, and as for g(t), we observe that the Swiss franc/euro exchange rate is well described
as a bended function of these residuals. The sensitivity of EUR/CHF on innovations in g(t)
unrelated to the current level of the exchange rate declines as the Swiss franc approaches its

lower bound, which validates Krugman'’s (1991) target zone model.

Following |Bertola & Svensson| (1993) to integrate our new state variable for the exchange rate

into the Krugman (1991) model, the equation for the exchange rate becomes

) = gle) +o 0 13

g(t) = g1(t)+a+bs(t) (14)

dgi(t) = wpedt+odWe(t), dWe (t)dWy (t) = pdt, lp|=1

where dW (t) and dW(t) are potentially correlated standard Wiener processes related to g(f)
and other exchange rate fundamentals x(t) like the global risk factors we used in the first part
of this paper. While it is difficult to solve the model with an arbitrary functional form of the
dependence of g(t) from s(t), Bertola & Svensson (1993) note that the linear case we assumed
so far is easy to handle. Substituting equation into leads to the following equation for

the exchange rate

0 = sty (e (2)o[)

which is of the same functional form as (2) such that a solution to the model exists that leads to

an S-shaped exchange rate function s(g).

2Regressing g; = IT1(K = 1.20,T) on a constant a and the EUR/CHF spot exchange rate S;
gr=a =+ b(St) + €

yields the following OLS estimates: 4 = 7.7 and b = —6.2. Allowing for autocorrelation and heteroscedasticity in
the error term, both estimates are highly significantly different from zero. Hence, the closer to its lower bound the
Swiss franc notes, the higher is g;.
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Given this theoretical foundation of our option-based state variable g(t), the regression results
presented in table confirm the non-linear relationship between g(t) and s(t) depicted in the
scatter-plots of figures and (13). Regressing percentage changes in the Swiss franc/euro ex-
change rate on first differences of our intensity of realignment state variable interacted with the
percentage deviation of the Swiss franc from its lower bound yields a negative OLS-estimate
that, after allowing for autocorrelation and heteroscedasticity in the error term, is highly sig-

nificant:

Alog(S:) = const+ B1Ag: x (St —1.20) + BaAg: + B3(St — 1.20) + BaAlog(Si—1) + €

While the estimates for $, and B3 are not statistically different from zero, the estimate for ; is
significantly negative. Thus, a given increase in the state variable g(f) goes along with a rel-
atively higher appreciation of the Swiss franc against the euro the weaker the Swiss currency
is. But as the Swiss franc/euro exchange rate approaches its lower bound, the negative rela-
tion between increases in appreciation pressure and actual Swiss franc appreciation fades out.
To conclude, this paper describes the Swiss franc as an asset whose price is explained by it’s
sensitivity to global or systematic risk, that is, risk which investors cannot hedge. Thereby, this
sensitivity is a function of the monetary policy regime which markets believe that the Swiss

National Bank is implementing.

6 Option price interpretation of EUR/CHF

The Krugman (1991) target-zone model not only allows for a risk-based interpretation of the
Swiss franc by the corresponding choice of the state variables, but it also embeds an asset-
pricing view of exchange rates directly. In particular, Krugman’s (1991) model suggests to
interpret the Swiss franc/euro exchange rate as the price of an asset portfolio that consists
of two positions, a long position in a fundamental asset whose value is determined by the
expected path of the risky exchange rate fundamental, plus a short position in an EUR/CHF
put option with a strike price of 1.20. To see this, note that the equation for the exchange rate

can be solved forward to obtain
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s; = 1/ (mT—KT)e*(%t)dT

Y Jr=t
B }r /o—ot (o~ xe) e (e + }y /:t (m(ie) —mo)e () dr (15)

where m is the monetary base which is held constant as long as the exchange rate remains

above the lower bound.

The first term on the right hand side of equation represents the fundamental part. In our
implementation, higher global market risk x; implies a lower s(x;), that is, a higher value of the
Swiss currency. Since «; is assumed to follow a random walk, its expected value increases in its
actual level x;. Thus, the “fundamental” value of the Swiss currency increases in . If however
Kk moves to values that would imply s(x;) < 1.20, the Swiss National Bank has committed itself
to increase m above m such that s(m(x;), x;) does not fall below EUR/CHF=1.20. Hence, by the
random walk property of x again, the expected Swiss franc monetary base (m(x:)) increases
in x;, leading to a higher s;. Together with the “fundamental” term, this “option pricing term”

leads to the now familiar bended relationship between the exchange rate and its fundamental.

The option pricing interpretation of the second term in the above exchange rate equation arises
because it represents the obligation of the SNB to sell Swiss francs against euros on demand at
EUR/CHF=1.20. Selling Swiss francs against euros increases the monetary base and prevents
the Swiss franc from falling below its lower bound. This obligation corresponds to a short
position in a CHF/EUR call option or, equivalently, to a short position in a EUR/CHF put
option with a strike price of K = 1.20@ Focusing on the EUR/CHEF put option, the risk-neutral

value of such a contract is given by

1

K
PKT) = 1ip /0 (K = Se (k) f(S+)dSs (16)

where we again assume that the expected exchange rate at maturity of the option contract,
St(x¢), is a declining function of the actual level of the fundamental «;. Clearly, the value of

this put option increases as «; increases so that a short position in this contract loses in value for

30 A CHF/EUR call option entitles its holder to buy Swiss francs paying with euros for a given strike price, and
a EUR/CHEF put option gives its holder the right to sell euros against Swiss francs at a predetermined price. Since
we use EUR/CHEF option prices in this paper, we will focus on the EUR/CHF put option contract.
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higher «. In sum, the value of the Swiss franc asset portfolio, which consists of a fundamental
asset position whose value increases in x; and an option position whose value declines in «;, is

a bended function of the market fundamental x; as the basic Krugman (1991) model suggests.

