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Abstract

This paper studies the transmission of changes in short-term interest rates to longer-term
government bond yields when interest rates are at very low levels or negative. We focus on
Switzerland, where short-term interest rates have been at zero since late 2008 and negative
since the beginning of 2015. The expectations hypothesis of the term structure implies that
as nominal interest rates approach their lower bound, the effect of short-term rates on longer-
term yields should decline, and positive short rate changes should have larger absolute effects
than negative short rate changes. Contrary to studies of other countries, we find no evidence
for a decline in the effect of short rate changes for the low-interest rate period using Swiss
data. However, we do find evidence for the predicted asymmetric effect for positive and
negative short rate changes during the period when short-term rates are close to zero. This

asymmetry normalized again after the introduction of negative interest rates.
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1 Introduction

In the past few years, several central banks have moved their policy rates into negative territory.
The Danish central bank first introduced a moderately negative deposit rate of —0.05% in 2012.1
The European Central Bank gradually reduced its deposit rate into negative territory starting
in 2014, leading to a deposit rate of —0.4% in March 2016. The Swiss National Bank (SNB)
introduced negative interest rates on sight deposit account balances of —0.75% in January 2015
and thus pioneered cutting policy rates much deeper into negative territory. Denmark and
Sweden have since followed suit with similar sized cuts. And after more than seven years of
holding short-term interest rates at zero, the Bank of Japan cut its main policy rate to —0.1%
in January 2016. Bech and Malkhozov (2016) analyzed the rate cuts into negative territory by
the four European central banks and found that the transmission of modestly negative policy
rates to money market rates works the same way as with positive interest rates.

An important question for central banks is how short rate changes are transmitted to longer-
term yields, which are relevant for consumption and investment decisions. What makes the
transmission mechanism at very low interest rates special is the presence of a lower bound on
nominal interest rates. This lower bound has implications for the relationship between short- and
long-term interest rates, even when rates are still above the lower bound. Ruge-Murcia (2006)
used a simple term structure model to show that when nominal interest rates are constrained
by some lower bound, the expectations hypothesis of the term structure implies a nonlinear
relationship between changes in short-term interest rates and changes in longer-term yields.?
As short rates approach the lower bound, (1) the effect of short rates on longer-term yields
declines, and (2) the effect of short rates on longer-term yields becomes increasingly asymmetric,
with short rate increases having a larger absolute impact than short rate declines. These effects
work through market expectations of future short-term interest rates. The closeness to the lower
bound influences the distribution of likely future changes in the policy rate, and hence long-
term interest rates. Because market participants anticipate that future short rate shocks are
constrained by the lower bound on nominal interest rates, expected future short rates and the
yield curve are effected even when short rates are still above the lower bound. When short rates
are closer to the lower bound, a short rate decline will produce a smaller downward shift in
expected future short rates and thus also a smaller effect on long-term yields.

This paper investigates how changes in short-term interest rates transmit to longer-term
interest rates when the policy rate is at very low levels or negative. For this empirical analysis,
data for Swiss franc short and long-term interest rates are used. Switzerland is an interesting case
study for our purposes because the SNB has lowered interest rates further than any other central
bank. If the effective bound on nominal interest rates is the same across countries, then one
could argue that Swiss interest rates are closest to what constitutes an “effective lower bound”.

Therefore, if the nonlinearities predicted by term structure models such as Ruge-Murcia (2006)

!The Swedish central bank introduced negative interest rates to its deposit facility in 2009 for a short time
period, which was not binding for money markets.

?Lemke and Vladu (2016) discussed this nonlinearity in the context of a more complex shadow rate term
structure model that is estimated for the euro area.



are important in practice, it should be possible to detect them in the Swiss term structure. Our
empirical approach follows Ruge-Murcia (2006) and Grisse (2015): we regress daily changes in
long-term bond yields on positive and negative changes in short-term interest rates. To a allow
the strength of the comovements between short- and long-term interest rates to depend on the
interest rate level, we estimate this regression separately for four sub-samples.

The results can be summarized as follows. In the pre-crisis sample, which lasts until the
lower bound of the target range for the Swiss National Bank (SNB) for the Swiss franc 3-month
Libor reaches zero, we find no statistically significant difference between the impact of negative
and positive short rate changes on long-term interest rates. As short rates turn lower, the effect
of short rate increases rises, while that of short rate decreases remains stable. The difference
between these effects becomes statistically significant, as predicted by the Ruge-Murcia (2006)
model. However, the average effect of short-term rates on long-term yields increases compared
to the pre-crisis period, contrary to what theory predicts.

During the minimum exchange rate regime of the SNB, the impact of positive changes
in short-term rates vanishes but becomes statistically significant again after the introduction
of negative interest rates. Hence, the impact with negative interest rates is less asymmetric
for positive versus negative short rate changes than at times when the policy rate was at
the zero lower bound. This finding shows that the transmission from short-term to long-term
interest rates normalized after the introduction of negative interest rates, perhaps because that
introduction was associated with a decline in the market-perceived lower bound. While the
previous literature has found that the transmission to longer-term interest rates is impaired
when the policy rate is close to its perceived lower bound, we find that this has not been the
case in Swiss data. It also suggests that market participants changed their beliefs about the
level of the effective lower bound and do not consider the effective lower bound to have been
reached yet at the current policy rate of —0.75%.

