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Abstract 

This research paper analyzes the profitability of trading rules based on term structure residuals 

in the German government bond market. Thereby, the term structure is estimated using the 

Vasiček (1977), Svensson (1994) and the Nelson-Siegel (1987) model. The resulting curves 

are used to price outstanding bonds in the market. A simple moving average technique is 

applied to the pricing errors that denote the differences between the actual bond and the 

modeled prices. The profitability of these trading rules is then compared with a buy and hold 

portfolio and a German government bond index. Results are similar across models and 

indicate that the trading strategies are only able to produce abnormal returns when trading 

signals are triggered based on pricing errors that substantially deviate from their historical 

average. Nevertheless, not one model emerges as the best performing or worst performing 

model. Rather, the performance of the models depend and vary based on the trading strategy 

applied, the allowed weight of a position in the portfolio and the size of the deviation of a 

pricing error from its average value that triggers a trading signal. Hence, this study generally 

rejects the idea that trading rules based on term structure residuals in the German government 

bond market are profitable. Nevertheless, results indicate that it is valuable for a fixed income 

investor to factor technical trading indicators into his investment decision making process.  
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1 Introduction 

The fixed income market plays a crucial role in financial markets. The outstanding amount in 

the global bond market increased by 5% to a record high of $95 trillion in 2010. Thus, the 

global bond market was 1.3 times the size of the global GDP worldwide, in comparison with 

0.8 times about ten years earlier. This put the size of the fixed income market at almost twice 

the size of the global equity market in 2010, with a market capitalization of $55 trillion (Bank 

for International Settlements, BIS hereafter, in TheCityUK 2011).  

In the global bond market, government bonds are of substantial importance. Domestic issues 

accounted for 70% and international bonds for the remainder in 2010, whereof 57% were 

government securities. This share increased by about 7% in comparison to two years earlier 

(BIS in TheCityUK 2011). The demand for government bonds has seen strong support since 

the outburst of the financial crisis in 2008, as investors were looking to redistribute their 

wealth from risky investments into safer assets. Furthermore, governments have undertaken 

extensive quantitative easing in order to respond to the economic slowdown, which has 

further accelerated this increase in the government bond market (TheCityUK 2011).  

These numbers underscore the crucial role the fixed income market and particularly the 

government bond market plays in the global financial markets. Understanding and following 

the factors that drive the fixed income market are thus of substantial importance to financial 

market participants. One of these factors includes the term structure of interest rates, as fixed 

income securities derive their value in some way from this curve. Consequently, the modeling 

of the term structure is a well discussed topic in academic literature. Although different term 

structure models have been discussed and analyzed to a large extent in the academic literature, 

its application in technical analysis has not received as much attention. Particularly, 

discussion on the profitability of trading strategies that are based on the term structure 

residuals in the fixed income market is scarce.  

Technical analysis has widely been discussed in the foreign exchange and equity market. 

Investors or traders of products in these markets can generally be classified as fundamental or 

technical traders, or a mixture of both. However, the fixed income market has not seen a focus 

on this topic in the literature. Thus, the objective of the research at hand is to contribute to the 

existing literature in the fixed income market on technical analysis and to shed some light on 
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the ability of technical indicators in the fixed income market to produce abnormal returns. The 

research is specifically concerned with the profitability of a trading strategy based on term 

structure residuals. Consequently, the central problem statement of the research at hand is: 

“Do trading strategies based on term structure residuals in the German government bond 

market produce abnormal returns?” 

In order to address this problem statement, the research paper relies on a simple moving 

average (MA hereafter) technique based on term structure residuals. These constitute the 

differences between the modeled prices of German government bonds and their actual market 

prices. Different term structure models are used to derive the corresponding zero curves and 

use it to price the bonds in the market. When the market prices exceed or fall below the 

modeled prices, the bonds are considered to be over or undervalued, respectively, and a 

corresponding sell or buy signal, respectively, is triggered. As a last step, the returns from 

following such a trading strategy are compared with a benchmark.  

If pricing errors do contain some economic information, they should be similar across models 

and the ability to produce abnormal returns should thus be independent of the model. Thus, 

the first hypothesis of this paper is as follows: 

“H1: The ability of a trading strategy based on term structure residuals to produce abnormal 

returns is independent of the model used for the estimation of the term structure.” 

Furthermore, trading upon small pricing errors might not be as profitable as trading upon 

larger pricing errors. Smaller pricing errors might be subject to more noise incurred by factors 

such as the bid and ask spread and larger pricing errors are more likely to identify an 

underlying trend. Furthermore, trading upon any price deviation results in a higher turnover in 

the trading strategy and thus to a higher amount of trading costs that have to be incurred. 

Hence, the next hypothesis states: 

“H2: Trading upon larger deviations of the modeled prices from the market prices result in 

higher returns.” 

Generally, existing literature on the topic (such as Jankowitsch and Nettekoven 2008) 

conclude that a trading strategy based on term structure residuals in the German government 
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bond market produces abnormal returns. Thus, the last hypothesis that is tested in this paper 

and the most important one in order to address the problem statement is: 

“H3: Trading strategies based on term structure residuals in the German government bond 

market produce abnormal returns.” 

Thus, this research paper attempts to identify whether technical analysis is of added value to 

the fixed income market. The results help investors in the German government bond market in 

deciding whether factoring in technical indicators is valuable for their investment decision 

making process. The research further adds to existing literature on the topic of technical 

analysis in the fixed income market. 

The outline of the thesis is as follows. Chapter 2 presents the most important term structure 

models that are discussed in literature and reviews the literature on technical analysis in the 

fixed income market. Chapter 3 lays out the research design and presents the term structure 

models applied in this research, the data, the trading strategies, the benchmark portfolios as 

well as the way the trading returns are calculated. Chapter 4 analyzes and presents the results. 

This analysis is followed by a critical discussion of the research in Chapter 5. The paper 

comes to a conclusion in Chapter 6. 
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2 Literature Review 

The next section introduces the topic of the term structure of interest rates. A presentation of 

the different categorization possibilities for term structure models follows this introduction. 

Afterwards, the most popular term structure models are presented. This chapter ends with a 

literature review on technical analysis in the fixed income market. 

2.1 The Term Structure of Interest Rates 

As described by Cheyette (2002), the evolution of future interest rates is not certain based on 

the information available today. Interest rate models are a probabilistic description of this 

uncertainty and try to incorporate this aspect when modeling the evolution of interest rates.  

The term structure of interest rates defines the relationship between interest rates and time to 

maturity. As described by McCulloch (1971), the term structure of interest rates can be 

assumed to be continuously differentiable and therefore a smooth function. The usual way to 

build such a term structure is by either modeling the spot (or zero), discount, or forward rates 

and by determining their relationship with time to maturity. Since the spot, discount and 

forward rates can be derived directly from each other, by modeling one of these curves, the 

other two can be derived from one another. The rationale behind not simply presenting the 

relationship between yield to maturity and time to maturity is called the “coupon effect” 

(Caks 1977). Two bonds that are identical in every aspect except for their coupon have 

different yield to maturities. To avoid this coupon effect, the rates mentioned above enable a 

more accurate way of depicting the term structure of interest rates than taking the yield to 

maturity. These rates can easily be derived from zero-coupon bonds, since the spot rate then 

equals to the yield to maturity of the bond. In order to understand this, the following equation 

presents the calculation of the price of a zero-coupon bond pzero.  

����� = ��
(
��)� = ��

(
���)�,                                                   (1) 

where: 

y is the annualized yield to maturity of the bond, 

m is the time to maturity in years, 

zm is the annualized spot rate for the time to maturity 
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Nm is the face value of the bond. 

The price of this zero-coupon and of a coupon-bearing bond as well is equal to the sum of the 

present values of the future cash flows of the bond.  

Government bonds are used for the estimation process since they are considered to not carry 

default risk. The term structure resulting from that is therefore the term structure of the risk-

free interest rates.  

Nevertheless, in practice central banks, such as the Federal Reserve and the Deutsche 

Bundesbank, generally do not issue zero-coupon bonds, called bills, with a maturity longer 

than a year. The bonds issued with a maturity longer than a year are coupon-bearing. 

Therefore, the spot rates can only be derived directly from the yield to maturity of the bonds 

for the very short end of the curve. Bond “stripping” was introduced by the Deutsche 

Bundesbank in July 1997 (Deutsche Bundsbank 1997), which allows the trading of each cash 

flow from a bond separately. This stripping of the cash flows enables the direct derivation of 

spot rates from the yields of these cash flows for longer maturities than one year. 

Nevertheless, these strips are less liquid than the traditional coupon-bearing bonds and thus 

trade at a higher yield (Bark 2010). This difference in liquidity thus restricts the informative 

value they carry. In addition, taking these separate cash flows does not solve the problem that 

the outstanding issues only cover certain maturity dates in discrete time, whereas the interest 

rate term structure is a continuous curve. Therefore, they do not provide an accurate basis for 

modeling the interest rate term structure.  

Consequently, the interest rate term structure has to be extracted from the coupon-bearing 

bonds central banks issue. The price of such a fixed coupon-bearing bond is equal to pcoupon: 

������� = � ��
(
��)� + ��

(
��)�
�
��
  =� ��

(
���)� + ��
(
���)�

�
��
                       (2) 

where: 

y is the annualized yield to maturity of the bond, 

m is the time to maturity in years, 

zm is the annualized spot rate for the time to maturity 

Nm is the face value of the bond 
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ck is the coupon at time k. 

Deriving the corresponding spot rates from a coupon-bearing bond is more complex than for a 

zero-coupon bond and requires more sophisticated estimation techniques, since the spot rates 

do not equal the yield to maturity of a bond. This complexity arises from the fact that if a 

bond’s cash flows are discounted using spot rates to obtain the price of the bond, the use of 

several spot rates with different maturities is required.  

Several estimation models have evolved over time to address this issue. Unlike in the equity 

world, where the Black-Scholes (1973) model has become the standard model to price 

contingent claims on stocks, not one model has emerged as the standard model for the 

construction of the yield curve. Instead, various models are used in theory and practice. These 

models are based on different underlying assumptions (Cheyette 2002). There are several 

ways to classify and categorize these models. Unfortunately, these categories might not be 

mutually exclusive nor non-overlapping.  