To refer to the analysis of the Swiss franc presented in the preceding sections of this paper, the
option price-based state variable for the exchange rate we suggested directly relates to the op-
tion pricing position of the “Swiss franc portfolio”: a higher implied probability for EUR/CHF
< 1.20 monotonically translates into a higher price of an EUR/CHF put option with a strike
price of K = 1.20. Given the stylized fact that the Swiss franc tends to appreciate in globally
risky times, that is, given that S; falls in x;, equation (16)) visualizes how increasing systematic
risk rises the price of EUR/CHEF put options. Since the “Swiss franc portfolio” includes a short
position in such an option contract, the Swiss franc should appreciate less in x the higher this
global risk already is, possibly implying a Swiss franc/euro exchange rate far below 1.20. Fig-
ure plots this new variant of the option price-based state variable §(¢t) = P(K, T) against all
EUR/CHEF realizations. Clearly visible, the Swiss franc can be described as a bended function
of §(t).

To draw the big picture and to summarize our results, the two variants of the option price-
based state variables for the exchange rate g(t) = I'(K, 7), and g(t) = P(K, t) with K = 1.20
and T = 1 month a) quantify appreciation pressure on the Swiss franc against the euro at the
Swiss franc lower bound and thus indicate the “credibility” of the Swiss franc target zone, b)
reflect increasing latent global market risk, c) further mirror EUR/CHF exchange rate specific
uncertainty, and d) directly describe the value of the Swiss currency against the euro. The Swiss

franc/euro exchange rate is well described as a nonlinear function of these state VariablesEZI

Think about the following: Veestraeten (2013) finds an s-shaped option pricing function for
options on currencies in two-sided target zone regimes. The option price function tangentially
nears the boundaries of its band. In fact, absence of arbitrage opportunities require the option to
have zero movement upon reflection. Non-zero movement would indeed allow for predictable

gains if the option were bought just prior to intervention. Or, the first derivative of the price

31Veestraeten (2013) presents a model for currency option pricing within credible exchange rate target zone
regimes. In his model, the option price is an S-shaped function of the exchange rate that tangentially nears the
boundary of its band.

32Dumas et al. | (1995) and [Veestraeten| (2013) present a model for currency option pricing within exchange rate
target zone regimes.
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function to the exchange rate is equal to zero at the boundaries.

7 Summary and concluding remarks

The introduction of a one-sided exchange rate target zone regime for the Swiss franc in Septem-
ber 2011 has helped the Swiss National Bank not only to halt the strong appreciation of the
Swiss currency that set in in the wake of the global financial crisis and during the tumultuous
months of the European sovereign debt crisis, but also to mute the sensitivity of the Swiss franc
to spikes in global market risk. In line with the predictions of Paul Krugman’s (1991) simple,
though elegant, model for the behavior of the exchange rate within a target zone, we conclude
that declines in the stock market and increases in stock options implied volatility go along
with a smaller appreciation of the Swiss franc against the euro, the closer to its lower bound
of EUR/CHF=1.20 the Swiss currency already notes. Such a non-linear relationship between
variables that capture global market risk and the value of the Swiss franc is not found for the
time before the inception of the Swiss franc lower bound, when the Swiss currency was freely
floating (between June 2010 and August 2011), or when the Swiss National Bank was heavily
intervening in foreign exchange markets to depreciate the value of its currency without having

announced a lower bound (between April 2009 and May 2010).

Price quotes of option portfolios that are commonly traded in over-the-counter markets indi-
cate that over the first few months after the SNB announced to prevent the Swiss franc from
appreciating beyond 1.20 francs to the euro, markets were uncertain about how the Swiss cen-
tral bank was going implement this new policy regime: option prices not only suggest that
markets doubted whether the central bank will truly defend this lower bound, but they also
indicate doubt about whether the central bank will give way to political pressure and rise the
Swiss franc lower bound to 1.25 or even 1.30 to the euro. In contrast, over 2012, when the Eu-
ropean sovereign debt crisis was escalating dramatically, market expectations were more clear-
cut and option prices now put considerable porbability on the Swiss franc noting below 1.20
to the euro in the near future. Also, option prices suggest that the central banks were unable
to convince the market of a stable future exchange rate path during the first year of the Swiss

franc lower bound regime. To allow for such uncertainty about the continuation of the Swiss
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franc lower bound monetary policy regime within the framework of Krugman’s (1991) model,
we consider the risk-neutral probability that the Swiss franc will note below EUR/CHF=1.20
in the near future as a fundamental variable that drives the value of the Swiss franc. This state
variable for the exchange rate not only quantifies doubt about the Swiss franc lower bound, but
it also indicates surges in global market risk because safe haven demand for Swiss francs spikes
in such tumultuous times. Again, we are able to describe the sensitivity of the Swiss franc to
this option price-based state variable as a function of the Swiss central bank’s monetary policy
stance: the closer to its lower bound the Swiss franc already notes, the less it appreciates as
appreciation pressure, indicated by option prices, surges. To conclude, the Swiss franc is in

honeymoon.