In this paper we look at the general daily correlation between short- and long-term interest
rates, rather than at the transmission of policy rate changes. Nevertheless, our findings are
suggestive of the following important policy implications for the use of negative interest rates as
a monetary policy tool. First, the empirical results suggest that a move of policy interest rates
into negative territory not only transmits well to money market interest rates, but also to longer-
term interest rates such as government bond yields. Second, the results for the zero lower bound
period are consistent with the asymmetric effects of positive and negative short-rate changes
that are predicted by the Ruge-Murcia (2006) model. As short rates are normalized after a
period close to the lower bound, positive changes in the short term rate may have unusually
strong effects, and long-term yields may adjust very quickly to changes in the policy rate.

The remainder of this paper is structured as follows. The next section presents a summary
of the Ruge-Murcia (2006) model that motivates the empirical analysis. Section 3 summarizes
the developments in the implementation of monetary policy in Switzerland since the global
financial crisis. Section 4 presents the empirical analysis of the effects of Swiss franc short-term
on long-term interest rates, and section 5 provides several robustness checks of the analysis.

Finally, section 6 concludes.



2 Theoretical motivation

We use the model of Ruge-Murcia (2006) as a theoretical framework for analyzing the trans-
mission of short-term interest rates to longer-term rates. This is a simple shadow rate term
structure model consisting of three equations. First, nominal interest rates are constrained by
a lower bound: the short-term rate is equal to the “shadow interest rate” if that rate is above
the lower bound and is equal to the lower bound otherwise.? Second, the shadow interest rate
follows an autoregressive process. Third, longer-term yields are equal to average expected fu-
ture short rates (the expectations hypothesis) plus a term or liquidity premium. The model
admits an analytical solution if one assumes a simple autoregressive process and normally dis-
tributed shocks for the shadow short rate equation. Simulations show that the insights from this
analytical solution generalize to more general stochastic processes for the shadow short rate.

One shortcoming of the Ruge-Murcia model, as well as of related term structure models, is
the implicit assumption that the short-term interest rate is the only monetary policy instrument,
and that all information that is relevant for long-term bond yields is contained in short-term
interest rates. Because of this assumption, the model may not be a good description of term
structure dynamics in periods where the central bank affects long-term bond yields directly
via communication (for example through forward guidance) or through purchases of long-term
bonds (quantitative easing).

The model predicts that when nominal interest rates are constrained by a lower bound, the
expectations hypothesis of the term structure implies a nonlinear relationship between changes
in short-term interest rates and changes in longer-term yields. As short rates approach the
perceived lower bound, (1) the effect of changes in short-term interest rates on changes in long-
term yields declines, and (2) the effect of changes in short-term interest rates on long-term yields
becomes increasingly asymmetric, with positive changes in short-term interest rates exhibiting
a larger absolute impact than negative changes.

The intuition for these results is as follows. Suppose markets view future positive and neg-
ative interest rate shocks as equally likely. Furthermore, suppose that short-term rates are at
0.5% and that the market-perceived lower bound is zero. While a future shock to the shadow
short rate of +1 percentage points would raise short rates to +1.5%, a shock of —1 percentage
points would only lower short rates to zero. Market participants anticipate that the effects of
future shocks on short rates are constrained by the lower bound on nominal interest rates in
this way. Therefore, expected future short rates and the yield curve are affected by the presence
of the lower bound, even in an environment where short rates are still positive. As short rates
move closer to the lower bound, a short rate decline will result in a smaller downward shift in
expected future short rates and therefore also a smaller drop in long-term yields.

Ruge-Murcia (2006) estimates his model using Japanese data, and other studies have more
recently looked at US data (e.g., Grisse, 2015). These studies find that the transmission of

3Lemke and Vladu (2016) and Grisse et al. (2017) generalize Ruge-Murcia’s model by allowing for a varying
and possibly non-zero lower bound on the short-term nominal interest rate. This allows them to study the effects
of changes in the market-perceived lower bound.
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Figure 1: EURCHF exchange rate.

declines in short-term interest rates to the rest of the term structure becomes weaker as nom-
inal rates approach zero. There are no previous studies using negative nominal rates, because
sufficiently long time series with negative policy rates have not previously been available. The
recent Swiss experience with negative policy rates since January 2015 gives us the opportunity
to study the relationship between short- and long-term interest rates when nominal rates are

well below zero.

3 Swiss monetary policy implementation

The cornerstone of Swiss monetary policy strategy is an announced target band for the level
of the market-determined 3-month Swiss franc interbank interest rate, the 3-month Libor. The
announced target band is chosen to be consistent with an outlook for the medium-term inflation
rate of below two percent. Before the financial crisis, the SNB implemented its strategy using
as its main tool the interest rate on one-week repo liquidity providing operations with its
counterparties to steer short-term money market interest rates toward the announced target
band. The one-week repo rate was adjusted frequently to keep the 3-month Libor rate close to the
middle of its announced target band. Monetary policy implementation changed as Switzerland
was affected by the global financial crisis in 2008-2009. Because of adverse financial as well as
real shocks and an unprecedented appreciation of the Swiss franc linked to its safe haven status
(see Figure 1), the outlook for Swiss economic activity and inflation worsened abruptly.

As a response, the SNB lowered its mid-point of the target band for the 3-month Libor
gradually starting in the second half of 2008, reaching 0.50 percent in the first half of 2009 (see



Lehman Introduction floor Introduction NIR —

percent

— ‘SNB 1arge‘t range ‘ S—m?nth CHF ITibor ------ ‘- 3—m0ntr‘1 ols | | | | | | | | ‘

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016

Figure 2: CHF money market interest rates since 2000.