2.2 Categories of Term Structure Models 

The next section presents the term-structure models that have evolved over time. It starts out 

with an overview of the different classifications that are used for term structure models.  

2.2.1 One-Factor versus Multi-Factor Models 

One way to categorize term structure models is to distinguish between one- and multi-factor 

models.  

Litterman and Scheinkman (1991) show that a minimum of 96% of the variation in the 

interest rates across maturities stems from three independent and non-correlated components. 

Similar results are presented by Wilson (1994).  

The first factor is called the “level”, also called the “shift” factor in Cheyette (2002), as it 

represents a parallel shift among the interest rates across the maturity spectrum. The second 

factor, the “steepness” factor, also called the “twist” factor by Cheyette (2002), represents 

opposite movements of the short and the long end of the yield curve. The third factor called 

“curvature” by Litterman and Scheinkman (1991) or “butterfly” by Cheyette (2002) 

represents an opposite move in interest rates in the medium end to the long and short end of 

the curve.  
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Litterman and Scheinkman (1991) show that the first factor explains approximately 89.5% of 

the variation in interest rates. About 81% of the remaining variance can be attributed to the 

second factor. 

Cheyette (2002) makes similar conclusions. According to the author and weekly data from the 

Federal Reserve H15 of the yield on Treasuries from 1983 through to 1995, the first factor 

accounts for 84% of the total variance in the spot rates. The second one accounts for 11% and 

the third factor for 4% of the total variance. Thus, only about 1% of the variation in interest 

rates arises from other components.  

Therefore, Cheyette (2002) is of the opinion that a focus on a model that assumes that interest 

rates are only dependent on the “level” is applicable in many cases with limited loss of 

accuracy, due to the high influence of the first factor on interest rates. Chapman and Pearson 

(2001) also acknowledge that the level factor deserves special attention, since it dominates the 

level of interest rates, as well as their expected changes and volatility.  

One-factor models and multi-factor models are concerned with the issue of incorporating 

different factors into a term structure model. A one-factor model assumes that the variation in 

the level of the interest rates stems solely from the one factor, typically the first factor, which 

is called the “short” or “instantaneous” rate. The short rate is a theoretical rate which cannot 

be observed in practice and describes the interest rate of a risk-free asset for an infinitesimal 

short maturity. A multi-factor model, on the other hand, assumes that the variation of interest 

rates depends on more than one factor.  

2.2.2 Arbitrage-Free versus Equilibrium Models 

Another categorization distinguishes between arbitrage-free and equilibrium term structure 

models. Equilibrium models, also called endogenous term structure models, consider the term 

structure of interest rates as an output, rather than an input. They derive the term structure of 

interest rates from a general equilibrium model of the economy. They begin with a description 

of the economy and derive the zero-coupon curve endogenously. Arbitrage-free models, on 

the other hand, are constructed to fit the observed term structure in the market precisely and 

thereby producing equal bond yields. Equilibrium models are not necessarily arbitrage-free as 

they might produce interest rate curves that do not fit the observed interest rate structure in the 

market exactly (Choudhry 2003). 
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2.2.3 Continuous versus Discrete Time Models 

Most term structure models are set up in a continuous time framework. As stated by Ribson, 

Lhabitant and Talay (2001), these models allow for more elegant proofs and more precise 

theoretical solutions but require more sophisticated mathematical knowledge. Although 

continuous models are the standard models, some discrete time models have evolved over 

time as well, such as the London Interbank Market Offered Rate (LIBOR hereafter) model. 

2.3 Presentation of Popular Term Structure Models 

After the presentation of some of the different categorization possibilities, the next section 

goes specifically into detail of the most popular models that have evolved over time and have 

been discussed in literature. 

The first models that have attempted to define the functional form between interest rates and 

maturity are the one-factor parametric equilibrium Vasiček (1977) and the Cox, Ingersoll and 

Ross (CIR hereafter, 1985) models. These two models are concerned with the movement of 

the term structure across time. 

The Vasiček (1977), the CIR (1985) model, as well as the Dothan (1978), Ho-Lee (1986), 

Black-Derman-Toy (1990), Hull-White (1990) extension of the Vasiček (1977) and the 

Black-Karasinski (1991) model belong to the group of one-factor models, or short rate 

models. They assume that the short rate is the state variable that explains the whole term 

structure. They are stochastic models of the short rate in continuous time and specify the 

dynamics of the short-rate under the risk-neutral measure Q as follows: 

�r(t) = μ�t, r(t) �t + σ�t, r(t) �W(t).                                              (3) 

where: 

#($) = short rate as a function of time 

%�$, #($) �$ = drift term of #($), 

&�$, #($)  = diffusion term of #($),  

'= a standard Brownian Motion with zero mean and unit variance. 

Vasiček (1977) shows that interest rates revert to a specific level in the long run. Therefore, 

the Vasiček (1977) model exhibits mean-reverting behavior in the interest rates. It is an 
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equilibrium model where the short rate follows an Ornstein-Uhlenbeck process but constant 

volatility. The arbitrage-free Hull-White (1990) model is an extension of the Vasiček (1977) 

model with a time-dependent reversion level. However, applying the Hull-White (1990) 

model runs the risk of over-parameterization. For instance, an exact fitting of the term 

structure on a daily basis using the Hull-White (1990) model creates an unreasonable unstable 

behavior in one of its time-dependent parameters. Therefore in practice, it is typically applied 

with only one time-varying parameter (Gibson, Lhabitant and Talay 2001). The Ho-Lee 

(1986) model was first built as a discrete multi-period binomial model, where a binomial 

lattice of the term structure rather than a binomial tree of the bond prices is constructed. It is 

the first model to model movements along the entire term structure (Gibson, Lhabitant and 

Talay 2001). However, it lacks the mean-reverting behavior that the Vasiček (1977) and Hull-

White (1990) model exhibit. 

The Vasiček (1977), Ho-Lee (1986) and Hull-White (1990) models describe the dynamics of 

the short rate using a linear stochastic differential equation. The short rate in those models is 

normally distributed and thus, from a computational point of view, easier to solve. 

Nevertheless, the Gaussianity in the short rate implies that for every point in time, the short 

rate has a positive probability of turning negative. This possibility of nominal negative 

interest rates is unrealistic from an economic point of view and considered to be a major 

drawback of these models. 

This problem is overcome by models where the short rate is assumed to be log-normally 

distributed. Although from a computational point of view these models are more difficult to 

solve, they preclude the possibility of obtaining negative interest rates. Nevertheless, as 

shown by Hogan and Weintraub (1993), under log-normal models, interest rates explode with 

positive probability implying infinite rollover returns, regardless of the maturity. This aspect 

creates arbitrage opportunities and disables the models from being used to price financial 

instruments, such as the Eurofuture contract (Sandmann and Sondermann 1997). The Dothan 

(1978), Black-Derman-Toy (1990) and Black-Karasinksi (1991) model, among others, belong 

to the group of models where the short rate is log-normally distributed.  

A further disadvantage of the Dothan (1978) model lies in its limit, as shown by Courtadon 

(1982) where: 

lim+→- r(t) = 0.                                                        (4) 
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Thus, the model is not appropriate to model the long-end of the curve as the long end reverts 

to zero. The Black-Derman-Toy (1990) model is similar to the Ho-Lee (1986) model but 

accounts for mean reversion in the short rate. The arbitrage-free Black-Karasinksi (1991) 

model is an extension of the Black-Derman-Toy (1990) model with a time varying mean 

reversion speed.  

Although the equilibrium CIR (1985) model is similar to the Vasiček (1977) model, the 

variance is dependent on the short rate rather than treated as a constant, which is called the 

“level” effect. This level effect leads to an increase in the variance of the short rate when the 

current level of the short rate rises and vice-versa. This behavior implies that when the short 

rate gets close to zero, rates have a probability of one to stay positive. In the CIR (1985) 

model, the short rate follows a square-root process where the short rate is non-central chi-

squared distributed.  

The CIR model (1985), as well as the Vasiček (1977) model, allows for a positively and 

negatively shaped, as well as a humped shaped yield curve. 

The advantages of short rate models lie in their ease of implementation and in their flexible 

choice of parameters. However, the more realistic the model, the more difficult it is to 

calibrate it to market data, which is often a criticism of these models. Furthermore, since the 

whole term structure depends only on the short rate as the random component, interest rates 

with different maturities are perfectly correlated, which is a drawback of the one-factor 

models. Generally speaking, one-factor models are doing a poorer job in fitting the observed 

term structure than multi-factor models. 

A multi-factor model, on the other hand, assumes that interest rates depend on more factors 

than the short rate. Multi-factor models include the Longstaff and Schwartz (1992) model, as 

well as the Chen model (1996), which are more flexible than the Vasiček (1977) model. The 

Longstaff and Schwartz (1992) model is a two-factor equilibrium model where the short-rate, 

as well as the variance of changes in the short rate, are the two state variables. The advantage 

of the model is that it provides closed-form solutions for zero-coupon bonds and European 

options. Nevertheless, difficulty remains in estimating the various parameters. The Chen 

model (1996) is a three factor model of the term structure. These three factors are the short 

rate, the stochastic mean of the short rate, as well as the stochastic volatility of the short rate. 
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Problems involved with the short-rate models mentioned above include the dependence on 

only one factor, or one state variable, which makes it difficult to get a realistic volatility 

structure of the forward rates. To overcome these drawbacks, the Heath-Jarrow-Morton 

(1989) uses the entire forward curve as its state variables, not just the short end. It is therefore 

considered as a “forward rate” model. It is set up in an arbitrage-free framework but is also 

compatible with an equilibrium model. By construction, this model is able to fit the observed 

term structure perfectly.  

Nevertheless, all the models discussed so far focus on instantaneous rates, which cannot be 

observed in practice. Therefore, the LIBOR and the Swap Market models are both market 

models that have evolved which model market rates, such as the LIBOR rates and the forward 

swap rates, respectively, in discrete time. This methodology was first mentioned in Miltersen, 

Sandmann and Sondermann (1997) and Brace, Gatarek, Musiela (1997) for the LIBOR model 

and in Jamshidian (1997) for the Swap Market model. These models have become a strong 

basis for pricing caps and floors, under the LIBOR model, and swaptions under the Swap 

Market model. 