Since the inception of the Swiss franc lower bound, economic conditions in Switzerland and
the euro area have been changing: the discussion about the euro break up, that was striking in
the media during summer 2012, has virtually vanished and the euro crisis is subsiding. As of
January 2014, the global economy is recovering and major central banks consider normalizing
their monetary policy stances. However, the franc is still trading close to its lower bound. Since
EUR/CHEF has reached a peak in May 2013, the franc has steadily been appreciating against the
euro and even dropped below 1.21 to the euro at the end of February 2014 when armed men
occupied government buildings in the Ukrainian region of Crimea and raised the Russian flag.
Against the hope that the Swiss franc lower bound would become irrelevant as safe haven
demands for the franc reverse once the euro crisis subsides, in spring 2014, the Swiss franc
lower bound still importantly frames the Swiss National Bank’s monetary policy decisions.
The value of the Swiss franc is influenced by this one-sided exchange rate target zone regime,
and a version of Krugman'’s (1991) model for the behavior of exchange rate within target zones

describes aspects of its behavior considerably well.
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Figure 1: SNB reserves and EUR/CHF 1month forward exchange rate
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The figure shows the Swiss National Bank’s foreign exchange reserves measured in millions of Swiss francs, and
the Swiss franc/euro spot exchange rate expressed in Swiss francs per one euro. The data for the foreign exchange

reserves is at monthly frequency, the spot exchange rate is measured daily.
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Figure 2: Krugman (1991) exchange rate function
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This graph sketches the exchange rate s as a function of currency market fundamentals x. Applied to a one-sided
target zone exchange rate regime, the graph depicts the behavior of the exchange rate that the [Krugman)| (1991)
model implies: as it approaches its lower bound, the exchange rate should become insensitive to changes in the
market fundamentals; s = s(m — k) denotes this lower bound.
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Figure 3: Krugman (1991) exchange rate function: EUR/CHF and Stock market
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The figure plots values of the EURO STOXX 50 index against the Swiss franc/euro exchange rate which is measured
in units of Swiss francs per euro. Black dots denote data points that lie between September 6, 2011 and January 13,
2012, and red circles mark data points between January 2012 and January 2014. This break point in January 2012 is
motivated by the observation that around that date, the Swiss franc noted at its lower bound for the first time since
the SNB announced to defend a Swiss franc lower bound of EUR/CHF=1.20. The data is at daily frequency and
includes all days that were trading days in Switzerland and in the US.
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Figure 4: Mueller and Petalas (2006) time-varying beta estimates
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Applying the method proposed by [Elliott & Mueller| (2006) and Mueller & Petalas| (2010), the black line (left axis)
shows time-varying estimates of the ;- coefficient of the following regression equation

As; = a+ ‘Bth + €

where As; denote percentage changes in the EUR/CHEF spot exchange rate, « denotes a constant and «; is a foreign
exchange market fundamental. Here, x; equals percentage changes of the EURO STOXX 50 index. The thin, dotted
lines depict 95% confidence intervals for the B;-estimates. The blue line (right axis) shows percentage deviations
of the EUR/CHEF spot exchange rate from its lower bound which equals EUR/CHF=1.20. The data is at daily

