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Abstract: Fundamentally, the term premium in long-term nominal yields is compensation to investors
for bearing interest rate risk. There is substantial evidence of sizable and time-varying term premia.
As opposed to yields, term premia are not directly observable. In this paper, we estimate term premia
in Norwegian interest rate swaps from a set of dynamic term structure models, covering the period
from 2001/04 until 2022/06. In line with international studies, we find evidence of declining term
premia over the sample period. Furthermore, our estimates indicate that term premia have been
close to zero, as well as negative in periods, during the last decade of global extraordinary monetary
policy measures. We find that the recent rise in Norwegian interest rate swaps is partly caused by
increases in term premia. From a practitioner’s perspective, our term premia estimates can be utilized
as part of applied management of both investment and debt portfolios.
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1. Introduction

The Norwegian Interbank Offered Rate (Nibor) has long been the most important
interest rate in Norwegian capital markets. Nibor reflects the cost of uncollateralized
interbank loans and is the by far the most frequently applied reference rate for deposits,
commercial paper and bonds.! Nibor is considered by many as the most appropriate proxy
for the risk-free rate in Norwegian Krone (NOK), due to limited liquidity in Norwegian
Government Bonds.

The primary financial instruments for hedging Nibor risk are interest rate swaps
(IRS). In IRS, fixed interest payments are exchanged for floating—the latter determined by
Nibor—over a preagreed period. The fixed interest swap rate yE") on an n-maturity swap
at time ¢ can be decomposed into two components: one reflecting expectations of Nibor

and the other term premia;’
1%/ o 1 1
]/En) = (yg ) +.‘/£+)1 o +y§+)n_1) + T PyE"), ¢y

where Q denotes the risk-neutral expectation and TPyE") is the term premium.

Our main contribution is implementing a set of dynamic term structure models on
NOK interest rate swap data, enabling us to estimate unobservable term premia for different
maturities of the swaps. As far as we know, our dataset has not previously been explored
for this purpose. Interestingly, we find that term premia on Norwegian interest rate swaps
have declined in line with comparable international term premia over the time period of
April 2001 through June 2022. Although Norway is one of the few European countries
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with its own floating currency and the ability to run an independent monetary policy,
Norwegian interest rates and term premia are still closely correlated with international
interest rate movements. We further find that the impact of the zero lower bound is of minor
importance for our study, and that although small sample bias is present in our dataset, bias
correction does not produce plausible results. From the perspective of decision makers, our
findings have important practical implications. We find that term premia have been close to
zero, and in periods negative, during the last decade, coinciding with global extraordinary
monetary policy measures. We find that the recent rise in yields due to increasing inflation
and related uncertainty with respect to future levels of inflation and economic growth has
triggered corresponding increases in term premia. As a consequence, numerical estimates
of term premia in Norwegian interest rate swaps are becoming increasingly important for
managers of both investment and debt portfolios.*

Numerical estimates of IRS term premia are relevant for a diverse set of stakeholders.
Most notably, term premia estimates constitute important portfolio management informa-
tion for capital market participants. Fixed-income investors use term premia estimates for
asset allocation and portfolio construction purposes, as term premia estimates represent
expected excess returns over Nibor. For fixed-rate payers—both financial, corporate and
sovereign—term premia represent excess funding cost over the short-term rate. Hence,
fixed-rate payers interpret the term premium as the cost of hedging Nibor risk. As such, the
term premia estimates derived in this paper have significant practical relevance for both
lenders and borrowers. Furthermore, policy makers need to judge the impact of monetary
policy actions, such as policy rate changes or quantitative easing (QE) programs. In the
context of macroeconomic implications, it is crucial to understand whether changes in
long-term yields are caused by changes in term premia or altered short-rate expectations,
respectively.

Rudebusch et al. (2006); Wright (2011) and d’Amico et al. (2018) find that term premia
are driven by the inherent uncertainty of macroeconomic variables, such as real growth and
inflation. Complementary to this risk-based approach, D’ Amico et al. (2014) and Moessner
(2018) document the impact on term premia from asset purchase programs employed by
central banks. Furthermore, Hui et al. (2017) propose a convenience yield component in
interest rates as an explanation for variation in term premia. Hence, it is plausible that yield
term premia fundamentally reflect both risk premia required by risk-averse investors to
carry risk related to the future path of short-term interest rates as well as factors unrelated
to risk aversion.

This paper contributes to the literature by providing numerical estimates of term
premia in Norwegian interest rate swap rates from a representative set of dynamic term
structure models. Our sample covers the period from 2001/04 through 2022/06, during
which Norges Bank (the central bank of Norway) exercised monetary policy under a
mandated fixed inflation target. Particular attention is given to the effect of the lower
bound on term premium estimates. Furthermore, we analyze potential impacts of small
sample bias and measurement errors. We discuss results in light of monetary policy actions,
business cycles and financial market events. To our knowledge, this is the first paper to
analyze Norwegian swap rates over this time period and to use this set of models. The
NOK IRS results presented in this paper are interesting in their own right. Norway is
one of only a few European countries with its own currency and thus the ability to run
autonomous monetary policy, which potentially results in different IRS term premium
levels and dynamics. Furthermore, the significance of Norwegian capital markets has
grown over the last decade. The Norwegian high-yield bond market is among the most
active in Europe, and the Oslo Stock Exchange has proved to attract significant interest
from both investors and growth-type issuers during the COVID-19 period. Hence, the role
of the Norwegian capital markets as a catalyst in the global green transition has recently
become clear.