The models so far are based on economic foundations. The cubic splines (McCulloch 1975), 

on the other hand, is a purely descriptive multifactor non-parametric model without any 

economic basis. The cubic splines model introduced by McCulloch (1975) belongs to the 

spline regression models. In this model, the term structure is considered to be a function of 

third-degree polynomials connected at n “knot points”, ensuring continuity in the levels of the 

short rate as well in its first and second-order derivatives. The model is fitted to the observed 

term structure. Shea (1984) explains that polynomial spline functions are best suited for the 

most frequent circumstances where the term structure is unknown. The author further 

mentions that cubic polynomial spline functions are the most common type of spline functions 

used. The Bank of England uses a cubic spline function with a parameter that entails more 

flexibility in the short than in the long end, which is called the Variable Roughness Penalty 

model (Sleath 1999). 

Although the following two models are said to lack underpinnings, the Nelson-Siegel (1987) 

model and the Svensson (1994) model have become very popular among practitioners of 

Central Banks (BIS 2005). The objective of the Nelson-Siegel (1987) model was to introduce 

a simple, parsimonious model that is able to describe the traditional shapes of the yield 
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curves. The traditional shapes of the yield curve at that point were considered to be the 

monotonic, humped and S-shaped yield curve. Hence, they introduced a parametric, flexible 

and smooth function to fit the term structure of interest rates. More specifically, they 

introduced a second-order differential equation with two equal roots to estimate the 

instantaneous forward rates.  

The Svensson (1994) model is an extension of the Nelson-Siegel (1987) model. Its 

introduction was motivated to accommodate monetary policy in accounting for the switch 

from fixed exchange rate to flexible exchange rate regimes. The model provides additional 

flexibility by adding a fourth term and two additional parameters to the Nelson-Siegel (1987) 

model and thereby allowing for a second hump- or U-shape term in the yield curve. The 

Svensson (1994) model produces smoother and more regular functions of the yield curve than 

the cubic splines model, according to Jankowitsch and Pichler (2004). Nevertheless, the 

estimating of the parameters of the Nelson-Siegel (1987) and the Svensson (1994) model can 

be a tedious process. This is due to the fact that some parameters (the betas) are linear in value 

and some are non-linear (the taus). In addition, the models can have several local maxima or 

minima in addition to a global maximum or minimum. This attribute requires an estimation 

based on several sets of starting values or basically all sets of starting values in order to be 

certain to have obtained the global mimimum, or maximum (Bolder and Stréliski 1999). 

Term structure models have become increasingly important with the introduction of financial 

instruments such as interest rate derivatives like caps and floors, swaptions and Eurodollar 

futures, among others. However, in recent years they have also provided a basis for technical 

analysis in the fixed income market. The next section presents findings of the application of 

technical analysis particularly in the fixed income market. 

2.4 Technical Analysis in the Fixed Income Market 

Technical analysis in the stock and foreign exchange market has widely been addressed and 

discussed in the academic literature and goes as far back as 1933, where Cowles (1933) 

indicates that the Dow Theory performs worse than a buy and hold strategy. These results, 

however, were later revised by Brown, Goetzmann and Kumar (1998). Literature in favor of 

and against the profitability of technical analysis in the stock and foreign exchange market has 

evolved since then. Nonetheless, the profitability of technical indicators remains an open 
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debate. Positive abnormal returns through the use of technical indicators are recorded in 

Brown, Goetzmann and Kumar (1998), Brock, Lakonishok and LeBaron (1992), Sullivan, 

Timmermann and White (1999), Neely, Weller and Dittmar (1997), among others. Fama and 

Blume (1966), Allen and Karjalainen (1999) and Cowles (1933), among others, do not find 

abnormal returns through technical analysis.  

Literature on technical analysis in the fixed income market is much scarcer than in the equity 

and foreign exchange market. Nevertheless, some papers have analyzed the profitability of 

different technical trading strategies on bonds.  

In these papers, trading strategies are based on term structure model residuals. As a first step, 

the authors estimate the term structure from observed bond prices and use the resulting curve 

to price the outstanding bonds. The modeled bond prices are then compared to the actual bond 

prices in the market. Model residuals that result from that procedure denote the differences 

between actual and fitted prices: 

P0 = P10 + ε0,                                                             (5) 

where: 

P0 = Actual price on day i, 

P10 = Modeled price on day i, 

 ε0 = Model residual on day i. 

Furthermore, the trading strategies discussed in the literature on technical analysis in the fixed 

income markets all base their trading activity on simple MA indicators. As explained in Bauer 

and Dahlquist (1998), MA strategies belong to the most widely used and oldest technical 

indicators employed by technical analysts. This popularity is attributed to the fact that this 

trading signal is easy to implement and provides precise and clear trading indicators. In 

addition, the averaging process smoothes the data and thereby facilitates the detection of an 

underlying trend. Of these MA strategies, the simple MA indicator is the most popular one. 

This tool gives equal weight to historical data over a fixed rolling window.  

The next section presents findings in literature concerning these trading strategies in the fixed 

income market in more detail. 
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Sercu and Wu (1997) estimate the interest rate term structure based on the Vasiček (1977), the 

CIR (1985) and a four, as well as five parameter cubic splines model on Belgian government 

bond data. If the modeled bond prices are higher or lower than the observed bond prices, a 

long or short position is taken, respectively. Results indicate abnormal positive and significant 

returns of about 3% to 6% per annum (p.a. hereafter) over different benchmarks, if trading 

follows the trading signal immediately. These abnormal returns decline but are still present at 

a delay of up to five days after the trading signal is observed. Furthermore, profits from short 

positions are higher than from long positions. In terms of returns, Vasiček (1977) outperforms 

the other models and the cubic splines models perform the worst.  

Sercu and Vinaimont (2006) extend the work of Sercu and Wu (1997). They extend the work 

to eight term structure models and use a benchmark which they consider as an improved 

benchmark with regards to bias and noisiness. They notice that the models they analyze all 

report the same direction of pricing errors and that short-term bonds are typically considered 

to be underpriced. The authors observe abnormal returns of 2% to 4% p.a.. In addition, the 

authors do not find substantial differences in the performance of the various models in terms 

of profitability of the resulting trading strategies.  

Flavell, Meade and Salkin (1994) focus on the profitability of technical analysis in the gilt 

market. Unlike in Sercu and Wu (1997) and Sercu and Vinaimont (2006), a trade is triggered 

only when the modeled prices deviate substantially from the actual prices, not every time a 

deviation occurs. This paper also confirms the profitability of technical analysis in the fixed 

income market based on a quintic splines model with four break points and two extra 

variables. Nevertheless, the authors do not compare the returns with a benchmark, which 

makes an interpretation of their results difficult. The authors further estimate the term 

structure based on the most liquid ‘on-the-run’ gilts. Results show that trading returns are 

higher when the term structure is derived from the full dataset. 

Ioannides (2001) estimates the term structure in the UK government bond market from 1995 

until 1999 using seven estimation procedures, including the Nelson-Siegel (1987) and 

Svensson (1994), as well as the McCulloch (1975) cubic splines models. The author then 

bases trading strategies on the modeled bond prices and chooses the best model as the one that 

produces the highest absolute return vis-à-vis three different benchmarks. Results indicate that 

the Svensson (1994) model provides the best model in terms of goodness-of-fit, measured by 



 

23 

 

the root mean squared error (RMSE hereafter), followed by the Nelson-Siegel (1987) model. 

The RMSE is is the square root of the mean square error. A lower RMSE denotes a better fit 

of a model. The Nelson-Siegel (1987) model, on the other hand, performs best in terms of 

producing abnormal returns. 

Jankowitsch and Nettekoven (2008) find that risk-adjusted trading strategies in the German 

government bond market yield about 15 bps abnormal return over the benchmark p.a. and 

non-risk adjusted trading strategies yield even higher abnormal returns of about 25 to 45 bps. 

They find that pricing errors do contain some economic information and that they are not 

exclusively caused by a misspecification of the model or by differences in liquidity and tax 

treatment of individual bonds. 

Thus, authors that have studied the profitability of technical analysis all agree that basing 

trading strategies on MA strategies in the fixed income market yield positive (abnormal) 

returns. Results are similar across different models and different bond markets. Hence, the 

specific choice of the term structure models used seems to have a negligible impact on the 

results. Therefore, results found in academic literature supports H1 and H3.  

Having laid out the background in term structure estimation, the next section provides more 

details on the actual approach followed in this paper and lays out the research design. 
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3 Research Design  

The following chapter describes the design of the study. It starts out with a description of the 

models applied in this research paper. Furthermore, the data, the trading strategies, the 

benchmark portfolios and the calculation of the returns are described and presented 

afterwards.  

3.1 Term Structure Estimation 

The research paper at hand focuses on the Vasiček (1977), the Nelson-Siegel (1987) and the 

Svensson (1994) model to estimate the term structure of interest rates.  

The application of the Svensson (1994) and the Nelson-Siegel (1987) model results from the 

use of those models in practice. According to BIS (2005), most central banks worldwide, nine 

out of 13, are adopting one of these two methods to model their risk-free interest rate term 

structure. The risk-free interest rate term structure published and built by the Deutsche 

Bundesbank and the European Central Bank, for example, are based on the Svensson (1994) 

model. Although the Svensson (1994) model is more likely to provide a better fit than the 

Nelson-Siegel (1987) model to the term structure because of its additional flexibility, it does 

not imply that the Nelson-Siegel (1987) model underperforms the Svensson (1994) model in 

terms of trading returns, as shown by Ioannides (2001). Therefore both of these models are 

analyzed in this paper, in order to add to the discussion of goodness-of-fit and its impact on 

trading returns.  

The Vasiček (1977) model, on the other hand, is one of the most popular theoretical 

equilibrium models that assumes a purely statistical model for the evolution of interest rates. 

It is one of the most popular models in the credit risk departments and constitutes the basis of 

the Basel II internal-ratings-based approach (Huang 2007). It differs in the approach of 

modeling the term structure of interest rates substantially from the Nelson-Siegel (1987) and 

Svensson (1994) model.  