frequency and encompasses all days that were trading days in Switzerland as well as in the US.
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Figure 5: EUR/CHEF forward exchange rate
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The figure shows EUR/CHF forward outright exchange rates for different maturities. The data is at daily frequency
and encompasses all days that were trading days in the US and in Switzerland between September 2011 and January
2014.
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Figure 6: EUR/CHEF spot exchange rate and currency option implied volatility
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The figures show time-series plots of the EUR/CHF spot exchange rate, and currency option volatility price quotes:
atm denotes the at-the-money implied volatility, rr25 is the volatility price quote for a risk-reversal with a delta
of 25, and str25 denotes the 25-delta strangle volatility price. The option contracts have a maturity of one month,
the data is at daily frequency and encompasses all days that were trading days in Switzerland and in the US. The
vertical lines indicate dates around which the Swiss National Bank changed its foreign exchange policy regime:
between April 2009 and Mai 2010, the SNB heavily intervened in the foreign exchange market to prevent the Swiss
franc from appreciating a lot. In May 2010, the SNB stopped these interventions, but in September 2011 it decided
to intervene in the foreign exchange market anew and announced to defend the Swiss franc euro exchange rate at
CHF 1.20 per 1 EUR.
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Figure 7: Average volatility smile for different SNB foreign exchange policy regimes
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The figure shows average EUR/CHF option volatility smiles for three periods which are characterized by different
SNB foreign exchange market intervention regimes: between April 2009 and Mai 2010, the SNB heavily intervened
in the foreign exchange market to prevent the Swiss franc from appreciating a lot. In May 2010, the SNB stopped
these interventions, but in September 2011 it decided to intervene in the foreign exchange market anew and an-
nounced to defend the Swiss franc euro exchange rate at CHF 1.20 per 1 EUR. Lines plot the time-series average
of the implied volatility quotes in percentage points against the put delta of the currency option. Currency options
have a time to maturity of one month. The data is at daily frequency and encompasses all days that were trading
days in Switzerland and in the US.
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Figure 8: Skewness and Kurtosis of implied EUR/CHF density function
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The blue dotted line (left axis) shows the skewness of the option implied EUR/CHF density function, and the red
line (right axis) shows its kurtosis. The data is at daily frequency and covers all days that were trading days in the
US as well as in Switzerland. Vertical lines indicate dates at which influential events took place. On September 15,
2011 (1), the first SNB monetary policy assessment after the inception of the Swiss franc lower bound was published.
On February 9, 2012 (2), the ECB approved eligibility criteria for additional credit claims. On June 18,2012 (3), Greek
legislative elections took place, and on September 6, 2012 (4), details of the ECB’s OMT program became public.
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Figure 9: average behavior of option implied EUR/CHF density function around central bank
events
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The figures show the average behavior of the skewness, the kurtosis, and the mean of the option implied EUR/CHF
density function on the days that precede and follow central bank events. All events are listed in table (7). The data
starts on September 6, 2011 — which is when the Swiss franc lower bound regime was installed — and reaches through
to January 2014. This period is divided into two sub-periods, the period prior to Mario Draghi’s spirited speech in
August 2012 in which he clearly stated the ECB’s willingness to support the euro at any event and the subsequent
launch of the ECB’s Outright Monetary Transaction program (OMT) in September 2012, and the period thereafter.
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Figure 10: Risk-neutral cumulative density function
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The figures show the cumulative risk-neutral density function that option prices with one month time to maturity
imply for particular values of the EUR/CHF exchange rate at the expiration date of the option contracts. Risk-
neutral density functions have been obtained by interpolating the volatility smile asMalz (1997) suggested, details
are described in section (.3). The upper left plot shows the option implied probability for a exchange rate above
EUR/CHF=1.25, and the upper right plot depicts the probability for an exchange rate above EUR/CHF=1.30. The
lower plot on the left shows the risk-neutral probability that EUR/CHF will note below 1.20, and the lower plot
on the right shows the probability that EUR/CHF will trade below 1.10 in one month time. The data is at daily
frequency and includes all days that were trading days in the US as well as in Switzerland and spans the period
from September 6, 2011 to January 31, 2014.
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Figure 11: Put and Call option prices
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The figure shows time-series of call and put option prices with given strike prices K. These option prices are
constructed from the interpolated volatility smile as Malz|(1997) suggested and the Black-Scholes formulas for put
and call option prices. The data is at daily frequency and includes all days that were trading days in the US as well
as in Switzerland and spans the period from September 6, 2011 to January 31, 2014.
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Figure 12: Krugman (1991) exchange rate function: EUR/CHF and implied probability for
EUR/CHF<1.20
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The figure plots the risk-neutral probability that the Swiss franc will note below 1.20 to the euro at the expiration
dates of option contracts, which lies one month in the future, against the Swiss franc/euro exchange rate that is
measured in units of Swiss francs per euro. The risk-neutral density function for Swiss franc prices of one euro
is obtained by interpolating the volatility smile as suggested by (1997), details are described in section (3.3).
Black dots denote data points that lie between September 6, 2011 and January 13, 2012, and red circles mark data
points between January 2012 and January 2014. This break point in January 2012 is motivated by the observation
that around that date, the Swiss franc noted at its lower bound for the first time since the SNB announced to defend
a Swiss franc lower bound of EUR/CHF=1.20. The data is at daily frequency and includes all days that were trading
days in Switzerland and in the US.
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Figure 13: Krugman (1991) exchange rate function: EUR/CHF and implied probability for
EUR/CHF<1.20 residuals
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The figure plots the residuals from regressing the risk-neutral probability that the Swiss franc will note below 1.20
to the euro one month in the future on a constant, the level of the EUR/CHEF spot exchange rate and the lagged risk-
neutral probability against the Swiss franc/euro exchange rate that is measured in units of Swiss francs per euro.
The risk-neutral density function for Swiss franc prices of one euro is obtained by interpolating the volatility smile
as suggested by [Malz| (1997), details are described in section (3.3). Black dots denote data points that lie between
September 6, 2011 and January 13, 2012, and red circles mark data points between January 2012 and January 2014.
This break point in January 2012 is motivated by the observation that around that date, the Swiss franc noted at its
lower bound for the first time since the SNB announced to defend a Swiss franc lower bound of EUR/CHF=1.20.
The data is at daily frequency and includes all days that were trading days in Switzerland and in the US.

54



Figure 14: Krugman (1991) exchange rate function: EUR/CHF and EUR/CHEF put price with
strike 1.20

1.26— —

EUR/CHF

0.006 0.008 0.01 0.012
EUR/CHF Put

The figure plots the price of an EUR/CHF put option with a strike of EUR/CHF=1.20 and one time to maturity
against the Swiss franc/euro exchange rate that is measured in units of Swiss francs per euro. Put prices are obtained
from the interpolated risk-neutral density function for the Swiss franc prices of one euro as suggested by
, details are described in section . Black dots denote data points that lie between September 6, 2011 and
January 13, 2012, and red circles mark data points between January 2012 and January 2014. This break point in
January 2012 is motivated by the observation that around that date, the Swiss franc noted at its lower bound for the
first time since the SNB announced to defend a Swiss franc lower bound of EUR/CHF=1.20. The data is at daily

frequency and includes all days that were trading days in Switzerland and in the US.
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Table 1: Summary statistics of exchange rate fundamentals

ESTX50 BOND VIX FX VXY CSFB Prob(EUR/CHF<1.20) P(K=1.20)
mean 2648 106 2077 11.11 24.4457 0.1333 0.0019
st.dev 254 275 6.7970 2.0629 46871 0.1127 0.0019
skewness 04127 0.1913 1.1320 0.0039 01224 0.4104 1.1938
kurtosis 2.2647 2.2952 3.8778 2.2256 2.2588 1.9041 4.6271
ADF constant, trend 26 -1.8923 5.2 -4.1255 -0.56 044 049