The rest of this paper is organized as follows. In Section 2, we give an overview of the
empirical literature on term premia. In Section 3.1, we describe the dataset. In Section 3.2,



J. Risk Financial Manag. 2023, 16, 188

30f19

we describe the econometric framework and estimation strategy applied in the study. In
Section 4, we present term premia estimates and discuss the results. Section 5 concludes
and proposes ideas for further research.

2. Literature Review

Most empirical research on term premia in yields has been conducted using data
from government bond markets. Ang and Piazzesi (2003); Bauer and Rudebusch (2016);
Campbell and Shiller (1988); Cochrane and Piazzesi (2005); Diebold and Li (2006); Fama
and Bliss (1987); Joslin et al. (2011); Wu and Xia (2016) and many others analyze U.S.
Treasuries. Cohen et al. (2018); McCoy (2019); Moessner (2018) utilize data from the Euro
area, whereas de los Rios and Shamloo (2017); Malik and Meldrum (2016) present results
for the U.K. Jennison (2017), Callaghan (2019) and Aydin and Ozel (2019) estimate term
premia from affine term structure models using data from Australia, New Zealand and
Turkey, respectively. The consolidated findings in the literature analyzing U.S. Treasuries
indicate that term premia went through a minor cycle from 1961 to the early 1980s, peaking
at about 2% in 1970. In the early 1980s, the term premia rose quickly to levels of up to 4%
and then settled into a range around 2% from the mid-1980s to the early 2000s. Since then,
term premia has trended lower and entered subzero levels in 2020. However, there have
been several marked cycles against the trend, most notably peaks in 2007 and 2018. Results
from other jurisdictions broadly conform to U.S. estimates and indicate that term premia
are highly correlated across countries. This is indeed confirmed in international studies
(Berardi and Plazzi 2022; Byrne et al. 2019; Dahlquist and Hasseltoft 2013; Monch 2019;
Wright 2011).

The literature analyzing term premia in interest rate swaps is less comprehensive.
Liu et al. (2006) and Brooks et al. (2015) analyze the informational content of the Libor
term structure relative to government bond yields, whereas Filipovi¢ and Trolle (2013)
and Gallitschke et al. (2017) analyze the related Libor-OIS spread.5 Jotikasthira et al. (2015)
analyze a broad dataset of swap rates and find that world inflation and the U.S. yield level
together explain over two-thirds of the covariance of global IRS, and that these effects
operate largely through the term premium channel.

Academic research analyzing NOK yields is scarce. Sekkel (2011) and Wright (2011)
use Norwegian data as part of their international comparative studies of term premia in
government bonds. Wright (2011) reports declining Norwegian government bond (NGB)
term premia over the sample period and explains this by the introduction of inflation
targeting and increased independence of Norges Bank. NGB term premia are not explicitly
estimated by Sekkel (2011) but can be inferred from his analysis of excess return predictabil-
ity. Grdb and Kostka (2018) report risk premia in interest rates with maturities below one
year for G10 currencies, among them NOK. More recently, de Lange et al. (2022) provide
updated term premia estimates for NGB yields. This paper fills a gap in the literature by
reporting term premia estimates for Norwegian interest rates swaps.

3. Materials and Methods
3.1. Data

We base our empirical analysis on NOK interest rate swap data retrieved from
Bloomberg. The market makers in NOK IRS contribute their bid and offer rates for maturi-
ties ranging from 1 year through 10 years.® From these contributions, Bloomberg constructs
representative end-of-day midmarket swap curves. Interest rate swaps denominated in
NOK can be referenced to either the 3-month or the 6-month Nibor rate. We analyze the
6-month swaps, as this is the standard convention quoted in the interbank market. Our
sample period covers April 2001 through June 2022 and consists of monthly observations.

On 29 March 2001, the government assigned a new operational mandate for the
implementation of monetary policy to Norges Bank. From this date, the central bank has
set the policy rate with an objective of maintaining low and stable inflation—defined as an
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explicit inflation target. To avoid possible structural breaks related to this formal change in
monetary policy, we start our sample in April 2001.

As is evident from Figure 1, NOK swap rates have generally declined since the
beginning of the century. This is in line with the development of global yields. Bernanke
(2013) assigns this long-run decline in yields to cyclical factors, including the slow pace
of economic recovery, modest inflation rates and accommodative monetary policy. Bauer
and Rudebusch (2020) point to falling expectations of long-run inflation, real yields and
related uncertainty. Berardi and Plazzi (2022) find that short-rate expectations have steadily
declined over the last two decades. Following the outbreak of COVID-19, Norges Bank set
the monetary policy rate to zero, which caused a rapid decline in swap rates across the
maturity spectrum. More recently, increasing inflation and the risk of stagflation have led
interest rate swap rates to drift upwards.