Thus, these three models are chosen in order to cover different types of popular term structure 

estimation models and to determine whether results are due to model misspecification. 

Furthermore, a comparison of different models is necessary to accept or reject H1 and to find 
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out whether results are similar across models. The following sections present the models in 

detail.    

3.1.1 The Vasiček (1977) model  

Let 3($, #($), 4) denote the price of a zero-coupon bearing bond at time $ maturing at time 4, 

where the underlying variable, the short-rate #($), is described by the following stochastic 

differential equation under the risk-neutral measure Q: 

�#($) = %�$, #($) �$ + &�$, #($) �'                               (6) 

where: 

%�$, #($) �$ = drift term of #($), 

&�$, #($)  = diffusion term of #($),  

�'= standard Brownian Motion with zero mean and unit variance. 

In an arbitrage-free bond market, the pricing equation for an asset that has the short-term 

interest rate as an underlying variable and which is assumed to follow equation (1), is: 

56
57 + (% − 9&) 56

5� + 

: &: 5;6

5;� − #3 = 0                                            (7) 

and 

3(4, #($), 4) = 1                                                              (8)                                                           

where: 

% = drift term, 

& = diffusion term, 

9 = market price of risk. 

The Vasiček (1977) model is one of the oldest stochastic models that specifies the Q-

dynamics for the short rate r(t). The Q-dynamics for the short rate r under the Vasiček (1977) 

model are specified as follows: 

�# = (> − ?#)�$ + &�',      ? > 0,                                                  (9) 

where: 

&, ? and > are constants,  

�' = standard Wiener process with zero mean and unit variance,  



 

26 

 

r = current level of interest rates. 

Pricing equation (2) thus becomes the following under the Vasiček (1977) model: 

56
57 + A(> − ?#) − 9&B 56

5� + 

: &: 5;6

5;� − #($)3 = 0.                                     (10) 

 

The parameters &, ? and > that need to be estimated in order to fit the Vasiček (1977) model 

to the observed interest rate term structure in the market can be estimated by inverting the 

yield curve. However, it is much easier to apply an affine term structure (ATS hereafter) from 

an analytical and computational point of view (Björk 2009). A model is said to possess an 

ATS if the price of an asset, with r(t) as the underlying short rate, can be determined by: 

3($, #($), 4) = DE(7,F)GH(7,F)�(7),                                              (11) 

where A(t,T) and B(t,T) are deterministic functions. 

The Vasiček (1977) model possesses such an ATS,  

where: 

I($, 4) = 

J K1 − DGJ(FG7)L                                                (12) 

M($, 4) = A(7,F)GF�7BNJOGP
;Q;R

J; − Q;H;(7,F)
SJ                                      (13) 

The annualized yield of a bond under the Vasiček (1977) model through equation (12) and 

(13) is equal to: 

Y(t, T) = H(7,F)�(7)GE(7,F)
F                                                    (14) 

The Vasiček (1977) model assumes a mean reverting Gaussian Ornstein-Uhlenbeck process 

for the underlying short rate, where r(t) is ~ N(
O
J, Q

√:J). When the current level of interest rates 

exceeds the long run mean, the drift term becomes negative and the interest rate is thus pulled 

back towards the long run mean. a determines the speed of mean reversion at which the rate is 

pulled towards its long run mean. The major drawback of this model is the possibility of 

obtaining negative interest rates, as described in detail in the literature section of this paper. It 

is not considered to be a very flexible interest rate model, treats volatility as a constant and 



 

27 

 

cannot produce certain shapes of the yield curve, such as the inverted shape, which are also 

considered as drawbacks. 

3.1.2 The Nelson-Siegel (1987) model 

The formula for the corresponding spot rates in the Nelson-Siegel (1987) model is:  

r(t, T) = βX + β
 Y 
GZ[\ (G]^_
`P )

]^_
`P

a + β: Y 
GZ[\ (G]^_
`P )

]^_
`P

− exp (− eG+
fP )a,           (15) 

βX > 0, τ
 > 0 

where:  

hX, h
, h: and l
 are the parameters to be estimated, 

 r(t,T) = spot rate at time t maturing at T. 

The limiting value of r(t,T), as T increases is hX and (hX + h
) as T becomes small. The long-

term component of the yield curve is represented by hX, the medium-term component by h: 

and the short-term component by h
. This is intuitive as hX is a constant which does not 

decrease to zero in the limiting value. h: is equal to zero in the short- and long-term and h
 

decays the fastest.  

3.1.3 The Svensson (1994) model 

Under the Svensson (1994) model, the spot rates take the following functional form:  

r(t, T) = βX + β
 Y 
GZ[\ (G _
`P)

_
`P

a + β: Y 
GZ[\ (G _
`P)

_
`P

− exp (− +
fP)a + βm Y 
GZ[\ (G _

`;)
_

`;
−

    exp (−tτ2), β0>0, τ1>0, τ2>0,                                                                                  (16) 

where: 

hX, h
, h:, hm, l
, l: are the parameters to be estimated, 

r(t,T) is equal to the spot rate at time t maturing at T.  

Svensson (1994) shows that when the actual yield curve exhibits a more complex shape, the 

Nelson-Siegel (1987) model provides unsatisfactory results in terms of goodness-of-fit. This 

problem of unsatisfactory results can be overcome by the Svensson (1994) model, that is able 
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to produce a second hump. Nevertheless, the Nelson-Siegel (1987) model typically provides 

satisfactory results. 

The term structure estimation models described previously are all applied in order to 

minimize pricing errors, not yield errors in this research paper. This approach of minimizing 

pricing errors, according to Svensson (1994), is the standard approach since McCulloch 

(1971, 1975) and was also applied by Sercu and Wu (1997) and Sercu and Vinaimont (2008). 

According to BIS (2005), it is also the easier method, from a computational point of view.  

The term structure is fitted using non-linear least squares method for all models. 

3.2 Data 

The research at hand studies the profitability of technical analysis with a focus on the German 

Euro-denominated government bond market. The reason for choosing the German 

government bond market lies in its liquidity, size and benchmark status. Germany enjoys 

benchmark status to reflect the term structure of risk-free interest rates in the Eurozone 

(Eysing and Sihvonen 2009). Furthermore, it belongs to one of the most liquid and largest 

bond markets in the world. It has the tightest bid-ask spreads in the Eurozone, with an average 

of about € 0.048 in 2011. The outstanding volume of tradable Euro-denominated German 

government securities was € 1.091 bn as of April 6th, 2011. Total trading volume of these 

securities in 2010 was € 5.736 bn, with a monthly average of € 478 bn (Finance Agency of the 

Federal Republic of Germany 2011). 

Eysing and Sihvonen (2009) were not able to detect any substantial ‘on-the-run-liquidity 

phenomenon’ (Eysing and Sihvonen 2009, p. 43) in the German government bond market. 

Therefore, the data includes both on- as well as off-the-run issues. In addition, the data only 

comprises option-free, non-inflation-linked coupon-bearing German government bonds. Zero-

coupon BuBills, with an initial maturity of six and twelve months, are excluded from the data, 

since they are only traded on the open market. Consequently, the data comprises 

Bundesschatzanweisungen (Schatz hereafter) with an initial maturity of two years, 

Bundesobligationen (Bobls hereafter) with an initial maturity of five years, Bundesanleihen 

(Bunds hereafter) and Buxls with an initial maturity of ten or 30 years. As mentioned in the 

BIS (2005) paper, the Bundesbank also includes long-term issues in order to estimate the term 

structure of interest rates which justifies the inclusion of Buxls in the study at hand, although 
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they exhibit a lighter trading volume. For the short end of the curve with a maturity of up to 

six months, the Euro Interbank Offered Rates (EURIBOR hereafter) are taken as an input to 

the term structure estimation process. Although EURIBOR rates carry credit risk in contrast 

with BuBills, they are more liquid and thus considered as a more appropriate input variable 

for the study at hand. A description of the data is listed in Table 1. 

Information about the outstanding German government bonds was retrieved from the website 

of the Bundesbank. The Bundesbank provides details, such as the International Securities 

Identification Number (ISIN hereafter), on the outstanding bonds from January 4th, 2010 

onwards. The advantage of this information is the provision of details about bonds that have 

already matured. This information facilitates the retrieval of the closing bid and ask prices for 

each bond from Bloomberg. Hence, the data covers the time period from January 4th, 2010 

until the latest date available, June 16, 2011. Furthermore, the data is adjusted for holidays. 

Good Fridays, Easter Mondays, Christmas Eve and New Years Eve are deleted from the data. 

Moreover, no trading is assumed within the last six months before maturity, since trading 

activity is generally low during that time. This implies the entire deletion of some bonds from 

the data and for some bonds it means deleting the data within the last six months before 

maturity. The latter does not concern the buy and hold benchmark portfolio. A detailed 

description of the adjustments on the data is presented in Table 2. These adjustments result in 

a total number of 59 bonds with data covering 373 trading days with time to maturity ranging 

from one to 30 years.  

3.3 Trading Strategies 

In terms of trading strategy, this paper follows the approach used by Jankowitsch and 

Nettekoven (2008). Hence, it applies a simple MA strategy, in which the current pricing error 

is compared to the average pricing error over a certain number of past days.  

The pricing errors are defined as: 

ε0.+ = P0,+ − P10,+,                                                           (17) 

where: 

P0,+ = Actual dirty price of bond i on day t, 

P10,+ = Modeled price of bond i on day t, 
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 ε0,+ = Model residual or pricing error of bond i on day t, 

1 ≤ p ≤ 59. 

Unlike in Sercu and Vinaimont (2006), this paper considers a bond as over- or underpriced if 

the current pricing error deviates from the past average pricing errors substantially. In Sercu 

and Vinaimont (2006), a buy or sell signal is triggered whenever the model price deviates 

from the actual price. Nevertheless, a substantial amount of trading activity can occur from 

such a trading rule, which does not seem feasible in practice. 