ADF constant, 26 -1.3875 45 2.6402 -0.35 0.26 0.31

nobs 1162 1186 1186 1186 1186 588 589

time span 2009(4) - 2014(1)  2009(4) - 2014(1) 2009(4) - 2014(1) 2009(4) - 2014(1) 2009(4) - 2014(1)  2011(11)-2014(1)  2011(11) - 2014(1)

The table shows summary statistics for the variables that serve as state variables for the EUR/CHF exchange rate.
ESTX50 and BOND are the EURO STOXX 50 Index and Barclay’s euro aggregate government bond index, VIX,
FX VXY, and CSFB denote the VIX index of implied volatility in S&P index options provided by the CBOE, JP
Morgan’s EX VXY option implied volatility index for the G7 currencies, and the Credit Suisse First Boston Risk
Appetite Index respectively. Prob(EURCHF) < 1.20 is the option implied probability for an EUR/CHF exchange
rate below 1.20, and P(K = 1.20) is the price of an EUR/CHF put with a strike of 1.20 and a time to maturity of one
month. The data is at daily frequency, and the dataset includes all days that were trading days in the USA and in
Switzerland. Augmented Dickey-Fuller test statistics are computed including a constant and either a trend or not.
Asymptotic critical values are given by -3.96 (1%), -3.41 (5%) for the case with a linear time trend and by -3.43 (1%),

-2.86 (5%) for the case without linear time trend. The number of lags is chosen according to the AIC information
criterion.
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Table 2: Relationship between EUR/CHF and market fundamentals

(AESTX50 : AESTX50 > 0) X sa1.20 1.4342 1.4079
(1.0268) (0.9674)
(AESTX50 : AESTX50 < 0) X sa1.20 5.5210 5.6474
(4.5208) (4.0749)
(ABOND : ABOND > 0) X sp1.20 16837 -1.3723
(-0.2624)  (-0.2336)
(ABOND : ABOND < 0) X sp1.20 8.0344  -1.1097
(1.3821)  (-0.2020)
(AESTX50) X 5a120 3.5949
(3.6766)
(ABOND) X sp1.20 4.3190
(0.9755)
AESTX50 -0.0086 0.0081  -0.0110
(-0.8209) (-0.7622)  (-1.0273)
ABOND 0.0743  -0.0359 -0.0883
(-1.3192)  (-0.7719) (-1.4964)
SA120 0.0046  -0.0151  -0.0049  -0.0233  -0.0239
(-0.4343)  (-1.6669) (-0.5086) (-3.2757) (-3.1350)
const 0.0004  0.0004  0.0004  0.0004 0.0004
(3.2988)  (3.2540) (3.3216)  (3.1583)  (3.3072)
R 0.13 0.01 0.13 0.11 0.01
nobs 563 587 563 563 587

The table reports coefficient estimates as well as t-statistics from regressing percentage changes in the Swiss franc to
euro exchange rate on the covariates listed in the first column of the table. The covariance matrix of the error term
has been estimated following [Newey & West| (1987) and Newey and West (1994). AESTX50 and ABOND denote
log differences of the EURO STOXX 50 Index and Barclay’s euro aggregate government bond index respectively.
sa1.20 denotes the percentage deviation of the Swiss franc to euro exchange rate from its lower bound which has
been set by the Swiss National Bank at CHF 1.20 per on EUR. The data is at daily frequency and covers all days that
were trading days in the US and Switzerland over the period from September 6, 2011 to January 31, 2014.
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Table 3: Relationship between EURCHF and market fundamentals

(AVIX : AVIX > 0) X Sa120 -0.6445
(-4.2307)
(AVIX : AVIX < 0) X Sa120 -0.1263
(-0.6906)
(AVXY : AVXY > 0) X sp120 -0.2817
(-0.2935)
(AVXY : AVXY < 0) X $p120 0.4809
(0.7030)
(ACSFB : ACSEB > 0) X s1.20 -0.5775
(-1.6168)
(ACSFB : ACSEB < 0) X s1.20 0.1357
(0.2842)
(AVIX) X sp1.00 -0.4462
(-3.3889)
(AVXY) X sa1.20 0.1225
(0.2027)
(ACSEB) X $p1.00 -0.2468
(-0.7816)
AVIX -0.0021 -0.0018
(-1.2815) (-1.1410)
AVXY -0.0051 -0.0055
(-0.8896) (-0.9429)
ACSFB 0.0056 0.0057
(1.6736) (1.5786)
SAL20 00110 -0.0168  -0.0124  -0.0216  -0.0238  -0.0237
(-1.2380) (-1.6807) (-1.0264) (-2.9254) (-3.0553) (-3.0346)
const 0.0004  0.0004  0.0004 0.0004  0.0004  0.0004
(32651)  (3.2401) (3.2875)  (3.1452)  (3.2687)  (3.3187)
R 0.09 0.01 0.02 0.08 0.01 0.01
nobs 587 587 587 587 587 587

The table reports coefficient estimates as well as t-statistics from regressing percentage changes in the Swiss franc to

euro exchange rate on the covariates listed in the first column of the table. The covariance matrix of the error term
has been estimated following Newey & West|(1987) and Newey and West (1994). AVIX, AVXY, and ACSFB denote
log differences of the VIX index of implied volatility in S&P index options provided by the CBOE, of JP Morgan’s
FX VXY option implied volatility index for the G7 currencies, and of the Credit Suisse First Boston Risk Appetite