Figure 2). In 2009, the SNB introduced new and unconventional monetary policy instruments.
In March 2009, a small asset purchase program was announced and carried out. Moreover, an
implicit ceiling for the strength of the Swiss franc against the euro was announced and enforced
through foreign exchange interventions.* The continuing persistent pressure on the Swiss franc
culminated in a series of liquidity expansions in August 2011 and the introduction of a minimum
exchange rate against the euro in September 2011.% The minimum exchange rate policy was in
place until January 2015.

Through these various unconventional measures, the resulting liquidity surplus of the SNB
counterparties grew immensely between 2009 and 2015. As a result, the liquidity in the Swiss
money market, especially in the unsecured market, fell dramatically during those years as banks
became satiated in liquidity (see Guggenheim et al. 2011). The SNB’s liquidity-providing repo
operations were suspended for roughly a year in May 2010 and finally discontinued in April
2012.5

The SNB’s tools for monetary policy implementation during the period of March 2009 to Jan-
uary 2015, namely liquidity-providing asset purchases and foreign exchange interventions, also
affected long-term interest rates through term and risk premiums (Christensen and Krogstrup,
2015). The measures did, however, also succeed in affecting the 3-month Swiss franc Libor rate

within its target band, and this variation is what we take advantage of in our empirical analy-

4See Kettemann and Krogstrup (2014) for an overview of these new measures and an analysis of the SNB’s
covered bond purchase program in 2009-2010.

®See Christensen and Krogstrup (2015) for an analysis of the impact of these measures on interest rates.

5To absorb the liquidity created in the foreign exchange interventions, the SNB conducted liquidity-absorbing
repo operations between July 2010 and August 2011. With the introduction of the minimum exchange rate, the
SNB again conducted minor liquidity-providing repo operations until April 2012.
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sis. Notably, the unprecedented liquidity expansions of August 2011 succeeded in pushing the
3-month Libor along with other money market interest rates to near zero, reflecting the easing
effect of the measures taken. To control for the effect of unconventional monetary policy and the
large expansion of the SNB’s balance sheet, we will include the changes in the total of banks’
sight deposits held at the SNB.

Inflation perspectives worsened anew in Europe starting in mid-2014, resulting in a further
loosening of the ECB’s monetary policy stance and renewed pressures on the Swiss franc. On
December 18, 2014, the SNB announced a lowering of the target range for 3-month Libor
into negative territory of —0.75% to 0.25%. This was the first time that the mid-point of
the SNB’s target range for the 3-month Swiss franc Libor became negative. To achieve this
lowering of short-term money market rates into negative territory, the SNB introduced negative
interest on banks’ sight deposits held by the SNB (the equivalent of central bank reserves) and
simultaneously announced that it would be set at —0.25%. The change was only to come into
effect on January 22, 2015, because of a required change in the terms of business with the SNB’s
counterparties. On the 15th of January 2015, however, at the same time as the announcement
of the exit from the minimum exchange rate regime, interest rates on sight deposits were further
lowered to —0.75%, again taking effect on January 22, 2015. The target range for the 3-month
Libor was further lowered to —1.25% from —0.25%. From January 2015 onward, the SNB’s main
tool for monetary policy implementation was again a short-term interest rate. At the same time,
the SNB continued to emphasize its willingness to be active in the foreign exchange market as

necessary.
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Figure 4: Swiss government bond yields, constant maturity.

Swiss franc money market rates reacted significantly to the introduction of negative interest
rates. The response of the 3-month Swiss franc Libor to the announced lowering into negative
of the target band was immediate, as shown in Figure 3. Additionally, the future contracts on
the 3-month Swiss franc Libor as well as the 3-month fixed rate for overnight indexed swaps
(OIS), SARON, the overnight rate for secured Swiss franc liquidity and the 3-month treasury
bill rate reacted consistently and have since then been within the SNB’s target range. Thus, the
transmission of the change in the policy rate to money market interest rates worked well. Long-
term interest rates also reacted immediately to the two announcements. In particular, on the
15th of January 2015, long-term interest rates fell within a few minutes by 20 to 30 basis points.
Swiss government bond yields of horizons up to 10 years turned negative in January 2015, with
5-year yields falling to —1% and 10-year yields falling as far as —0.3% (see Figure 4), suggesting a
strong transmission to long-term yields. The announcements of rate cuts into negative territory
likely moved market perceptions of where the lower bound on interest rates is located, as well
as simultaneously lowering the policy rate. Moreover, the simultaneous discontinuation of the
minimum exchange rate policy resulted in strong upheaval in global financial markets. Long-
term interest rates may have responded to all of these factors at that event. As we wish to
separately identify the effect of the policy rate, we add dummies for these particular events to

the time series regressions below.
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4 Empirical analysis

In the following, we investigate empirically whether the transmission of short-term interest rate
movements to longer-term yields changes when interest rates are close to zero or negative. The
experience with negative policy rates in recent years in Switzerland lends itself particularly
well to investigating these effects. Interest rates in Switzerland have been close to zero for a
substantial period of time, and they have been negative since late 2014. This makes Switzerland
an ideal case study for detecting the nonlinearities predicted by the Ruge-Murcia (2006) model.
Moreover, to the best of our knowledge, Swiss data are previously unexplored for these purposes.