Although yields of different maturities tend to move in the same direction, the slope of
the NOK IRS yield curve has varied over time. The yield curve is typically upward sloping,
but the slope has been negative at some occasions, such as during the global financial
turbulence in 2008. These dynamics are consistent with an interpretation of the yield curve
slope as a recession indicator (Harvey 1986; Kumar et al. 2021).
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Figure 1. NOK interest rate swap rates vs. 6 m Nibor, retrieved from Bloomberg. Sample period:
2001/04 to 2022/06.

We estimate zero-coupon yields by bootstrapping the interest rate swap rates displayed
in Figure 1. Table 1 displays descriptive statistics for the zero-coupon yields applied in
this study and reveals some commonly observed stylized facts. Short-term rates are on
average lower than long-term rates. Furthermore, short-term yields are more volatile and
less persistent than long-term yields.

Table 1. Descriptive statistics of zero-coupon yields.

Tenor Mean Std. dev Min Max P1m' p1y”
6m 2.79 1.94 0.34 7.87 0.98 0.60
ly 2.76 1.87 0.36 7.58 0.98 0.62
2y 2.92 1.82 0.31 7.57 0.98 0.68
3y 3.05 1.77 0.31 7.43 0.98 0.73
5y 3.27 1.70 0.38 7.24 0.98 0.77
7y 3.46 1.66 0.50 7.14 0.98 0.79
10y 3.65 1.62 0.68 7.08 0.99 0.80

1 p1,,: autocorrelations at 1 month lags. 2 p1y: autocorrelations at 1 year lags.

3.2. Methodology

While constant maturity swap rates are directly observable in the market, risk premia
and expectations of future short rates are latent variables. The decomposition of yields into
short-rate expectations and term premia requires application of econometric models. Since
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the seminal contributions of Duffie and Kan (1996), Dai and Singleton (2000) and Duffee
(2002), parsimonious dynamic term structure models (DTSM) have been the preferred
econometric framework to estimate term premia. This class of models was originally
developed for default-free rates. Short-term interbank lending rates, such as Libor and
Nibor, contain liquidity and credit premia (Filipovi¢ and Trolle 2013; Gallitschke et al. 2017).
Still, due to interbank clearing and collateral requirements, IRS contracts are considered to
be close to default-free. Hence, while fixing rates include credit, funding and other risks,
the standard swap contracts that are based on them do not themselves necessarily contain
prices in credit or liquidity risk (Bianchetti and Morini 2013; Collin-Dufresne and Solnik
2001; Hunzinger and Labuschagne 2015). Consequently, we rely on a set of DTSMs to
compute term premia estimates in this study.

More specifically, we use models proposed by Joslin et al. (2011) and Adrian et al.
(2013), henceforth referred to as JSZ and ACM. In addition, we estimate the BR model
proposed by Bauer and Rudebusch (2016). ACM and JSZ have gained popularity, partly be-
cause they developed estimation procedures that resolve the maximum-likelihood-related
problems associated with traditional affine models.” The BR addresses some of the theo-
retical shortcomings of JSZ, serves as an appropriate complement model for the purpose
of this paper and alleviates the model dependency of term premium associated with term
premia estimates (Cohen et al. 2018).

As is common in the literature, see, for instance, Wright (2011), pp. 1520-21, we
compute the the term premium as the difference between the physical and risk-neutral
expectation of the short rate.

Section 3.2.1 gives a brief introduction to affine term structure models (ATSM). In
Section 3.2.2, we introduce the models applied. In Section 3.2.3, we describe our estimation
of the different models and, more specifically, the corresponding term premia estimates.

3.2.1. Affine Term Structure Models

Let Pt(") denote the price at time ¢ of an n-period zero-coupon bond; let ygn) =lo g(Pt(") )/n

denote its yield; let M, be the nominal pricing kernel; and let IT be the vector of cash flows.
The price of the bond must be Pt(n) =L (H;?ZlMH j)- ATSMs produces solutions for Pt(n) and
can be used to decompose yields into short-rate expectations and term premia.

Gaussian affine term structure models (GATSM) have been widely favored by aca-
demics, central bankers and practitioners due to their analytical tractability. The first
discrete-time GATSM appears in a seminal contribution by Ang and Piazzesi (2003). One
theoretical shortcoming of GATSMs is their ability to produce substantial probabilities
of negative future short rates and, consequently, produce inaccurate forecasts of short
rates and term premia when the short rate is bounded from below. Prior to the global
financial crisis, this was not considered a significant issue given the historical level of
interest rates. Subsequently, short rates across the globe have declined towards zero and, in
some currencies, also below zero.

Shadow-rate term structure models (SRTSMs) address the lack of an appropriate
non-negativity restriction in GATSMs and account for the substantial asymmetry in the
distribution of future short rates during periods of near-zero policy rates. SRTSMs are based
on the shadow-rate concept introduced in Black (1995). Black interpreted observed interest
rates as call options having zero strike on shadow rates, which can take any real number as
value. Shadow-rate models are closely similar to their Gaussian counterparts, except that
the affine short-rate equation is replaced by a shadow-rate specification: r; = max(st, in ).
Hence, the distribution of the short-rate 7; is truncated from the shadow-rate distribution s;
and bounded by r,;,. Black (1995) argued that investors always have the option to hold
physical currency and assumed a zero lower bound (ZLB) on the short rate. In reality, there
are storage costs and constraints related to holding physical currency, and subzero interest
rates are observed in several currencies, not only for short-term interest rates but also for
longer maturities.® The lower-bound restriction can be relaxed and need not be set to zero.
In addition to accounting for the zero lower bound, a key advantage of shadow-rate models
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is that away from the ZLB they behave exactly as the corresponding Gaussian models.
Furthermore, the probability of a zero future short rate is nonzero in shadow-rate models.
This enables this class of models to represent the stickiness property of ZLB interest rates,
which results from the highly asymmetric distribution around the expected short-rate path
at the ZLB.