Index respectively. spjp¢ denotes the percentage deviation of the Swiss franc to euro exchange rate from its lower
bound which has been set by the Swiss National Bank at CHF 1.20 per on EUR. The data is at daily frequency and
covers all days that were trading days in the US and Switzerland over the period from September 6, 2011 to January

31,2014.
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Table 4: Relationship between EURCHF and market fundamentals

Sept 2011 - Jan 2014 Jun 2010-Aug 2011 Apr 2009 - May 2010
AESTX50 x S 3.5949 -1.0169 0.5107
(3.6766) (-2.3577) (0.9391)
ABOND x S 4.3190 3.4622 -12.2105
(0.9755) (1.1352) (-4.4241)
AESTX50 -0.6664 0.4998 -0.1565
(-3.5889) (4.3201) (-0.7209)
ABOND -0.8757 -1.7055 4.7528
(-1.0324) (-2.0786) (4.2347)
S -0.0233 -0.0239 -0.0204 -0.0168 -0.0052 0.0005
(-3.2757) (-3.1350) (-1.7102)  (-0.9596) (-0.5153)  (0.0507)
const 0.0046 0.0048 0.0051 0.0035 0.0018 -0.0004
(3.3668)  (3.2386) (1.6435)  (0.7480) (0.4368)  (-0.1030)
R 0.11 0.01 0.21 0.06 0.05 0.06
nobs 563 587 311 311 283 283

The table reports coefficient estimates as well as t-statistics from regressing percentage changes in the Swiss franc to
euro exchange rate on the covariates listed in the first column of the table. The covariance matrix of the error term
has been estimated following [Newey & West| (1987) and Newey and West (1994). AESTX50 and ABOND denote
log differences of the EURO STOXX 50 Index and Barclay’s euro aggregate government bond index respectively. S
denotes the log level of the Swiss franc to euro exchange rate. The data is at daily frequency.
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Table 5: Relationship between EURCHF and market fundamentals

Sept 2011 - Jan 2014

Jun 2010-Aug 2011

Apr 2009 - May 2010

AVIX % S -0.4462 0.0041 -0.0863
(-3.3889) (0.0370) (-0.7715)
AVXY x S 0.1225 1.2477 0.0733
(0.2027) (5.0144) (0.1260)
ACSFB x S -0.2468 -0.3021 -0.2763
(-0.7816) (-1.4044) (-1.0668)
AVIX 0.0795 -0.0500 0.0252
(3.1539) (-1.7880) (0.5613)
AVXY -0.0278 -0.4101 -0.0511
(-0.2431) (-6.8264) (-0.2164)
ACSFB 0.0507 0.1298 0.1227
(0.8372) (2.2897) (1.1867)
s -0.0216  -0.0238  -0.0237 -0.0150 -0.0123  -0.0105 -0.0041  -0.0048  -0.0020
(2.9254) (-3.0553) (-3.0346)  (-1.1002) (-1.1504) (-0.7773)  (-0.4246) (-0.4910) (-0.1744)
const 0.0043  0.0047  0.0047 0.0031  0.0024  0.0020 0.0014  0.0017  0.0005
(3.0215)  (3.1531)  (3.1369) (0.8418)  (0.8471)  (0.5408) (0.3533)  (0.4233) (0.1167)
R 0.08 0.01 0.01 0.17 0.24 0.12 0.02 0.03 0.03
nobs 587 587 587 311 311 311 283 283 283

The table reports coefficient estimates as well as t-statistics from regressing percentage changes in the Swiss franc to

euro exchange rate on the covariates listed in the first column of the table. The covariance matrix of the error term
has been estimated following Newey & West|(1987) and Newey and West (1994). AVIX, AVXY, and ACSFB denote
log differences of the VIX index of implied volatility in S&P index options provided by the CBOE, of JP Morgan’s

FX VXY option implied volatility index for the G7 currencies, and of the Credit Suisse First Boston Risk Appetite

Index respectively. S denotes the log level of the Swiss franc to euro exchange rate. The data is at daily frequency.
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Table 7: Central bank variable