The empirical approach we take is an adaptation of the time series approach of Ruge-
Murcia (2006) and Grisse (2015) to the specific Swiss circumstances. Using time series regression
techniques, we assess the association between the Swiss short-term interest rate, as a measure
of the policy rate, and long-term interest rates. To capture the nonlinearities predicted by the
model, we allow this association to depend on the level of the short-term interest rate — in
the baseline specifications, this is achieved by splitting the sample into different subsamples
(pre-zero lower bound (ZLB), ZLB and negative interest rate (NIR) period) — and we allow it

to differ depending on whether the short-term interest rate is increasing or declining.

4.1 Baseline time series regressions

Our empirical approach follows the work by Ruge-Murcia (2006) for Japanese bond yields (1995-
2001) and by Grisse (2015) for the US term structure (1990-2014). Our baseline regression is

ARy = Bo + B11(Ary > 0)Ary + Bol(Ary < 0)Ary + € (1)

Here, AR; denotes changes in long-term interest rates, Ar; denotes changes in short-term in-
terest rates, and 1(-) is an indicator function to differentiate between positive and negative
changes in the short-term interest rate. According to the model, both 1 and (5 are expected
to be positive: long-term yields should move in the same direction as short-term interest rates,
reflecting the expectations hypothesis of the term structure.

As discussed in section 2, standard term structure models suggest that as nominal interest
rates approach the lower bound, the average size of both 5; and 2 should decline, while 3 is
expected to become increasingly larger than fs. To investigate whether this effect predicted by
the theory is present in the data, we estimate regression (1) and compare the coefficients for
four sub-samples: a reference period where policy rates are well above zero; a zero lower bound
(ZLB) period where policy rates are close to zero; the floor period where the SNB enforced
a minimum exchange rate for the Swiss franc against the euro; and the negative interest rate
(NIR) period. Based on the theory we expect to find that 3 > 32 across subsamples, and that
B1 and (2 are both larger in the reference period than in the later subsamples where interest
rates were close to their effective lower bound. The effective lower bound might have changed in
the low-interest rate period, and in particular with the introduction of negative interest rates.

Therefore, it is note clear how the magnitude of the coefficients should change between the ZLB,

11



floor and NIR periods.

Swanson and Williams (2014) and Grisse (2015) use 1990-2000 as their reference sample
in related empirical work on US data. Because of limited data availability and changes in the
SNB’s monetary policy framework between 1999 and 2000, our sample starts on 1 January 2000.
Our reference period includes the time period when the SNB’s 3-month target range was above
zero, i.e., the days before 11 December 2008, with the exception of the period between 7 March
2003 and 16 April 2004. The days between 7 March 2003 and 16 April 2004, together with the
period of 12 December to 2 August 2011, are used in the ZLB period. During this time period,
the target range was set to 0-1%, and short-term interest rates fluctuated slightly above zero
(see Figure 2). The minimum exchange rate (floor) period used in the model lasts from 3 August
2011 until 17 December 2014. As of 3 August 2011, the SNB narrowed the target range, lowered
the upper bound to 0.25% and intended to increase the banks’ sight deposits to CHF 80 bn.”
Consequently, money market interest rates declined towards zero. Approximately one month
later, the SNB introduced the floor for the Euro-Swiss franc exchange rate. On 18 December
2014, the SNB announced the introduction of negative interest rates on sight deposits. This
event starts the NIR sample period, which lasts until the end of our sample (31 March 2017).

Which interest rate should be used as short-term interest rate r; in regression (1)? The
natural choice seems to be the SNB’s policy rate, the 3-month Swiss franc Libor. Libor is a
trimmed mean of the rates at which eleven panel banks are able to borrow in Swiss franc in the
London interbank market prior to 11 a.m. London time.® However, using Libor in regression
(1) has several drawbacks. Libor represents the prices for unsecured interbank funding and thus
includes a risk premium. For a long time, the risk premia were close to zero. However, during the
global financial crisis, the risk premium for unsecured funding increased heavily, and the Libor
rates increased accordingly. Moreover, the fixing of the Libor rates as of noon central European
time complicates its use in (1), as data for long-term yields AR; are usually available per end-of-
day. Because of the risk premia included in the Libor rates and the time of the fixing, we chose
not to use the Libor rates as explanatory variable. Instead, we use as the independent variable
the 3-month OIS rate, which is the fixed rate in an interest rate swap with an overnight rate as
floating leg. In a 3-month Swiss franc OIS, for example, the counterparty pays the overnight rate
TOIS-fixing during three months and receives the fixed 3-month OIS rate in exchange. The OIS
rate can be considered as a risk-free interest rate, as no principal is exchanged. Moreover, the
3-month OIS incorporates the expected outcome of the SNB’s next monetary policy assessment,
as policy meetings regularly take place four times a year. In contrast to very short-term money
market rates, the 3-month OIS is not driven by short-term liquidity management considerations
by banks, as is the case for overnight and one-week interest rates. We use the so-called last prices
available on Bloomberg for OIS rates, usually traded at approximately 5 p.m. Central European
Time (CET).

As long-term interest rates we use Swiss government bond yields, also referred to as Swiss

Confederation bond yields. Currently, outstanding Swiss government bonds are worth CHF 77

"See the SNB press release from 3 August 2011.
8For more information on Libor, see https://www.theice.com/iba/libor.
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bn (including own tranches issued), which amounts to approximately 12% of Switzerland’s GDP.
The Swiss confederation has the highest credit rating, and yields on its bonds can be considered
a good proxy for nearly risk-free long-term interest rates. We use yields of bonds with a constant
time to maturity of 2, 5, 7, 10, 15 and 20 years, available on Bloomberg on an end-of-day basis

(last prices, usually traded between 5 and 6 p.m. CET).