3.2.2. Econometric Framework

The JSZ, ACM and BR have some common features, which we outline in the following.
The risk factors X; are stationary and follow mean-reverting processes. The vector of
K risk factors follows a first-order Gaussian vector autoregression (VAR):

Xip1 = p+ ¢Xi + 2€p11, ()

where €;11 ~ (0, Iy), and X is lower triangular. The risk factors X; are a set of K demeaned
and normalized principal components of yields. The short-term interest rate 74, is a function
of the risk factors. For the Gaussian models, to which ACM and JSZ belong, the short-rate
equation is

re = 8o+ 6, Xy 3)

In the BR, the short-rate Equation (3) is replaced by a shadow-rate specification:
re = max(st, Tmin), St = 60 + (S;Xt. 4)

The shadow short rate in the BR, s;, is modeled as affine Gaussian, as is the short rate in
ACM and JSZ. Equation (4) ensures that the short rate and all other model-implied interest
rates cannot go below 7.

The models assume that the stochastic discount factor M; that prices all assets under
the absence of arbitrage exists and is of the essentially affine form Duffee (2002):

1
— log(MtH) =71+ EA;/\t + A;GH,l, (5)
where the K-dimensional vector of risk prices A; is affine in the risk factors

At = Ag + A X¢. 6)

As a consequence of these assumptions, the price Pt(n) at time t of an n-period zero-
coupon bond is an exponentially affine function of the risk factors:

P = exp(.An,JrB;Xt), 7)

with loadings A, = A, (y, ¢, 00,01, L, Ag) and B, = B (¢, 61, A1) that follow the recursions
1 '
At = =00+ A + (p = ZAo)' By + 5 B, X% By (8)

Bn—H - (4) - Z)\l)/Bn - (51/ (9)

with starting values Ay = 0 and By = 0. The recursions in (8) and (9) are the standard
linear difference equations for affine term structure models with homoskedastic shocks
(Dai and Singleton 2003).°

The bond prices in (7)—(9) are the same as if agents were risk-neutral (A = A1 = 0),
but the risk factors followed an alternative law of motion:

Xp1 = p@ + ¢0X; + ze

17 (10)

where
u® = —3A,, ¢pQ = —2A. (11)
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Equations (3) and (10) are known as the physical and risk-neutral representations of the
law of motion for the risk factors, respectively.!’ Equation (10) reflects the Expectations
Hypothesis (EH), which states that bond yields are expected values of future short rates.
Under this hypothesis, the data-generating probability measure differs from the risk-neutral
probability measure, whereas under the less realistic Local Expectations Hypothesis (LEH),
which is not assumed here, the two probability measures coincide.

3.2.3. Estimation Strategy

Our NOK IRS premia estimates are based on monthly zero-coupon yields (see Section 3.1
for further details).

Common to JSZ, ACM and BR is that the risk factors X; are K demeaned and normal-
ized principal components of yields.!! ACM uses K = 5, whereas JSZ and BR use K = 3.
Thus, we begin the estimation procedure by performing a principal component analysis
(PCA) of zero-coupon yields. We then proceed by estimating each model as described in
the following sections. Finally, term premia are computed as the difference between the
physical and risk-neutral short-rate expectations for the different models.

ACM: Adrian et al. (2013) derive an expression for continuously compounded arbitrage-
free excess holding period returns rng:l)

in n periods is defined as

. The log excess holding return of a bond maturing

eriIl) =In Pt(_tl_l) —1In Pt(") — 7t (12)
To estimate our ACM model, we follow the three-step series of linear regressions proposed
by Adrian et al. (2013). The first step is to estimate Equation (2) via OLS, which decomposes
X; into a predictable component and an estimate of the innovation. The second step is a
time series regression, where excess returns are regressed on a constant, lagged pricing
factors and the estimated shock components collected from the first step. In the third step,
the price of risk parameters Ayp and A; are estimated via cross-sectional regression.

JSZ: Joslin et al. (2011) develop a novel canonical no-arbitrage Gaussian DTSM in
which the risk factors can be any observable linear combinations of yields.'” We use
the first three principal components as risk factors in our JSZ specification. Joslin et al.
(2011) propose a two-step procedure, in which physical and risk-neutral parameters can be
estimated separately. Since the physical parameters in (2) follow an unconstrained vector
autoregressive form, they can be consistently estimated by ordinary least squares in step 1.
Joslin et al. (2011) propose an algorithm to estimate the risk-neutral parameters in (11) by
maximum likelihood in step 2.