Hence, a bond is considered as over- or underpriced under the following circumstances: 

If ε0,+ >  %0,+ + m ∙ σ0,+   bond i is considered as overpriced on day t, 

If ε0,+ < μ0,+ − m ∙ σ0,+    bond i is considered as underpriced on day t. 

where: 

μ0,+ = 

u ∑ ϵ0,x+G
x�+Gu  , 

σ0,+ = 

uG
 ∑ (ϵ0,x+G
x�+Gu − μ0,+): , 

y is the multiplier with y ∈ {0; 0.5; 1; 1.5; 2; 2.5}, 
k equals the number of past days included in the MA strategy with ~ ∈ {10; 20; 30; 40; 50}. 
If the bond is considered as overpriced or underpriced, a sell or buy signal, respectively, is 

triggered. 

Like in Jankowitsch and Nettekoven (2008), this research paper takes transaction costs into 

account. Thereby bonds are bought at the ask price and sold at the bid price generated by the 

Bloomberg generic price source. Even though trading typically occurs somewhere between 

the quoted bid and ask prices, this procedure allows for a more conservative approach and 

more robust results. Moreover, only long positions are considered in this research, like in 

Jankowitsch and Nettekoven (2008) and short positions are neglected. For each bond, the day 

count convention ACT/ACT is applied, since that is the common procedure for German 

government bonds (BGB §288).  

For each term structure model and thus, for each set of trading signals, different portfolios are 

created. For each portfolio, it is assumed that no trading occurs within the six months prior to 

maturity. Thus, a corresponding bond has to be sold at the latest six months to maturity. 
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The next section describes the trading strategies and the portfolios that result from these 

trading strategies. 

3.3.1 Trading Strategy 1 

The trading strategy that results in Portfolio 1 is laid out in the following section. Whenever a 

sell signal occurs, the long position in the corresponding bond is closed and the money is 

invested in the Euro OverNight Index Average (EONIA hereafter) rate. Hence, the notional 

amount that is available for investment through a sale of the corresponding bond position is 

not redistributed among the portfolio. The first trading day is considered as the first day when 

a signal occurs, which depends on the parameter k. For instance, when k is equal to ten, the 

first trading day is not January 4th, 2010 but ten trading days later. On the first trading day, as 

long as no sell signal is given, the bond is acquired. In case of a sell signal on the first trading 

day, the money is invested in the EONIA rate. Each bond position has an equally weighted 

starting value.  

Whenever a bond is held on the coupon date, this coupon is re-invested in the same bond. 

Furthermore, when a bond has to be sold because it matures in six months, this value is then 

redistributed equally among the other positions, regardless of whether these positions are 

invested in the bond or in the EONIA rate. Whenever a new bond is issued, an equal amount 

out of every other position is taken and invested in the new bond, such that this newly issued 

bond has the same value as the bonds at the beginning of the trading period.  

3.3.2 Trading Strategy 2 

Portfolio 2 follows the approach used by Jankowitsch and Nettekoven (2008). Whenever a 

sell signal for a bond occurs, the bond is sold and the notional amount is re-distributed among 

the other bonds that explicitly exhibit a buy signal on the same day the corresponding bond 

exhibits a sell signal. Although this assumes simultaneous trading at the closing price, which 

might not seem appropriate, it is considered to provide feasible results for the study at hand. 

The bonds in the portfolio are constrained to possess a weight higher than a certain percentage 

x, where � ∈ {0.02; 0.03; 0.04; 0.05; 1}, to ensure sufficient diversification. Although x 

equaling one does not ensure diversification it allows an analysis of the effect of weight 

constraints on the performance of the portfolio. If the notional amount of investments 

available is smaller than the amount of money set free from selling a bond, the money that is 
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left over is invested in the EONIA rate. Such a case would occur if the bonds that exhibit a 

buy signal already have a weight equal to or higher than x. On the other hand, whenever a buy 

signal occurs and the weights are still in line with the weight constraints, money that is 

invested in the EONIA rate is taken out and invested in the bond that exhibits a buy signal.  

3.4 Benchmark Portfolios 

Choosing an appropriate benchmark portfolio is a critical subject in literature. Sercu and Wu 

(1997), Sercu and Vinaimont (2006), Jankowitsch and Nettekoven (2008) Ionnides (2001), 

Flavell, Meade and Salkin (1994) all use different and several benchmark portfolios.  

This research paper, however, follows the method used by Jankowitsch and Nettekoven 

(2008) more closely. The authors use a buy and hold portfolio of the bonds that constitute 

their portfolios and a German government bond index as benchmark portfolios. This paper 

follows their approach and compares the trading returns from each portfolio for each model 

with a simple equally weighted buy and hold portfolio and a German government bond index. 

This facilitates a risk-adjusted comparison and the determination of the added value achieved 

through trading on the basis of trading rules. Nevertheless, unlike in Jankowitsch and 

Nettekoven (2008), the eb.rexx Government Germany Overall Index (TRI) constitutes the 

benchmark government index portfolio in this research paper. This index is a representative 

index of all Euro-denominated German government bonds with a remaining time to maturity 

of at least 1.5 years. The advantage of this index over the one used in Jankowitsch and 

Nettekoven (2008) is the inclusion of government bonds with a maturity of up to 30 years. 

The data in this paper also includes such long-term government bonds. The index referred to 

in Jankowitsch and Nettekoven (2008), on the other hand, does not include bonds with a 

maturity of more than 10 years. As a consequence, the chosen index is a more appropriate 

benchmark index for the study at hand.  

Unfortunately, since the duration of the eb.rexx Government Germany Overall Index (TRI) is 

not accessible, the portfolios can only be compared with the government bond index on a non-

risk-adjusted basis. However, the returns on the buy and hold portfolio can be compared with 

the returns of trading strategies on a risk-adjusted basis as well. Risk-adjustment in this case 

means matching the Macaulay duration of the portfolios and the buy and hold benchmark 

portfolio. This implies that whenever the Macaulay duration of one portfolio exceeds the 
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other, a portion of the portfolio with the higher duration is invested in the EONIA rate, such 

that the portfolios are duration matched. Although Macaulay duration does not guarantee 

perfect risk-adjustment, which would be improved through Modified Duration and Convexity 

matching, Macaulay Duration is considered as sufficient to provide valid results. This results 

from the fact that Macaulay Duration is able to hedge a large portfion of the interest rate risk. 

Daily data on duration for each bond is retrieved from Bloomberg.   

A contrarian weighting scheme, where the weights for each bond depend on the size of the 

pricing error, is not applied in this paper, as it is not considered as optimal by Sercu and Wu 

(1997). 

3.5 Trading Returns 

The daily return on the portfolio is equal to r+���+���0�, where: 

r+���+���0�

= ∑ ��,7G
 ∙ 3�,7 + ��p�D�$D� �?�p$?�7G
 ∙ N1 + 1360 ∙ #7G
����ER + ������ 3?�yD�$����

∑ ��,7G
 ∙ 3�,7G
 + ��p��D�$D� �?�p$?����


− 1 

(18) 

where: 

n is the number of outstanding bonds,  

#7����E is the annualized yield on the EONIA rate on day t, which is obtained using the day 

count convention ACT/360, 

3�,7 is the dirty market price on day t. 

In case a bond is acquired or sold on day t, 3�,7 is equal to the ask price plus accrued interest 

or the bid price plus accrued interest on day t, respectively. The return of the portfolio over 

the covered time period is: 

r+e�+�� = (1 + rX���+���0�) ∙ �1 + r
���+���0� ∙ �1 + r:���+���0� ∙ �1 + rm���+���0� ∙ (1 + rS���+���0�) ∙
… ∙ (1 + reG
���+���0�) ∙ (1 + re���+���0�)                                                                                       (19) 

The annualized return of this portfolio is: 

r+������0�Z� = �_]�_��
 :¡ ∙ 365                                                (20) 
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r+e�+�� is divided by 528 since the time period from January 4th, 2010 until June 16th, 2011 

covers 528 calendar days. 
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4 Data Analysis 

The following section begins with a description of the different types and shapes of yield 

curves that result from fitting the different models to the observed bond prices. Afterwards, 

the pricing errors obtained are discussed. This section ends with an analysis of the returns that 

result from the different trading strategies. 

4.1 Shape of the Yield Curve 

The estimation of the parameters for each model enables the daily modeling of zero curves. 

The next section describes these curves. 

Figures 1 through 4 present the term structures resulting from fitting the Vasiček (1977), the 

Svensson (1994), as well as the Nelson-Siegel (1987) model to the observed bond market 

prices on January 4th, 2010, July 1st, 2010, January 3rd, 2011, as well as June 16th, 2011, 

respectively. The graphs indicate the similarity between the Nelson-Siegel (1987) and the 

Svensson (1994) model. Figures 3 and 4 show that the Svensson (1994) model is able to 

create a dip in the short end and a hump in the long end, whereas the Nelson-Siegel (1987) 

model only creates one hump in those figures. The figures indicate that the Nelson-Siegel 

(1987) model produces yields that deviate from the yields produced by the Svensson (1994) 

model especially in the long end, depicted by the the larger differences in pricing errors 

between the two models. The Vasiček (1977) model, on the other hand, is able to create a 

hump shaped curve as well as an upward sloping curve in the long end, as can be observed 

from these four figures. Unlike the other two models, it does not create a dip in the short end. 

As explained by Vasiček (1977), the model can only create three types of shapes of the yield 

curve: monotonically increasing, monotonically decreasing and a humped curve.  

Figures 5, 6 and 7 further present the yield curves under the Vasiček (1977), the Svensson 

(1994) and the Nelson-Siegel (1987) model, respectively, for seven different dates. Figure 5 

shows the yield curves under the Vasiček (1977) model and how it either creates a hump 

shape or an upward sloping curve. Figure 6 depicts the curves under the Svensson (1994) 

model. The figures show that the model is able to create a hump shaped curve with or without 

a dip in the short end. Figure 7 depicts the yield curves under the Nelson-Siegel (1987) 
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model. Thereby the Nelson-Siegel (1987) model is only able to create either a dip or a hump 

in the curve.  

These descriptions only provide indications and might not appropriately represent the yield 

curves the different models are able to build. Nevertheless, the graphs give an indication of 

the shape of the yield curves obtained in this research paper and support prior literature 

discussions on the shapes in the curve these models are able to plot.  