4.2 Results

Table 1 shows the results for the baseline regression across the four sample periods. The results
for the reference period, where interest rates were well above the lower bound, can be summa-
rized as follows. Both coefficients are positive and well below one: as expected long-term bond
yields tend to move in the same direction as short-term rates, but not one-for-one. This is in line
with the expectations hypothesis of the term structure. The coeflicients are typically smaller
for longer maturities of the yields used as the dependent variable. Hence, short-term interest
rates have a higher impact on shorter term government bond yields, which is consistent with the
findings for US data in Grisse (2015). The null hypothesis that the coefficients on positive and
negative short rate changes are equal cannot be rejected, which is intuitive as the non-linearities
induced by the presence of the lower bound on nominal interest rates are not important when
interest rates are well above that lower bound.

In the ZLB period, the coefficients on both positive and negative changes in short-term inter-
est rates increase relative to the reference period — contrary to the predictions of Ruge-Murcia
(2006), and at odds with the findings of Grisse (2015) for the US. The effect of positive short
rate changes increases more strongly than that of negative short rate changes. Quantitatively,
the resulting asymmetry is much larger than suggested by the results of Swanson and Williams
(2014) and by the simulations in Ruge-Murcia (2016). However, the null hypothesis that these
coefficients are equal cannot be rejected.

In the floor period, the effect of positive short rate changes on long-term yields vanishes.
In contrast, negative short rate changes still exhibit a significant link with long-term yields,
even though interest rates are already close to zero. This may be because negative interest rates
were considered by market participants as a potential tool for the SNB to reduce the pressure
on the Swiss franc, which is in line with the fact that at certain times during the minimum
exchange rate regime, future contracts for 3-month Libor futures implied negative Libor rates.
Thus, although interest rates were close to zero, they may have still been some distance away
from the market-perceived lower bound. With 31 negative (but close to zero) and Bg positive
and significant, the null hypothesis that 5, = 2 can be rejected for most maturities — but for
different reasons than suggested by the theory: as discussed in section 2, based on theory we
would have expected 51 > fs.

In the NIR period, the impact of positive short-rate changes on long-term yields normalizes
again. Contrary to the predictions of the theory, both 51 and 82 are larger than in the reference
period. The R? of the regression rises considerably relative to the earlier periods. Again, the fact

that the coefficients for negative changes remain statistically significant suggests that market
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Table 1: Baseline regression

AR; = gov. bond yields 2-year 5-year 7-year 10-year 15-year  20-year

Reference period

1(Ary > 0)Ary 0.308  0.281%* (.278%** 0.152* 0.194* 0.094
(-0.176)  (-0.088)  (-0.077)  (-0.074) (-0.08)  (-0.059)
1(Ar < 0)Ary 0.464%FF  (0.313%*  (0.320%**  0.218**  0.272%*  (.213**
(-0.106)  (-0.111)  (-0.094)  (-0.068)  (-0.083)  (-0.072)
Constant 0.001 0.000 0.000 0.000 0.001 0.000
(-0.002)  (-0.001)  (-0.001)  (-0.001)  (-0.001)  (-0.001)
No. of obs. 1307 1310 1310 1310 1304 1171
R? 0.068 0.088 0.094 0.04 0.064 0.029
Hy: p-value 0.491 0.841 0.76 0.554 0.547 0.255
ZLB period
1(Ary > 0)Ary 0.637FFF  0.751FF*  0.726%**  0.744***  0.637** 0.457*
(-0.146) (-0.19)  (-0.172)  (-0.183)  (-0.203)  (-0.219)
1(Ary < 0)Ary 0.486%**F  0.562%F*  0.473%**  0.477***  0.346%*  0.374**
(-0.133)  (-0.118)  (-0.118)  (-0.144)  (-0.123)  (-0.133)
Constant -0.001 -0.002 -0.002 -0.002 -0.003 -0.002
(-0.001)  (-0.001)  (-0.001)  (-0.001)  (-0.001)  (-0.002)
No. of obs. 841 841 841 839 828 790
R? 0.053 0.039 0.037 0.037 0.023 0.017
Hy: p-value 0.477 0.421 0.245 0.28 0.245 0.762
Floor period
1(Ary > 0)Ary -0.276%* -0.032 -0.177 -0.043 -0.071 -0.022
(-0.101)  (-0.086)  (-0.099)  (-0.096)  (-0.089)  (-0.092)
1(Ary < 0)Ary 0.311%FF%  (.299** 0.393*%  0.505%*%%  (0.496%**  (.452%**
(-0.076)  (-0.091)  (-0.153)  (-0.153)  (-0.141) (-0.119)
Constant 0.004** 0.002 0.002 0.002 0.003* 0.002
(-0.001)  (-0.001)  (-0.001)  (-0.001)  (-0.001)  (-0.001)
No. of obs. 682 685 605 676 675 682
R? 0.035 0.026 0.02 0.057 0.056 0.052
Hy: p-value 0 0.011 0.005 0.006 0.002 0.004
NIR period
1(Ary > 0)Ary 0.688*%  0.680** 0.550%* 0.372 0.441* 0.548*
(0.302) (0.231) (0.213) (0.190) (0.193) (0.231)
1(Ary < 0)Ary 0.672%FFF  (0.683%F*  (0.486***  (.384*** 0.346* 0.276
(0.135) (0.158) (0.120) (0.105) (0.117) (0.154)
Constant 0.001 0.000 0.000 0.000 0.000 -0.001
(0.002) (0.001) (0.001) (0.002) (0.002) (0.002)
No. of obs. 477 477 477 477 476 477
R? 0.149 0.210 0.125 0.067 0.058 0.058
Hy: p-value 0.964 0.990 0.805 0.958 0.689 0.357

Notes: Robust standard errors in parentheses.