BR: The shadow-rate DTSM proposed by Bauer and Rudebusch (2016) is closely
related to Joslin et al. (2011), except that the affine short-rate Equation (2) is replaced by the
shadow-rate specification in Equation (4). We set r,,,;, = 0, as originally proposed by Black
(1995). Furthermore, although the policy rate was set equal to zero by Norges Bank for the
first time in 2020, the rate is yet to be set below zero.

Equation (4) introduces nonlinearity into the BR model. A shadow-rate model does not
lead to closed-form solutions for bond prices so that the need arises for approximate solution
methods. When estimating our BR model, we adapt the fast and accurate method proposed
by Priebsch (2013) for discrete time, in combination with the extended Kalman filter.

4. Results and Discussion

Our model estimations provide a tight fit to actual swap rates. Root Mean Squared
Errors (RMSE), reported in Table 2, are in line with the empirical literature.'?
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Table 2. Model fit (RMSE).
Model 1y 2y 3y 5y 7y 10y
ACM 2.79 1.94 0.34 7.87 0.98 0.6
Jsz 2.76 1.87 0.36 7.58 0.98 0.62

4.1. Term Premium Estimates

As experienced by most other developed countries, NOK interest rate swap rates
declined over the sample period. Figure 2 shows that the model set agrees on a substantial
decline in term premia across the maturity spectrum.

Percent
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Declining NOK IRS term premia is consistent with the literature. According to Wright
(2011), term premia in government bond yields have declined internationally since the
1990s, especially in countries that reduced inflation uncertainty by making substantial
changes in their monetary policy frameworks. This might well be a plausible explanation
for a decline in NOK IRS term premia, since inflation has generally been low and stable
following Norges Bank adaption of the inflation targeting regime in the early 2000s. Based
on international interest rate swap data, Jotikasthira et al. (2015) find that world inflation
and the U.S. yield level together explain over two-thirds of the covariance of global yields,
and that these effects operate largely through the term premium channel. In light of these
findings, and the fact that Norway is a small, open economy likely to be impacted by
international risk factors, a decline in term premia appears to be reasonable.

From Figure 2, it is evident that the behavior of short-term term premia differs from
that of long-term term premia. The 2 y term premium has been relatively stable and close
to zero. A notable exception is during the GFC, where the 2 y term premium temporarily
spiked. As the crisis emerged, liquidity in interbank funding markets dried up due to
significant increase in margin calls and lack of transparency with respect to the distribution
of risk exposure among major investment banks. Simultaneously, federal authorities
reinforced long-term support of the global banking system. In light of this, the increase in
short-term premia can be interpreted as a liquidity risk premium. Long-term term premia
were less impacted, as market participants took comfort in official statements of financial
system support.

Trends and rapid changes in term premia can be related to important economic events,
both global and domestic. Like Jotikasthira et al. (2015), Dahlquist and Hasseltoft (2013)
note the importance of U.S. interest rate risk and global business cycles in driving global
yields, with increasing correlations between international bond risk premia over time. From
the beginning of the century and up until the GFC, the Norwegian economy experienced
strong growth and rising asset prices—which is consistent with a decline in long-term
term premia. The GFC, commencing late 2007, induced uncertainty about future growth
prospects and higher term premia. Following the GFC, a number of major central banks
undertook unconventional monetary policy initiatives, such as large-scale asset purchase
programs. Through this channel, the term premium is likely to fall for securities purchased
within these programs, and second-order effects might include falling term premia in other
markets, such as interest rate swaps. NOK IRS term premia estimates surged following
the Euro area sovereign debt crisis in 2012 and the 2013 taper tantrum'*, which is consistent
with declining global risk appetite as the outlook for U.S. monetary policy became less
certain. In 2014, interest rates started to fall both in EUR and NOK, largely due to the
market’s anticipation of the ECB’s asset-buying Public Sector Purchase Program (PSPP)
and its subsequent implementation (from early 2015). This is a plausible explanation for
the sharp decline in estimated NOK IRS term premia during 2014. The sharp increase
in November 2016 coincides with a broad-based sell off in fixed-income assets globally
following the U.S. election. As foreign debt issuers and global banks are active participants
in the NOK IRS market, such changes in global market sentiments are likely to impact NOK
swap rates. From 2018 to 2020, market volatility has been low across most asset classes,
consistent with stable NOK IRS term premia. Following the COVID-19 outbreak in March
2020, central banks across the globe took extraordinary monetary policy measures, among
them Norges Bank, which set the policy rate to zero. This led to an immediate drop in term
premia to subzero levels. Since then, the real economy has recovered faster than initially
feared by the market, leading to a gradual reversal of term premia. More recently, high and
unanticipated global inflation has emerged as a threat to economic growth. Prospects for
future inflation are uncertain, and measurement errors appear to be present. Uncertainty
concerning future growth and inflation has previously been documented as drivers of
term premia (d’Amico et al. 2018; Rudebusch et al. 2006; Wright 2011) and are plausible
explanations of the sharp increase in term premia estimates towards the end of the sample.
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The term premium can be interpreted as a risk premium required by risk-averse
investors to carry risk related to the future path of short-term interest rates. Post 2015, the
model set shows negative NOK IRS term premia estimates that might appear puzzling if
viewed from the perspective of a risk-averse investor. However, with consideration also
given to other effects influencing the term premium, such as large-scale asset purchases
(D’Amico et al. 2014; Moessner 2018) and global spillover effects (Byrne et al. 2019; Dahlquist
and Hasseltoft 2013; Jotikasthira et al. 2015; Monch 2019), negative term premia in NOK
IRS are entirely plausible.