The next section presents the pricing errors obtained from calibrating the models to market 

data. 

4.2 Pricing Errors 

The modeled prices are determined by discounting the cash flows of the bonds with the 

appropriate discount factors, on a continuously compounded basis. These discount factors 

depend on the estimated term structures of the Vasiček (1977), Svensson (1994) and Nelson-

Siegel (1987) model, which were described in the previous section. The modeled prices that 

are the outcome of that process are then compared to the actual observed prices in the market. 

The discrepancies between these two prices, depicted by the pricing errors ε0.+, where ε0.+is 

equal to the actual minus the modeled price, are presented in the next section. Thus, when ε0.+ 
is positive, the bond in the market is considered to be overvalued and vice-versa. 

In order to get a picture of how pricing errors may differ across maturities, Figures 8 through 

12 depict the daily pricing errors for five bonds maturing in 2012, 2016, 2021, 2031 and 2042, 

respectively. Whilst the pricing errors for a bond maturing in in 2012 (Figure 8) range from 

about € 0 to € 3.5, the pricing errors for a bond maturing in 2042 (Figure 12) range from 

about € -4 to € 8. Furthermore, compared to Figures 8, 9, 11 and 12, the pricing errors in 

Figure 10 depict a spike in the beginning of the observation period rather than towards the 

end. In addition, Figures 11 and 12, containing bonds with longer maturities, show a higher 

number of pricing errors in the negative area than in the other figures, implying a higher 

frequency of underpricing. These observations underline the importance of acknowledging 

that pricing errors do not behave the same across bonds. Although the pricing errors derived 

from the Vasiček (1977) model are the largest for the bonds maturing in 2012 and 2016 

(Figure 8 and Figure 9, respectively), this is not the case for the bond depicted maturing in 

2021 (Figure 10). Furthermore, the figures show that the Nelson-Siegel (1987) and the 
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Svensson (1994) pricing errors behave more similar in the short run, depicted by smaller 

differences in the size of the pricing errors in the bonds maturing in 2012, 2016 and 2021 

(Figures 8, 9, and 10, respectively) than in the long run, depicted by larger differences in 

pricing errors for the bonds maturing in 2031 and 2041 (Figures 11 and 12, respectively). As 

stated by Svensson (1994), the Svensson (1994) model might fit the term structure better in 

case of higher complexity due to its additional flexibility through the added term in the 

functional form. Thus, the observations in these figures support the previously made 

assumption that the yield curve under the Svensson (1994) and the Nelson-Siegel (1987) 

model differ in the long end in particular, shown by the larger differences in pricing errors. 

These figures further indicate erratic behavior of the pricing errors under the Vasiček (1977), 

less under the Nelson-Siegel (1987) and least under the Svensson (1994) model. Moreover, 

they indicate the ability of the Svensson (1994) model to perform best in terms of goodness-

of-fit, shown by the pricing errors closest to zero, and worst in case of the Vasiček (1977) 

model.  

Figures 13 through 15 depict the average (absolute), minimum and maximum daily pricing 

error across all bonds sorted by maturity, respectively. Table 3, 4 and 5 further give a quick 

overview over the entire data. These tables depict the mean absolute, minimum and maximum 

daily pricing error, respectively, their standard deviations as well as their maximum and 

minimum value.   

The average absolute daily pricing errors (Figure 13) in general fall between € 0 and € 1.3, 

with the exception of two outliers under the Vasiček (1977) model. These outliers range to 

about € 3.5, as presented. On these two dates where these outliers occur, the Vasiček (1977) 

model has trouble fitting the term structure generally, as all the pricing errors for every bond 

on that day are substantially higher than on the trading day before or after. Again, the Vasiček 

(1977) model depicts the most erratic behavior and the Svensson (1994) model produces the 

pricing errors closest to zero. Tables 3, 4 and 5 show that the average absolute daily pricing 

error for each model ranges from about € 0.33 to € 0.86 and that the Svensson (1994) model 

producest the lowest average pricing errors, followed by the Nelson-Siegel (1987) model and 

with the Vasiček (1977) model producing average pricing errors about three times the size as 

under the Svensson (1994) model. Interestingly, the table depicts a lower standard deviation 
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of the average absolute pricing errors under the Vasiček (1977), than under the Nelson-Siegel 

(1987) model.  

Figure 14 presents the minimum daily pricing errors for each model. These errors range from 

about 0 to about € -5. The Svensson (1994) model produces the pricing errors closest to 0. 

The Vasiček (1977) model, on the other hand, seems to perform the worst in terms of 

goodness-of-fit and depicts erratic behavior. These results are confirmed by looking at the 

minimum daily pricing errors depicted in Tables 3 to 5.  

The maximum pricing errors on a daily basis range from about € -1 to about € 8, as Figure 15 

presents. Figure 15 indicates that the Vasiček (1977) model outperforms both of the other 

models in terms of goodness-of-fit and that the Nelson-Siegel (1987) model performs the 

worst. This finding is further confirmed by Tables 3 to 5, which also presents the Vasiček 

(1977) model as the best performing model in terms of goodness-of-fit and the Nelson-Siegel 

(1987) model as the worst with regards to the maximum daily pricing error. Furthermore, the 

standard deviation of the maximum daily pricing errors is substantially higher under the 

Nelson-Siegel (1987) than under the Vasiček (1977) model. These results from the minimum 

daily and maximum daily pricing errors indicate that the Vasiček (1977) tends to produce 

more pricing errors in the negative area than the other models. In general, about 24% of the 

pricing errors under the Nelson-Siegel (1987) and under the Vasiček (1977) model are 

negative and only in about 18% of the cases under the Svensson (1994) model. Thus, the 

Vasiček (1977) and the Nelson-Siegel (1987) model produce more negative pricing errors 

than the Svensson (1994) model and thus, regard more bonds outstanding as underpriced. 

Generally, the pricing errors exhibit a dependence on the maturity and increase with time to 

maturity. This finding is supported by Ioannides (2001).  

In order to get a better picture of how the models are able to fit the yield curve in the short, 

medium and long end, Figures 16 through 18 depict the mean (absolute), minimum and 

maximum pricing error for each model for each bond, sorted by maturity.  The picture looks 

different when analyzing the pricing errors for each bond. The Vasiček (1977) model 

produces much larger mean absolute pricing errors than the other two models in the short- and 

medium-end of the curve, as assumed before and depicted in Figure 16. Conversely, the 

Nelson-Siegel (1987) model produces the largest mean absolute pricing errors in the long-run. 
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This pattern can also be observed in the figures presenting the minimum and the maximum 

pricing error per bond (Figure 17 and Figure 18). Such a pattern indicates that the Nelson-

Siegel (1987) model is not able to fit the term structure in the long end as well as the 

Svensson (1994) model, due to the added term that provides flexibility to the Svensson (1994) 

model, as assumed earlier.  

Moreover, like indicated in the previous section, these figures tilt towards the Svensson 

(1994) model as the best model in terms of goodness-of-fit but show that the model has more 

problems to fit the term structure in the long-end than the Vasiček (1977) model. Figures 16 

and 18 support this assumption. These figures show that the absolute mean and maximum 

pricing errors for bonds with long maturities are much larger under the Svensson (1994) than 

the Vasiček (1977) model.  

The distribution of the pricing errors under each model is depicted in Figures 20, 21 and 22. 

The corresponding kurtosis and skewness are presented in Table 7. These results show that 

the Vasiček (1977) model is the model that produces pricing errors that are the closest to 

being normally distributed, with a kurtosis closest to three and skewness closest to zero. The 

kurtosis of both of the other models indicates a peaked distribution, through its positive 

kurtosis higher than three. The positive skewness values indicate that these two models 

produce pricing errors that are skewed to the right. Thus, none of the models produce pricing 

errors that are normally distributed. Moreover, the figures show that the Svensson (1994) 

model fits the prices better to the observed market bond prices than the other two models, 

with a larger  amount of pricing errors clustering around zero. The distribution of the pricing 

errors of the Vasiček (1977) model support the assumption made previously that the Vasiček 

(1977) model tends to view outstanding as underpriced. 

Results so far are not conclusive to determine which model performs best in terms of 

goodness-of-fit. Therefore, in order to have a sound statistical measure for the performance of 

the models in terms of goodness-of-fit, Figure 19 depicts the RMSE for each bond. This 

figure confirms the results derived so far. The Vasiček (1977) model produces the worst 

results, in terms of goodness-of-fit, over the short- and medium-horizon. The Nelson-Siegel 

(1987) model clearly underperforms in the long-run. The Svensson (1994) model outperforms 

the other two models. The assumption that the Vasiček (1977) model performs better than the 

Svensson (1994) model in the long-end cannot be confirmed by the RMSE. This figure 
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confirms the findings derived above that the Svensson (1994) model outperforms both of the 

other models, the Vasiček (1977) model underperforms the other models in the short- and 

medium-run and that the Nelson-Siegel (1987) model underperforms the other models in the 

long-run. Furthermore, Table 6 presents the RMSE under each model for the entire data. This 

table clearly presents the Svensson (1994) model as the superior model in terms of goodness-

of-fit and shows that the Vasiček (1977) and the Nelson-Siegel (1987) model hardly differ 

from each other in terms of goodness-of-fit on the entire data. 

Findings so far differ from discussions in literature. Jankowitsch and Nettekoven (2008) 

report a mean absolute pricing error under the cubic splines model by McCulloch (1975) of 

9.55 and 9.63 bps for the Svensson (1994) model. The authors further present a minimum 

daily pricing error of -35 bps and a maximum pricing error of 37 bps for the cubic splines 

model and -36.17 and 43.35 bps for the Svensson (1994) model. These pricing errors are 

much smaller than the ones reported in this paper. Since the authors exclude bonds with a 

maturity of more than ten years, Figures 23 and 24 present the average absolute daily pricing 

errors for bonds maturing in 2021 and bonds maturing thereafter, to facilitate a comparison. 

These figures clearly show that most of the variation in the pricing errors stems from the 

pricing of bonds with a maturity of more than ten years. When only taking in consideration 

bonds that mature the latest in 2021 in (Figure 23), the average absolute daily pricing errors 

under the Svensson (1994) and Nelson-Siegel (1987) model range between € 0.15 and € 0.5. 