Statistical significance indicated with *** if p < 0.001, ** if p < 0.01 and * if p < 0.05.
r¢ denotes the Swiss franc 3-month OIS.

Hy : 1 = B2 in regression (1).
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participants expect short-term interest rates not to have reached the effective lower bound,
which is in line with occasionally very negative 3-month Swiss franc Libor futures (as low as
—1.2%) after the introduction of negative interest rates. Market participants might also have
changed their expectations about how long interest rates will stay at low levels.

Overall, these findings are mostly hard to reconcile with the predictions of standard shadow
rate term structure models. The average effect of short-rate changes on longer-term yields — i.e.,
the average of Bl and (2 — decreases with the interest rate level (we observe higher levels in
the coefficients after 2008, when interest rates were low), rather than increasing as predicted.
One potential explanation is that our regression framework may not be well suited to describe
term structure movements during the periods where the SNB was active on the FX-market.
Regression (1) is motivated by the idea that the central bank conducts monetary policy through
changes in short-term interest rates, which then transmit to longer-term yields. In recent years,
however, SNB monetary policy was marked by interventions on the foreign exchange market.
These interventions increased liquidity, which could have affected long-term bond yields. In
this case, one might expect movements in long-term yields to have been largely disconnected
from short-term interest rates during this period. Alternatively, causality could have run from
long-term to short-term rates, rather than vice versa, biasing the regression coefficients. To
control for the effects of increases in liquidity due to FX interventions, one possibility is to
include changes in SNB sight deposits as an additional variable in the regression. However, in
the robustness checks below we find that this does not resolve the puzzle.

The asymmetry between the two coefficients that is implied by standard term structure
models is present in the ZLB period only (however not at a statistically significant level), when
the coefficients for positive changes increase. In contrast, in the floor period, positive changes
in short-term rates had no effect on long-term interest rates at all. After the introduction of
negative interest rates, the link between short- and long-term interest rates strengthened again
relative to the floor period. One potential explanation is that the introduction of negative
interest rates led to a reduction in the market-perceived lower bound, and thus increased rather
than decreased the distance of interest rates from the lower bound. The finding that coefficients

in the NIR period are larger than in the reference period is at odds with the theory.

5 Robustness

5.1 Alternative measures for long-term rates and additional control variables

The overview of recent changes in Swiss monetary policy implementation in section 3 suggests
a number of necessary robustness checks. In particular, we want to make sure that the results
are not driven by additional factors that could be correlated with monetary policy and that the
results are robust to the choice of interest rates.

Between September 2011 and January 2015, the SNB implemented a minimum exchange
rate for the Euro/CHF exchange rate and had to intervene in the foreign exchange market

to enforce this exchange rate floor, thereby increasing the Swiss franc reserves in the system
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significantly. Accordingly, the SNB enlarged its balance sheet and its foreign currency reserves.
In contrast to a classical Quantitative Easing program where the central bank buys domestic
bonds, the SNB invested the purchased Euros in bonds denominated in foreign currency. The
easing thus did not directly influence Swiss long-term interest rates. However, Christensen and
Krogstrup (2016) argue that an expansion in reserves itself may lead to additional portfolio
balance effects and thus influence long-term yields. To control for these effects, we include the
change in the level of central bank reserves as an additional control variable.

Short-term interest rates can spike at month ends or at the end of a minimum reserve
requirement (mire) period, as banks require short-term funding on such dates. Portfolio rebal-
ancing operations at month ends may also affect long-term yields. To control for such effects,
indicator variables for days at the end of a month and the end of a minimum reserve require-
ment period are included. Additionally, dummies for dates of monetary policy decisions are
included to control for expected monetary policy changes. Finally, we control for measures of
global financial market risk aversion, using first differences of the VIX index, to pick up risk
premium movements. Global risk aversion is likely to affect Swiss term premia through safe
haven demand (negative) as well as through risk premiums directly (positive), and we do not
know a priori what sign to expect.

We also try alternative measures of long-term interest rates. First, we use the fixed leg of
interest rate swaps (IRS) in place of government bond yields in the baseline specification. As for
OIS rates and Swiss government bond yields we use end-of-day data for IRS rates, i.e. last prices
available on Bloomberg, usually traded between 6 and 7 p.m. CET. Second, we use the popular
term structure model of Adrian et al. (2013) to split Swiss government bond yields into expected
average future short-term interest rates and a residual (the term or liquidity premium).” We then
use the estimated expected average short-term rates as dependent variables in our regressions.
We consider this to be a useful innovation relative to previous empirical work: the nonlinearities
predicted by the Ruge-Murcia (2016) model rely purely on the expectations hypothesis of the
term structure, so that changes in term premia in this context represent “noise” that makes it
more difficult to identify these nonlinear effects in the data.