Percent

1

1 1 1 1 1 1 1 1 1 1
2002 2004 2006 2008 2010 2012 2014 2016 2018 2020 2022

10y NOK IRS term premium
********* 10y U.S Treasury term premium
MOVE index (r.a.)

Figure 3. ACM 10 y term premia (left axis) vs. MOVE (right axis). NOK IRS estimates by the authors,
U.S. estimates as reported by the Federal Reserve Bank of New York and MOVE Index retrieved from
Bloomberg. Sample period: 2001/04 to 2022/06.

Figure 3 compares our ACM estimates of the 10 y NOK IRS term premium with
estimates of the U.S. Treasuries 10 y term premium, as reported by the Federal Reserve
Bank of New York. Although the series are not directly comparable for different reasons,
most notably since interest rate swaps are derivatives and Treasury bonds are funding
instruments, the comparison still serves as a means to consider the reasonability of our
NOK IRS estimates. The series display similar trends, albeit the U.S. term premia are more
volatile. The linear correlation is 0.84, indicating the presence of common underlying risk
factors. In levels, estimates generally agree across the sample. The correlation between
U.S. term premia and the Bank of America Merrill Lynch MOVE Index, a measure of
bond market implied volatility frequently interpreted as a proxy for macro uncertainty, is
well-known. The NGB term premium displays a similar pattern. The correlations of MOVE
vs. NOKIRS and U.S. estimates are 0.67 and 0.67, respectively. These results of correlated
term premia are in line with findings specific for term premia in yields (Jotikasthira et al.
2015; Wright 2011) and for asset risk premia in general (Bollerslev et al. 2018).

4.2. Impact of the Zero Lower Bound

Gaussian DTSM are not well-suited to represent the dynamics of recent near-zero
interest rates, since they do not recognize that in the real world, with currency available
as an alternative asset, interest rates are bounded at some level not too far from zero.
Shadow-rate DTSMs, on the other hand, respect this lower bound. To assess the relevance
of shadow-rate models for term premia, we compare estimates from the Gaussian JSZ with
those of the BR—the latter being the ZLB version of the former.

Figure 4 displays the difference in term premium estimates from the JSZ and BR. For
all practical purposes, the models produce close to identical term premium estimates. The
only exception is a relatively short time period following the COVID-19 outbreak, but even
then the difference is of single-digit magnitude.
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Figure 4. Impact on term premia estimates from ZLB. Comparison of term premia estimates from

BR and JSZ. Negative numbers imply higher term premia estimates from BR relative to JSZ. Sample
period: 2001/04 to 2022/06.

To analyze the impact of the lower bound in further detail, we compute the model-
implied probabilities of negative future short rates in the JSZ. Figure 5 displays these
probabilities at 6-month, 1-year and 2-year horizons.

o
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Figure 5. Probability of negative rates. JSZ-implied real-world IP probabilities of negative future

short-term interest rates at horizons of 6 months, 1 year, and 2 years. Sample period: 2001/04 to

2022/06.
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Another approach is to compare fitted yields to estimated shadow yields from the BR.
Figure 6 displays fitted yields and shadow yields.

Percent

= = Fitted yield
—— Shadow yield
© | T T |

2005 2010 2015 2020

Year

Figure 6. ZLB wedge (10 y IRS). The fitted 10-year BR yield and the corresponding shadow yield.
The ZLB wedge is the difference between the two. Sample period: 2001 /04 to 2022/06.

Until 2015, the ZLB does not seem to have been binding in the NGB market, with
probabilities of negative future rates close to zero and shadow yields not far from fitted
rates. The only subperiod in the sample where BR produces different yield curve dynamics
compared with JSZ is a relatively short period subsequent to the COVID-19 outbreak in
March 2020. Norges Bank lowered the policy rate to zero, leading to a spike in the difference
between fitted yields and shadow yields—referred to as the ZLB wedge. Towards the end of
the sample, long-term yields increase—predominantly due to risk of higher inflation—and
the ZLB wedge reverts back to pre-COVID-19 levels. In the interim 2015-2020 period, the
lower bound seems to have been effective to some extent. However, the ZLB wedge varied
in the range of 20 to 40 basis points, which most likely is not sufficient to significantly
impact term premia.

So far, we fixed the lower bound of the short rate at zero. The family of ZLB-models—
to which BR belongs—are highly sensitive to model specification (Krippner 2015). To
investigate the robustness of our term premium estimates, we estimate the BR varying
the lower bound from 0 to 25 basis points. Figure 7 shows that shadow-rate estimates are
virtually unchanged, apart from the post-COVID-19 period. Even during this period of
relatively short duration, the differences in shadow rates are of limited magnitude.

We conclude that the ZLB is of minor importance for the purpose of this study, which
is to estimate term premia—as opposed to yields. This is in line with earlier results found
by Guimaraes (2014), Malik and Meldrum (2016) and de Lange et al. (2022).
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Figure 7. Sensitivity of shadow rates to lower bound. Shadow short rates implied by the BR and the
6 m NIBOR rate. Each panel shows estimated shadow short rates for the lower bound r,,;,, varying
from 0 to 25 basis points. Sample period: 2001 /04 to 2022/06.