Date Central Bank  Event Source
06.09.11 SNB Swiss National Bank sets minimum exchange rate at CHF 1.20 per euro *
08.09.11 ECB Monetary policy decision i
15.09.11 ECB ECB announces additional US dollar liquidity-providing operations. **
15.09.11 SNB Monetary policy assessment of 15 September 2011 *
15.09.11 SNB Central banks extend provision of US dollar liquidity. *
30.09.11 ECB Results of the Euro Money Market Survey 2011 wx
06.10.11  ECB ECB announces second covered bond purchase program. ECB announces **
details of refinancing operations.
11.10.11 ECB Statement by EC, ECB and IMF on fifth review mission to Greece **
01.11.11 ECB New European Central Bank president **
03.11.11 ECB ECB lowers interest rates by 25 basis points. ECB announces details of its second covered **
bond purchase program.
16.11.11 ECB Statement by EC, ECB and IMF on second review mission to Portugal. **
21.11.11  SNB New agreement on the distribution of the SNB profit *
30.11.11 ECB Coordinated central bank action to address pressures in global money markets e
30.11.11 SNB Coordinated central bank action to address pressures in global money markets *
08.12.11 ECB ECB lowers interest rates by 25 basis points. ECB announces measures to support bank **
lending and money market activity.
15.12.11 SNB Monetary policy assessment of 15 December 2011 *
16.12.11 ECB ECB announces two one-day liquidity-providing fine-tuning operations. ok
22.12.11 ECB ECB allots €489 billion to 523 banks in first 36-mont longer-term refinancing operation. **
23.12.11 SNB Announcement by the Bank Council of the Swiss National Bank: Rumors concerning Chairman *
of SNB Governing Board prove to be without foundation.
07.01.12 SNB Bank Council of the Swiss National Bank tightens control. *
09.01.12 SNB Swiss National Bank Chairman, Philipp Hildebrand, resigns with immediate effect. *
13.01.12 SNB Swiss National Bank expects annual profit of CHF 13 billion and will be able to make distribution. *
19.01.12 ECB Statement by European Commission, ECB, and IMF on review mission to Ireland. o
09.02.12 ECB ECB approves eligibility criteria for additional credit claims. **
12.01.12 ECB Monetary policy decision i
28.02.12 ECB ECB temporarily suspends eligibility of Greek bonds as collateral. Statement by European Commission, =~ **
ECB and IMF on review mission to Portugal.
01.03.12 ECB ECB allots €530 billion to 800 banks in second 36-month longer-term refinancing operation. **
08.03.12 SNB Annual result of the Swiss National Bank for 2011 *
15.03.12 SNB Monetary policy assessment of 15 March 2012 *
04.04.12 ECB Monetary policy decision o
05.0412 ECB Assessment of a new direct link between securities settlement systems in the euro area. ok
18.04.12 SNB New SNB Governing Board: Thomas Jordan becomes Chairman, Jean-Pierre Danthine *
becomes Vice Chairman and Fritz Zurbriigg joins Board.
03.05.12 ECB Monetary policy decision e
04.06.12 ECB Statement by European Commission, ECB and IMF on review mission to Portugal **
06.06.12 ECB ECB announces details of refinancing operations with settlement in the period from o
11 July to 15 January 2013.
14.06.12 SNB Monetary policy assessment *
22.06.12 ECB ECB takes further measures to increase collateral availability for counterparties. o
25.06.12 SNB Swap agreement between the Swiss National Bank and the National Bank of Poland *
05.07.12 ECB ECB lowers rates. **
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Table 8: central bank variable cont’d

Date Central Bank  Event Source
12.07.12 ECB Statement by European Commission, ECB and IMF on review mission to Ireland **
20.07.12 ECB ECB suspends Greek bonds as collateral. **
02.08.12 ECB Monetary policy decision wx
27.08.12 SNB Swiss National Bank: No proposal for activation of countercyclical capital buffer *
06.09.12 ECB ECB announces technical features of Outright Monetary Transactions. **
11.09.12 ECB Statement by European Commission, ECB and IMF on review mission to Portugal. **
Greek Prime Minister visits the ECB.
12.09.12 ECB ECB extends the swap facility agreement with the Bank of England. ok
13.09.12 SNB Monetary policy assessment *
28.09.12 ECB ECB welcomes Spanish authority’s announcement on bottom-up stress test. **
04.10.12 ECB Monetary policy decision o
25.10.12 ECB Statement by European Commission and ECB on first review of financial assistance **
program for Spain.
31.10.12 ECB Ending of covered bond purchase program 2 (CBPP2) wx
08.11.12 ECB Monetary policy decision wx
19.11.12 ECB Statement by European Commission, ECB and IMF on review mission to Portugal. **
27.11.12 ECB ECB announces rescheduling of loan-level data reporting requirements. **
06.12.12 ECB ECB announces details of refinancing operations with settlement in the period o
from 16 January to 9 July 2013.
13.12.12 ECB ECB extends the existing swap arrangements with other central banks. wx
Mario Draghi welcomes agreement on SSM.
13.12.12 SNB Monetary policy assessment *
13.12.12  SNB Central banks extend swap arrangements until February 2014 *
18.12.12  SNB Swiss National Bank opens branch in Singapore. *
19.12.12 ECB ECB reinstates Greek bonds as collateral. **
20.12.12 SNB Decrees issued by the Swiss National Bank concerning systemic importance. *
10.01.13 ECB Monetary policy decision i
17.01.13 SNB Swiss National Bank expects annual profit of CHF 6 billion *
04.02.13 ECB Statement by European Commission and ECB on second review of financial **
assistance program for Spain
07.02.13 ECB Statement by European Commission, ECB and IMF on review mission to Ireland. **
13.02.13 SNB Countercyclical capital buffer: proposal of the Swiss National Bank and decision of the Federal Council =~ *
21.02.13 ECB Details on securities holdings acquired under the Securities Markets Program wx
07.03.13 ECB Monetary policy decision ok
14.03.13 SNB Monetary policy assessment *
15.03.13 ECB Statement by European Commission, ECB and IMF on review mission to Portugal **
22.03.13 ECB ECB announces changes to the use as collateral of certain uncovered xx
government-guaranteed bank bonds.
04.04.13 ECB Monetary policy decision wx
05.04.13 SNB Revision of financial market infrastructure oversight: Swiss National Bank *
launches consultation phase.
15.04.13 ECB Statement by the European Commission, ECB and IMF on the conclusion of the i
review mission to Greece.
18.04.13 ECB Statement by European Commission, ECB and IMF on review mission to Portugal **
02.05.13 ECB ECB reinstates Cypriot bonds as collateral. ECB lowers rates. **
09.05.13 ECB Statement by European Commission, ECB and IMF on review mission to Ireland. **
31.05.13 ECB ECB welcomes the introduction of separate EONIA and EURIBOR panels. **
03.06.13 ECB Cypriot President visits the ECB. **
06.06.13  ECB Monetary policy decision wx
20.06.13 SNB Monetary policy assessment *
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Table 9: central bank variable cont’d

Date Central Bank  Event Source
25.06.13 SNB Partial revision of National Bank Ordinance enters into force. *
28.06.13 ECB Eligibility of marketable debt instruments issued or guaranteed by the Republic of Cyprus. wHx
04.07.13 ECB ECB says that it expects key interest rates to remain at present or lower levels for **

an extended period of time.