Tables 3 and 4 in the appendix present an overview of the robustness tests with additional
control variables and the use of IRS as dependent variable. The results from the baseline re-
gression are robust to these alternative specifications: in the baseline period, both coefficients
are positive and in most cases statistically significant but not significantly different from each
other. The impact of changes in short-term rates decreases with the maturity of the long-term
interest rates. During the ZLB period, the coefficients for positive changes in short-term rates
increase substantially, while those for negative changes in short-term interest rates either remain
unchanged or even become statistically insignificant when controlling for additional variables.
In the floor period, the coefficients for positive changes in short-term rates become insignificant,
while those for negative changes become significant again. The difference between the two is

now significantly different from zero. In the NIR period, the coefficients normalize again and

9We thank Benjamin Brunner for making these estimates available. The term structure model is estimated
using the 1-year IRS rate as measure of the short-term interest rate.
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approach the levels of the reference period. The transmission of short-term to long-term interest
rates thus seems to work better than during the previous two periods. First, the coefficient for
positive changes in short-term interest rates becomes statistically significant. Once again, the
null hypothesis that 81 = 82 cannot be rejected. Second, as in the reference period, the effect of
short-term interest rates on long-term interest rates declines with the maturity of the long-term
yield.

The additional control variables are rarely statistically significant.'® Changes in the amount
of SNB sight deposits show a significant although very small negative impact in the ZLB and
NIR periods. An increase in sight deposits thus leads to a decrease in long-term interest rates
with a maturity of up to 5 years. Balance sheet increases, notably due to foreign exchange
interventions or liquidity expansions, are thus associated with a decrease in long-term yields,
which is also consistent with a term premium effect of such measures as identified in Christensen
and Krogstrup (2016). Furthermore, the dummy capturing SNB policy decisions exhibits a
positive significant coefficient in the NIR period, indicating an additional decrease in long-term
interest rates when the policy rate was cut. The VIX index has a statistically significant but
economically small effect in the ZLB period, with Swiss long-term yields declining when then
VIX index increases. The effect of the index reflects the safe-haven status of Swiss government
bonds.

Table 5 in the appendix presents the results when using expected average short-term rates
as dependent variables. The results are consistent with those from the baseline specification.
Adjusting for the term premium reduces the coefficients in the NIR period, which are now more
in line with the reference period. Again, this suggests that the transmission from short- to long-
term interest rates worked well in the NIR period. In contrast, in the ZLB period, coeflicients for
positive changes in short-term rates remain elevated, indicating once more that the transmission

was weaker than in the reference and the NIR periods.

5.2 An alternative specification

The Ruge-Murcia (2006) model predicts that longer-term yields respond more strongly to pos-
itive than negative short rate changes, at a given interest rate level. Our baseline regressions,
following the earlier empirical literature, tried to capture this effect by considering subsamples
such that within each sample, short-term interest rates are either well above zero (where lower
bound effects would not be expected to matter much anyway) or exhibit only small changes at
low levels. An empirical approach that perhaps more accurately captures the effects predicted
by the theory is to introduce an interaction term with the (lagged) interest rate level — as a
measure of the extent to which the lower bound is binding — and short rate changes. We consider

the following regression specification as an alternative to the baseline specification:

ARy = Bo + Bi1Ary X (re—1 — Te—1) + PeAre + P3(ri—1 — Te—1) + €& (2)

0Details are available from the authors upon request.
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where (r;—1 —7;—1) denotes the difference between the level in short-term interest rates and the
observed lower bound in interest rates.!! We estimate this specification over the whole sample
period using 3-month OIS rates as measure of the short term interest rate (as in the baseline
specification), adding the same control variables as used in section 5.1. According to the model,
1 and By are expected to be positive. That is, the effect of short-term interest rates on long-term

interest rates should increase with the distance of interest rates from their lower bound.

Table 2: Alternative specification

AR; = gov. bond yields  2-year 5-year 7-year  10-year 15-year  20-year

Ary % (ry—1 — F1_1) 0.002  -0.079* -0.089* -0.086* -0.069 -0.094*
(0.044)  (0.037)  (0.035)  (0.037)  (0.037)  (0.033)
Ary 0.353"* 0417 0427 0.343"* 0.345*** (.328**"
(0.071)  (0.069)  (0.067)  (0.066)  (0.065)  (0.063)
(1 — 71 -0.001  -0.000  0.000  0.000  0.000  0.000
(0.001)  (0.001)  (0.001)  (0.001)  (0.001)  (0.001)
Constant 0.001  -0.000  0.000  -0.000  -0.000  -0.000
(0.001)  (0.001)  (0.001)  (0.001)  (0.001)  (0.001)
No. of obs. 3118 3123 3046 3114 3098 2948
R? 0.073  0.077 0078  0.044 0051  0.035

Notes: Robust standard errors in parentheses.

Statistical significance indicated with *** if p < 0.001, ** if p < 0.01 and * if p < 0.05.
r; denotes the Swiss franc 3-month OIS.

7 denotes the all-time observed lower bound in central bank policy interest rates.

Table 2 shows the results for different maturities of government bond yields, which are in
line with the previous findings. 55 is positive and statistically highly significant. The magnitude
of B2 is comparable with the average of 81 and 2 in the baseline specification: a change in the
short-term interest rate by one basis point implies a change in the long-term rate of roughly
0.3-0.4 basis point. The impact tends to decrease with the duration of the long-term rate. The
coeflicients for the interaction term, 1, are negative, but small and statistically significant at
the 10% level for only five of seven maturities. Therefore, the effect of changes in short-term
rates on long-term yields decreases with the interest rate level. This is in line with the results

presented before, but at odds with the theory.