4.3. Impact of Small Sample Bias

Yields of different maturities tend to be highly correlated, and the speed of mean
reversion is relatively slow. Furthermore, yields display cyclical behavior, and the number
of cycles in a sample is typically low. As first pointed out by Bauer et al. (2012), the
combination of persistence in yields and limited sample sizes is liable to introduce small-
sample parameter bias when estimating the vector autoregressions on which DTSMs are
based. To account for this, we implement the analytical bias correction proposed by Pope
(1990) and Kilian (1998). The procedure involves adapting the stepwise estimation approach
by replacing the OLS parameter estimates of the autoregressive system in the first step
by bias-corrected estimates. The remaining steps of the estimation procedure can then be
carried out to recover the parameters determining the cross-sectional fit of the models.

Figure 8 displays the decomposition of the 10 y zero-coupon yield into term premia
and risk-neutral expectations from the two models. Consistent with the literature, the
bias-corrected results (right panel) display more variability in risk-neutral rates and, con-
sequently, more stable term premium estimates. It is interesting that bias-corrected term
premium appear to be close to stationary around 1%. Implicitly, bias correction attributes
most of the decline in the 10 y swap rate from 7% towards 0 over the sample period to
lowered short-rate expectations and less to changes in term premia. Furthermore, the vari-
ability of the term premium is relatively modest. This is somewhat surprising, especially in
light of the global macroeconomic events spanned by the sample period. GFC, the Euro area
sovereign and banking crises, as well as the COVID-19 pandemic, have created significant
macroeconomic and financial uncertainty. In particular, it is puzzling that term premia
estimates from the bias-corrected models do not respond to the recent major changes in
global inflation regimes. Fundamentally, the term premium can be interpreted as a risk
premium related to future economic conditions, and bias-corrected estimates show little
sensitivity to such factors.
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Figure 8. Impact of bias correction on 10 y term premia estimates. The effect of bias correction
following Pope (1990) (BC—right panel) on the decomposition of yields into term premia and risk-
neutral expectations, compared with OLS estimation (OLS—Ieft panel). Sample period: 2001/04 to
2022/06.

Wright (2014) argues that term premium point estimates with and without a bias
correction lie within OLS confidence intervals and, furthermore, claims that bias correcting
is liable to overcorrect with respect to the true data-generating process and thus lead to less
plausible term premium and risk-neutral yield point estimates compared with making no
correction. Malik and Meldrum (2016) and Guimaraes (2014) support this view.

The sample size of our study is comparable to that of Joslin et al. (2011) and Adrian
et al. (2013). In light of the downward trend in yields, we find it likely that small-sample
bias is present and might impact our NOK IRS term premium estimates. However, our
overall impression is that bias correction does not produce plausible results.

4.4. Impact of Measurement Error

The size and depth of the NOK interest rate swap market is limited compared with
the major G7 markets. This might cause arbitrary inaccuracies in swap curve recordings
and constitutes a source of estimation uncertainty. To assess the potential impact on term
premia estimates from such measurement errors, we conduct a simulation study. First,
we add random noise to each of the points on the swap curve. The noise components
are cross-sectionally uncorrelated and normally distributed with expected value equal to
zero and standard deviation of five basis points. Second, we bootstrap zero-coupon yields
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from the simulated par curves in the first step. Third, we re-estimate term premia using
zero-coupon yields from step two. We run one thousand simulations to produce confidence
intervals for the term premia estimates. Figure 9 displays 5% and 95% quantiles for 10 y
NOK IRS term premia from the ACM model."

4 T T T T T T T T T T T
ACM OLS

,,,,,,,, 5 % quantile
95 % quantile |

Percent

1 1 1 1 L 1 1 1 1 1 1
2002 2004 2006 2008 2010 2012 2014 2016 2018 2020 2022

Figure 9. Simulated confidence band for the 10 y term premia using the ACM model. Sample period:
2001/04 to 2022/06.

The simulations in Figure 9 show that measurement error constitutes a source of
uncertainty in the estimation procedure that has potential to distort term premia estimates
and thus deserves scrutiny. However, the variability appears to be limited, and we consider
the validity of the results in this study to be intact.

4.5. Correlation of Term Premia Estimates to Fundamental Risk Factors

The term premium in yields is essentially a risk premium. Bollerslev et al. (2018) report
the presence of global risk factors interpreted as common determinants of risk premia across
asset classes. Analogously, a reasonable a priori expectation is that term premia estimates
should display positive codependency with factors reflecting market uncertainty and
investor risk perception. To investigate this, we compute linear correlations of our term
premia estimates with global risk factors, represented by the economic uncertainty (EU)
and risk aversion (RA) indices proposed by Bekaert et al. (2019) and the Bank of America
Merrill Lynch MOVE index of interest rate volatility. In addition, we include the implied
volatility of Oslo Stock Exchange Index Options (OBX IV) to represent NOK idiosyncratic
risk. Table 3 reports statistically significant positive associations with term premia estimates,
which are supportive of our overall term premia estimates.