05.07.13 ECB ECB reactivates eligibility of Cypriot bonds as collateral. **

18.07.13 ECB ECB strengthens its risk control framework. Statement by European Commission, **

ECB and IMF on the 11th review mission to Ireland.

01.08.13 ECB ECB welcomes Cypriot authority’s decision to conclude the resolution of the country’s major bank. ~ **
16.08.13 SNB SNB StabFund repays Swiss National Bank loan *
05.09.13 ECB Monetary policy decision i
12.09.13 ECB ECB welcomes European Parliament vote to create single supervisory mechanism. **
19.09.13 SNB Monetary policy assessment of 19 September 2013 *
27.09.13 ECB ECB adopts decisions to follow up on the review of its risk control framework. e
30.09.13 ECB Statement by European Commission and ECB on the fourth review of the financial **
sector assistance program for Spain

02.10.13  ECB Monetary policy decision o
03.10.13 ECB Statement by European Commission, ECB and IMF on review mission to Portugal **
10.10.13 ECB ECB and the People’s Bank of China establish a bilateral currency swap agreement. *Ex
31.10.13 ECB ECB establishes standing swap arrangements with other central banks. e
07.11.13 ECB ECB lowers rates. Statement by European Commission, ECB and IMF on review mission to Cyprus. — **
20.11.13 ECB ECB nominates Daniéle Nouy as Chair of the Supervisory Board of the SSM. **
21.11.13 ECB ECB suspends early repayments of the three year LTROs during the year end period. .
05.12.13 ECB Monetary policy decision e
16.12.13 ECB Statement by European Commission, ECB and IMF on review mission to Portugal. **
09.01.14 ECB Monetary policy decision i
24.01.14 ECB US dollar liquidity-providing operations as of 1 February 2014 et

The table lists the events that build the central bank event variable. These events consist of important actions or
statements by either the ECB or the SNB. The events concerning the SNB are collected from press releases available
athttp://www.snb.ch/en/ifor/media/id/media_releases?dsrp_446ddb0d.page=1 (*). ECB events are collected
from http://www.ecb.europa.eu/ecb/html/crisis.en.html (**), and from http://www.ecb.europa.eu/press/
pr/activities/mopo/html/index.en.html (***).
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Table 10: Correlation of changes in g(f) and other exchange rate fundamentals

A(ESTX50) ABOND AVIX AVXY ACSFB
A(TI(K =1.20,7) -0.2433 0.0221 0.2443 0.1700 -0.1329
p-value 4.9693e-09 0.5933 2.0093e-09 3.4525e-05 0.0013

The table shows correlation coefficients between changes in the risk-neutral probability that the Swiss franc notes
below CHF 1.20 to the euro with first differences of other potential exchange rate fundamentals, as well as p-values
for testing the hypothesis of no correlation against the alternative that there is a non-zero correlation. If the p-value
is small, say less than 0.05, then the correlation is significantly different from zero. ATI(K, T) denotes first differences
of the probability that the Swiss franc notes below 1.20 to the euro implied from the prices of currency options with
one month time to maturity. AESTX50 and ABOND denote differences of the EURO STOXX 50 Index and Barclay’s
euro aggregate government bond index, and AVIX, AVXY, and ACSFB denote first differences of the VIX index of
implied volatility in S&P index options provided by the CBOE, of the JP Morgan’s FX VXY option implied volatility
index for the G7 currencies, and of the Credit Suisse First Boston Risk Appetite Index respectively. The data is at
daily frequency and spans the period from September 2011 to January 2014.

Table 11: Nonlinear relationship between EURCHF and “intensity of realignment”

(Ag: Ag > 0) x (St —1.20) -3.6640
(-10.0732)
(Ag:Ag < 0) x (St —1.20) -5.6926
(-11.3800)
Ag x (S —1.20) -4.3598
(-11.9619)
Ag 0.0042 0.0031
(1.8460) (1.3202)
(S¢ —1.20) -0.0122 -0.0054
(-3.1246) (-1.4204)
Alog(S;_1) 0.1108 0.1074
(2.6213) (2.5221)
const 0.0001 0.0002
(1.2738) (2.8293)
R 0.63 0.61
nobs 586 586

The table reports coefficient estimates as well as t-statistics from running the following regression
Alog(Sy) = const+ B1Age x (S¢ —1.20) + BaAg: + B3 (St — 1.20) + BaAlog(Si—1)

where S; denotes the EUR/CHEF spot exchange rate observed at date ¢, and g; = IT(K = 1.20, 7) is the risk-neutral
probability implied by the prices of options with one month time to maturity that the Swiss franc notes below
EUR/CHF=1.20. A denotes first differences. The covariance matrix of the error term has been estimated following
Newey & West (1987) and Newey and West (1994). The data is at daily frequency and covers the period from
September 2011 to January 2014.
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