6 Conclusion

This paper studies the transmission of changes in short-term interest rates to longer-term gov-
ernment bond yields when short-term rates are close to zero or negative, focusing on Switzerland.
While standard term structure models predict that the impact of short rate changes on longer-
term yields should decline as interest rates approach the lower bound, we instead find for Swiss

data that this effect was larger during much of the lower bound period than during the pre-crisis

"The lower bound 7; is defined as the lowest policy rate level ever set among major central banks up to date
t, see Grisse et al. (2017).
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period. During the period where short-term interest rates are close to zero, the transmission
of short-term interest rates becomes asymmetric — positive changes in short-term interest rates
have a larger impact on long-term interest rates than negative changes in short-term interest
rates. This finding is in line with the theory, although quantitatively larger than expected. Since
the SNB has implemented negative interest rates on sight deposits, the strength of this asym-
metry has decreased again, suggesting that the transmission from short-term interest rates to
long-term interest rates improved.

In this paper we focus on the day-to-day comovements of short- and long-term interest rates,
rather than just on the impact of policy rate changes after SNB policy decisions. Therefore,
our results cannot directly be interpreted with respect to the strength of the transmission
of policy rate changes. Nevertheless, our findings are at least consistent with the following
interpretation. First, the transmission of short rate cuts to longer-term yields works in negative
territory. Second, as short rates are normalized after a period close to the lower bound — as
observed between fall 2008 and fall 2011 — positive changes in short-term interest rates may
have unusually strong effects, and long-term interest rates may adjust very quickly to changes

in the policy rate.
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Appendix: robustness checks

Table 3: Robustness with additional control variables

AR; = gov. bond yields 2-year 5-year T-year 10-year  15-year 20-year

Reference period

1(Ary > 0)Ary 0.318  0.306***  0.299*** 0.166* 0.212* 0.097
(-0.182)  (-0.092)  (-0.078) (-0.08)  (-0.088) (-0.06)
1(Ar; < 0)Arg 0.363*%**  0.239%F  (0.239*%**  0.190** 0.218*%*  0.153**
(-0.093)  (-0.078)  (-0.062) (-0.07)  (-0.071)  (-0.056)
Constant 0.000 -0.001 0.000 0.000 0.001 0.000
(-0.002)  (-0.001)  (-0.001)  (-0.001) (-0.001)  (-0.001)
No. of obs. 1238 1241 1241 1241 1235 1111
R? 0.074 0.102 0.111 0.048 0.075 0.039
Hy: p-value 0.840 0.617 0.590 0.841 0.963 0.531
ZLB period
1(Ar, > 0)Ar, 0.704%** 0.779%FF  (.788%**  (.788*F*  0.686** 0.466*
(-0.149)  (-0.197)  (-0.183)  (-0.194) (-0.217)  (-0.234)
1(Ary < 0)Ary 0.318  0.464** 0.295 0.326 0.192 0.321
(-0.196)  (-0.179)  (-0.198) (-0.23) (-0.2)  (-0.219)
Constant -0.002 -0.003* -0.003* -0.003  -0.004* -0.002
(-0.001)  (-0.001)  (-0.001)  (-0.002) (-0.002)  (-0.002)
No. of obs. 791 791 791 790 782 749
R? 0.080 0.047 0.050 0.045 0.035 0.021
Hy: p-value 0.163 0.281 0.101 0.172 0.133 0.691
Floor period
1(Ar; > 0)Arg -0.253* 0.000 -0.122 -0.036 -0.074 -0.013
(-0.115)  (-0.112)  (-0.117)  (-0.118) (-0.106)  (-0.106)
1(Ar, < 0)Ary 0.295%**  (.234%* 0.316*  0.463**  0.468%*  (.434%**
(-0.071)  (-0.072) (-0.14)  (-0.168) (-0.154)  (-0.126)
Constant 0.003* 0.001 0.003* 0.003* 0.003* 0.003*
(-0.001)  (-0.001)  (-0.001)  (-0.002) (-0.001)  (-0.001)
No. of obs. 645 647 570 639 638 644
R? 0.037 0.030 0.030 0.056 0.050 0.050
Hy: p-value 0.000 0.095 0.030 0.031 0.010 0.015
NIR period
1(Ary > 0)Ary 0.837*%  0.744** 0.594* 0.420%* 0.464* 0.564*
(0.321) (0.251) (0.232) (0.202)  (0.210) (0.252)
1(Ar; < 0)Arg 0.397*%  0.671**  0.526** 0.390* 0.417* 0.398
(0.129) (0.241) (0.190) (0.161)  (0.185) (0.212)
Constant 0.001 0.001 0.001 0.001 0.001 0.001
(0.002) (0.002) (0.002) (0.002)  (0.002) (0.002)
No. of obs. 444 444 444 444 444 444
R? 0.198 0.238 0.139 0.077 0.068 0.076
Hy: p-value 0.235 0.848 0.835 0.915 0.876 0.642

Notes: Robust standard errors in parentheses.

Statistical significance indicated with *** if p < 0.001, ** if p < 0.01 and * if p < 0.05.
r¢ denotes the Swiss franc 3-month OIS.

Hy : 81 = By in regression (1).
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