Table 3. Correlation of term premia estimates to fundamental risk factors.

Tenor Model EU RA MOVE OBX 1V
2y ACM 0.59 0.56 0.67 0.75
|EY4 0.60 0.47 0.63 0.66
5y ACM 0.33 0.27 0.63 0.60
]Sz 0.33 0.26 0.62 0.59
10y ACM 0.29 0.22 0.58 0.54
JSZ 0.29 0.24 0.59 0.56

EU: Index of economic uncertainty (Bekaert et al. 2019). RA: Index of risk aversion (Bekaert et al. 2019). MOVE:
Index of bond market implied volatility, reported by Bank of America Merrill Lynch. OBX IV: At-the-money
implied volatility of 1-month Oslo Stock Exchange Index Options. All correlation coefficients are statistically

significant (o > 0) at 1% confidence level.
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Notes
1

5. Conclusions

Commencing with the 2007 financial crisis, and during the subsequent period of
financial turmoil, the relative importance of Norwegian capital markets in a European
context has grown. Most prominently, the Norwegian high-yield bond market is among
the most active in Europe and has proved an important source of funding for the energy
sector. Similarly, the Oslo Stock Exchange has proved to attract significant interest from
both investors and growth-type issuers during the COVID-19 period. Thus, Norwegian
capital markets are playing an important role in the global green transition.

Understanding the dynamics of risk premia in Norwegian interest rates is important
for a broad set of domestic and global stakeholders. In this paper, we present estimates of
term premia in Norwegian interest rate swaps. We obtain estimates using well-established
dynamic term structure models covering the period from 2001/04 to 2022/06. Particular
attention is given to impacts on term premia from a lower bound on yields, to small-sample
bias and to measurement errors. We find evidence of declining term premia over the sample
period, which resembles international findings. Furthermore, the trend and variation in
term premium estimates coincide with global macroeconomic events.

This study can be extended in several directions. Including macrovariables to test
the spanning hypothesis could shed additional light on the determinants of term premia.
Furthermore, given the status of the Norwegian economy as a small, open economy with
significant exposure to global commodity markets, spill-over analysis from global yields
might reveal determinants specific to NOK IRS term premia. Similarly, fundamental anal-
ysis to explain movements in term premia from factors of specific relevance to Norway
as a major exporter of various commodities would contribute further to the understand-
ing of the dynamics of Norwegian interest rate swap rates. We leave this for future research.
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Abbreviations

The following abbreviations are used in this manuscript:

ACM  The dynamic term structure model proposed by Adrian et al. (2013)

BR The dynamic term structure model proposed by Bauer and Rudebusch (2016)
JSZ The dynamic term structure model proposed by Joslin et al. (2011)

NOK Norwegian Krone

IRS Interest Rate Swap

More recently, the Norwegian Overnight Weighted Average (NOWA) rate has been proposed as an alternative to Nibor, following

international reference rate reforms. So far, NOWA transaction volumes have been limited and market participants are reluctant
to adopt NOWA. Furthermore, Nibor has been assessed and recognized by the European Commission as a critical benchmark.
Hence, we expect Nibor to remain the primary benchmark rate in Norwegian Krone in the foreseeable future.

Strictly speaking, yields contain an additional convexity term—which relates to Jensen’s inequality; see Rebonato (2018). However,

unless yield volatility is very high or for very long maturities, the convexity effect is typically small. In line with the literature, we
ignore it for the purpose of this paper.
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Risk neutral in this context refers to yields that would exist under the pure expectation hypothesis. That is, yields with a market
price of interest rate risk equal to zero and thus no term premium.

To enhance the practical application of research presented in this paper, we maintain updated NOK IRS term premia estimates
https:/ /github.com/MortenRisstad /NOKIRSTP here. (6 March 2023).

> Libor: London Interbank Offered Rate. OIS: Overnight Index Swap.
Maturities beyond 10 years are also quoted but significantly less liquid, and the related quotes are consequently less reliable.

See, for instance, Hevia and Sola (2018).

®° N O

For instance, in Germany, short-term bond yields have been negative since mid-2014. Similarly, long-term yields were below zero
from early 2019 until the end of 2021.

The difference equations for ACM contain one additional minor component compared with JSZ and BR. This is due to the ACM
assumption of serially uncorrelated excess return pricing errors, as opposed to serially uncorrelated yield pricing errors (see
Section 2.4 of Adrian et al. (2013)).

See Van Dijk et al. (2018) for a thorough discussion of joint modeling of risk factors in the physical (P) and risk-neutral (Q)
measures.

PCA has, since the seminal contribution of Ang and Piazzesi (2003), been the primary building blocks of modern term structure
models. See Oprea (2022) for a recent application.

10

12 A canonical Gaussian DTSM is one that is maximally flexible in its parameterization of both the physical and risk-neutral

distributions of X, subject only to normalizations that ensure econometric identification.
13 See, for instance, Adrian et al. (2013); Bauer and Rudebusch (2016); Diebold and Li (2006); Malik and Meldrum (2016) and
Jennison (2017), who report comparable fitting errors.

14 Comments from Fed officials led the market to expect an imminent removal of monetary accommodation.
15 Simulation results for other maturities and DTSMs are available from the corresponding author upon request.
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