The average absolute daily pricing errors under the Vasiček (1977) model generally range 

from € 0.5 to € 1, with the exception of the two outliers identified earlier. For bonds maturing 

after 2021, as depicted in Figure 24, the pricing errors range from about € 0.5 to € 2.7 under 

the Svensson (1994) and the Nelson-Siegel (1987) model and from about € 0.5 to about € 3.6 

for the Vasiček (1977) model. Hence, the inclusion of bonds with a maturity of more than ten 

years adds to the substantial differences in pricing errors in comparison with literature. Still, 

many other factors could also influence these large discrepancies, such as the time period 

covered, which will not be discussed further in this research paper. 

Ioannides (2003) reports mean absolute daily out-of-sample residuals on UK treasury bills 

and gilts data ranging from 28 to 171 bps for the Nelson-Siegel (1987) model and from 36 to 

124 bps for the Svensson (1994) model, bringing the results closer to the study at hand. For 

the Vasiček (1977) model, Sercu and Vinaimont (2006) find average absolute daily model 
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residuals ranging from 8.3 to 24 bps. Out of the seven term structure models they analyze, the 

Vasiček (1977) model belongs to one of the worst models in terms of goodness-of-fit. 

Goodness-of-fit is thereby measured by the average absolute pricing error, RMSE, 

autocorrelation and average run length. Nonetheless, since the authors do not compare the 

Vasiček (1977) to the Svensson (1994), or the Nelson-Siegel (1987) model, it is difficult to 

interpret these rankings with regards to the research project at hand. 

These large discrepancies to prior research might suggest that the pricing errors are due to 

model misspecification and do not contain any economic information. In order to analyze this, 

as in Jankowitsch and Nettekoven (2008), the hitting ratio for each model and the coincidence 

frequency between those models is determined. The hitting ratio displays the ratio of the 

absolute pricing errors that are smaller than the bid-ask spreads. This hitting ratio helps to 

determine to what degree the pricing errors stem from the variation in the bid-ask spreads.  

The hitting ratios for the pricing errors under the Vasiček (1977), Svensson (1994) and 

Nelson-Siegel (1987) model are 2.49%, 7.83%, 5.84%, respectively. Jankowitsch and 

Nettekoven (2008) calculate a hitting ratio of 20% for the cubic splines model. Thus, the 

pricing errors are economically significant and the results from the trading strategy should not 

solely result from the variation in the bid-ask spreads.  

Furthermore, if the pricing errors contain economical information, an underpriced bond under 

the Vasiček (1977) model should be underpriced under the Svensson (1994) and the Nelson-

Siegel (1987) model as well. For this reason, like in Bliss (1997) and Jankowitsch and 

Nettekoven (2008), the coincidence frequency is calculated. This frequency measure 

calculates the frequency in percentage in which the pricing errors of two models fall into the 

same error category. The error categories are divided into five categories, namely:  

highly negative (pricing error < -0.3 bps),  

negative (-0.3 ≤ pricing error < -0.05),  

zero (-0.05 ≤ pricing error < 0.05),  

positive (0.05 ≤ pricing error < 0.3) and  

highly positive (0.03 ≤ pricing error).  
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If the pricing errors contain economical information and are not only due to model 

misspecification, the pricing errors should fall into the same categories. This frequency 

measure is expected to be high for the Nelson-Siegel (1987) and Svensson (1994) model, 

since the Svensson (1994) is an extension of the Nelson-Siegel (1987) model. The results are 

presented in Table 8.  

While in Jankowitsch and Nettekoven (2008) the coincidence frequency between the 

McCulloch (1975) and the Vasiček (1977) model is 50%, Table 8 shows that the coincidence 

frequency between the Svensson (1994) and the Vasiček (1977) as well as the Nelson-Siegel 

(1987) and the Vasiček (1977) model is only 15.56% and 28.08%, respectively. The 

coincidence frequency between the Nelson-Siegel (1987) and the Svensson (1994) model, on 

the other hand, is 61.09%.  

Although the coincidence frequency is relatively low, the picture looks a bit different when 

regarding the frequency of the pricing errors that deviate by one category from each other 

depicted in Table 9. 43.71% of the errors of the Nelson-Siegel (1987) and Vasiček (1977) 

model deviate by one category from each other. For the Svensson (1994) and the Vasiček 

(1977) model the corresponding frequency percentage is 41.43%. 25.8% of the pricing errors 

under the Svensson (1994) and the Nelson-Siegel (1987) model deviate by one category from 

each other.  

Moreover, the percentage of pricing errors that share the same sign is depicted in Table 10. 

64.12% of the pricing errors under the Svensson (1994) and Vasiček (1977) model have the 

same sign. The Nelson-Siegel (1987) and Vasiček (1977) model agree about the sign of the 

pricing errors in 77.64% of the cases. This number is higher for the Svensson (1994) and 

Nelson-Siegel (1987) model, where the sign is the same in 80.19% of the cases. Jankowitsch 

and Nettekoven (2008) report that 83% of the pricing errors share the same sign and 40% 

deviate by only one error category from each other.  

Although the results regarding the sign and magnitude of the pricing errors in comparison for 

each model are not as straightforward as in Jankowitsch and Nettekoven (2008), some degree 

of coincidence frequency exists. This conclusion results from the high portion where two 

models depict pricing errors in the same error or category or in one deviating category. These 

results imply that the pricing errors do contain some economic information.  
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4.3 Trading Signals 

Having looked at the pricing errors in detail, the next section analyzes the amount of trading 

signals produced under the different trading strategies and the impact of this on the trading 

rules. The knowledge of this information facilitates a justification and an interpretation of the 

results on the trading returns. 

In order to get an overview of the impact of the multiplier m and the number of historical days 

included in the trading strategy, k, on the turnover in each bond, Figures 25 and 26 present the 

average number of buy and sell signals per bond, respectively, over the entire time frame 

under consideration. Both of the figures show that the number of trading signals resulting 

from the trading strategies is dependent on m and only slightly on k. For any k remaining 

equal, moving from m equal to zero to m equaling 2.5 leads to a decrease in the number of 

buy and sell signals from about 160 and 140 on average, respectively, to about zero to ten on 

average. On the other hand, keeping m equal, increasing k from ten 50 only leads to a slight 

decrease in trading signals. Figure 27 shows that on average more buy than sell signals for 

each bond are produced, which is surprising since the models tend to consider the outstanding 

bonds in the market as overpriced.  

Consequently, a trading strategy where the buy and sell signals require a substantial deviation 

from the average pricing error over the past leads to a substantial drop in turnover of the 

trading strategies. Furthermore, the amount of trading signals produced is not affected by the 

amount of historical data included in the trading strategy. Hence, these results indicate that a 

higher m leads to a trading strategy getting closer to a buy and hold trading strategy.  

4.4 Returns 

The next section presents the annualized returns for each trading strategy under the Vasiček 

(1977), Svensson (1994) and Nelson-Siegel (1987) model and compares them to the 

benchmark portfolios. Portfolio 1 thereby indicates a portfolio where no redistribution among 

other bonds is undertaken. Portfolio 2, on the other hand, redistributes wealth among other 

bonds as long as the bonds do not exceed a position in the portfolio higher than a certain 

percentage x. 
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4.4.1 Portfolio 1 

The annualized returns for Portfolio 1 under each model, not duration matched, as well as the 

annualized returns for the buy and hold benchmark portfolio and the eb.Rexx Index, for each 

k and each m are presented in Figure 28. The models clearly underperform both of the 

benchmarks. However, Portfolio 1 under each model might have a lower risk-profile than the 

two benchmark portfolios since a portion of that portfolio is invested in the EONIA rate, 

which carries a lower risk-profile than the bonds, as it matures in one day. Therefore, 

comparing the portfolios on a risk-adjusted basis is crucial to get valid results. 

Therefore, Figures 29, 30 and 31 present the duration-matched annualized returns for the 

Vasiček (1977), Svensson (1994) and Nelson-Siegel (1987) model, respectively. The 

annualized returns are compared to the annualized returns of the buy and hold portfolio on a 

risk-adjsuted basis and to the returns of the eb.Rexx Index. Several patterns become apparent 

from these figures. First of all, none of the models is able to beat the eb.Rexx Index and in 

some case, the trading strategies even produce negative returns. Nonetheless, since the returns 

on the index are not risk-adjusted, a valid comparison is rather difficult. Furthermore, the 

Nelson-Siegel (1987) and Svensson (1994) model are not able to beat the buy and hold 

benchmark portfolio under any scenario. The same is the case for the Vasiček (1977) model 

with some exceptions where m is equal to 0.5. Although all models underperform the 

benchmark portfolios, the Vasiček (1977) model performs the best, as it follows the returns of 

the buy and hold portfolio the closest. The performance of the Vasiček (1977) model suggests 

that the ability of a model to detect price discrepancies in the market does not solely depend 

on the goodness-of-fit of the model. Although the Vasiček (1977) model performed relatively 

badly in terms of goodness-of-fit, at least in the short- and medium-end of the curve, it 

manages to outperform the other two models on the trading strategy that Portfolio 1 is based 

on. Thus, differences between models become apparent in terms of trading performance, 

which indicates a rejection of H1. Another pattern becomes apparent when looking at the risk-

adjusted returns of Portfolio 1 under each model. Under the Vasiček (1977) model, it 

becomes clear that the more the pricing error has to deviate from the average pricing error 

over the past in order to trigger a trading signal, the higher is the return of the trading strategy 

(Figure 29). This suggests that it is not as profitable to trade on small pricing errors but rather 

on the ones that substantially deviate from the past average pricing errors, which supports H2. 

Nevertheless, this pattern is not as pronounced under the Svensson (1994) and the Nelson-
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Siegel (1987) model, as presented in Figure 30 and 31, respectively. These figures also 

indicate highest returns when m is equal to 2.5. Nevertheless, m equaling one also produces 

spikes in the returns, which are not as pronounced as in the case of m equaling 2.5. Although 

different patterns across the models become apparent, none of the models is able to produce 

abnormal returns based on Trading Strategy 1. 

4.4.2 Portfolio 2 

Figures 32, 33, 34, 35 and 36 depict the annualized returns, not risk-adjusted, for each model 

with a maximum weight restriction for each bond of 2, 3, 4, 5 and 100% for Portfolio 2, 

respectively. Each figure further displays the annualized returns of the two benchmark 

portfolios. Several observations can be made from these figures. First of all, the models are 

not able to beat the buy and hold benchmark portfolio under any scenario. Furthermore, the 

higher the weight restriction, the more likely the models become to beating the benchmark. A 

trading strategy without any weight restriction (Figure 36) produces the highest returns. 

However, even in that case the models do not beat the buy and hold portfolio on a constant 

basis. This suggests that the effect of the weight restriction on the returns is more pronounced 

when moving from 2% to 5% than from 5% to 100%. Nevertheless, the Nelson-Siegel (1987) 

and the Vasiček (1977) models are only able to beat the eb.Rexx Index in case of a weight 

restriction of 100% (Figure 36). These figures support findings so far that show that trading 

on larger deviations from the modeled prices to the observed prices in the market is more 

profitable than trading on small deviations. Moreover, the size of k has a negligible impact on 

trading returns, as observed earlier. Generally, the returns achieved are higher than the ones 

under Portfolio 1 and are only negative in one case under the Vasiček (1977) model where k 

is equal to 10 and m is equal to 1.5 with a weight restriction of 100%.  

Results so far suggest that none of the trading strategies applied under any model are 

successful in continuously beating the buy and hold benchmark portfolio. This picture looks 

differently when looking at Figures 37 through 41. These figures present the risk-adjusted 

abnormal returns for Portfolio 2 for each model over the buy and hold benchmark portfolio 

for a weight restriction of 2, 3, 4, 5 and 100% for each position. 

First of all, general patterns concerning these figures include the fact that the trading strategy 

does not always outperform the buy and hold portfolio, independent of the weight restriction. 
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Furthermore, trading on only larger pricing errors (higher m) is generally more successful 

than trading on any price discrepancies and the size of k has a negligible impact on the trading 

returns. The figures further support earlier findings that the weight restriction of each position 

in the portfolio has an impact on the returns of the trading strategies. Nevertheless, the returns 

in Figure 41 do not differ substantially from the returns in Figure 40, although the difference 

in the weight restriction is immense. Thus, maximizing the weight constraints to 100%, as 

presented in Figure 41, does not have a substantial impact on the returns. This suggests that 

there is not much value added by not setting any restrictions on the weights in the portfolios, 

especially when considering the potential risk of not diversifying well enough.  

A comparison of the performance of the three models is rather difficult, as they perform 

differently with every weight restriction. The Nelson-Siegel (1987) model outperforms the 

other two models in case of a weight restriction of 2% (Figure 37). Nevertheless, the trading 

strategy based on the Svensson (1994) model performs closely to the one based on the 

Nelson-Siegel (1987) model and sometimes even better if k is larger than 30. The Vasiček 

(1977) model, on the other hand, performs worst in case of a weight restriction of 2%.  

If the weight of each bond in the portfolio is restricted to 3%, the pattern looks similar as in 

the case of a 2% weight restriction, as depicted in Figure 38. The Vasiček (1977) model 

underperforms the other two models in general, although the pattern is not that obvious for k 

equaling 10 and 20. For k larger than 20, the Nelson-Siegel (1987) and the Vasiček (1977) 

model perform similar and not one clear pattern can be identified.  

Restricting the weights to 4% in the portfolio is in favor of the Svensson (1994) model, as 

presented in Figure 39. Nevertheless, the returns resulting from the Nelson-Siegel (1987) 

model behave similarly to the ones achieved by the Svensson (1994) model with k equal to 

ten or 20. However, for k larger than 20, the Svensson (1994) model performs better than the 

Nelson-Siegel (1987) model. The Vasiček (1977) model underperforms the other two models 

in nearly all cases in Figure 39.  

The patterns that have evolved so far become more pronounced in Figure 40. The Vasiček 

(1977) model clearly underperforms the other models and hardly beats the benchmark. The 

Svensson (1994) model outperforms the Nelson-Siegel (1987) model in almost all instances, 

unlike in Ioannides (2001). These patterns repeat become even more evident in Figure 41, 
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where each position in the portfolio has a maximum weight of 100%. In general, Portfolio 2 

yields returns on a risk-adjusted basis ranging from -1 to about 2.5%. 

Consequently, the Svensson (1994) model tends to outperform and the Vasiček (1977) model 

tends to underperform the other models. Nevertheless, this pattern only becomes obvious with 

a higher possible weight of a position in the portfolio. Thus, this pattern is not pronounced 

enough to derive the conclusion that one model performs substantially worse or better than 

the others. Instead, the models perform similar across different trading strategies and results 

only indicate a better performance of the Svensson (1994) and a worse performance of the 

Vasiček (1997) model. 

Figures 42 through 44 present the abnormal returns of Portfolio 2 based on the Vasiček 

(1977), Svensson (1994) and Nelson-Siegel (1987) model, respectively. Although the figures 

display the same information as in the figures before, some patterns can be identified more 

easily. They clearly show how dependent the returns from the trading strategy based on all 

models are on the size of m and the weight restrictions. This pattern is not as pronounced but 

still apparent under the Svensson (1994) model, as it also produces a spike when m is equal to 

1 or 1.5 and not only equal to 2.5. They further show that the returns of the trading strategy 

under the Svensson (1997) model is heavily dependent on the size of the weight restriction x. 

This pattern can hardly be identified under the Nelson-Siegel (1987) and the Vasiček (1994) 

model (Figures 42 and 43). Surprisingly, the Nelson-Siegel (1987) and the Vasiček (1994) 

model perform more similar than the Svensson (1994) and the Nelson-Siegel (1987) model. 

The Svensson (1997) model performs and behaves substantially different from the other two 

models in terms of trading returns.  

The findings differ from findings in literature. In Jankowitsch and Nettekoven (2008), the 

trading strategies, unadjusted and risk-adjusted, yield abnormal returns in almost all instances 

over the government bond index and the buy and hold portfolio. They find abnormal returns 

of 25 bps p.a. against the buy and hold portfolio and 45 bps p.a. against the Effas Index on a 

non-risk-adjusted basis. The highest returns are thereby achieved with k equal to 10 and m 

equal to 2.5. A weight restriction of 2% per bond produces the highest returns, which is not 

the case in this research study. On a risk-adjusted basis, the trading strategies produce lower 

but still abnormal returns of 15 bps p.a.. Sercu and Wu (1997) report abnormal returns over 

351 trading days ranging between 3 and 6%.  
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The results in this paper are much more volatile and do not present the ability of the models to 

constantly depict abnormal returns.  
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5 Discussion 

Results of the data analysis section indicate that the trading strategies are able to produce 

abnormal returns under certain circumstances. However, it remains questionable whether such 

a trading strategy, as applied in this paper, is feasible in practice. Therefore, further 

elaboration on several aspects is necessary.  

In the literature, several benchmark portfolios have been applied to measure the performance 

of the trading strategies based on term structure models. Nevertheless, not one standard best 

benchmark has evolved. Therefore, when comparing the excess returns of different studies, 

this should be taken into account and the comparison with the benchmark portfolio should be 

critically analyzed.  

Comparing the trading results to a buy and hold portfolio, as conducted in the research at 

hand, has several advantages. The bonds that are taken positions in are the same in the various 

portfolios and inevidently share the same risk profile. Furthermore, comparing the returns of 

the duration matched portfolios enables a direct measurement of the added value of the 

trading activity based on technical analysis. Nevertheless, such a buy and hold portfolio is not 

necessarily a representation of an investor’s typical portfolio of German government bond 

investments. The duration matching requires a regular investment in the overnight money 

market rate for the buy and hold benchmark portfolio. An investor who holds a buy and hold 

portfolio of bond investments might not be willing to invest part of his wealth into the EONIA 

rate, which involves daily redistribution, but instead might prefer to invest in other investment 

opportunities. Furthermore, the portfolios discussed in this paper that base their trading 

strategy on term structure models also invest in the EONIA rate under certain circumstances, 

as elaborated before. It does not seem realistic that an investor who concerns himself with 

trading based on technical indicators is willing to invest part of the wealth in the EONIA rate. 

Therefore, the performance of the portfolios and their comparison with each other should be 

carefully interpreted. Although the results indicate abnormal returns under certain 

circumstances, these abnormal returns are not achieved when comparing the trading returns 

with the returns of the government bond index. Consequently, the results achieved might not 

be robust to other benchmarks. In addition, taxes were neglected in this study, which could 

have a substantial impact on the results. 
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Another aspect involves the risk-adjusted returns of the portfolios. Due to the convex nature 

of the relationship between interest rates and the yield to maturity of a bond, duration 

matching does not necessarily lead to a perfect risk adjustment of the returns. Duration 

matching neglects the fact that two bonds with the same duration might differ in their 

convexity. Thus, this process ignores convexity as a risk factor, which would be of high 

importance if both of the portfolios had substantially different convexities.  

The trading strategies assume trading upon the closing bid and ask prices generated by 

Bloomberg. There are several caveats to this assumption. First of all, trading upon the closing 

prices assumes immediate trading, which might not be feasible in practice. It also assumes 

that the trades actually occur at the prices quoted in Bloomberg. Since the prices in the study 

at hand were generated by Bloomberg, a trader or an investor might not be able to execute 

trades at the quoted prices. Furthermore, as reported by Cushing and Madhavan (2001), 

trading at the closing prices in the stock market includes incurring larger transaction costs, 

due to the large trading volume at the end of the trading day. Andersen and Bollerslev (1997) 

also record higher trading activity at the end of the trading day in the foreign-exchange 

market. Although there is no such record for the fixed income market, taking a price at one 

point of the day as a reference price for the trading strategy might not be feasible. This trading 

price might include a liquidity premium, for instance, which possibly distorts results and does 

not indicate the overall level of the bond prices during the day. Nevertheless, since the trading 

strategies are concerned with a MA strategy, the impact of this one price per day on the 

overall trading strategy is averaged out. Sercu and Wu (1997) show that delaying the trade by 

one day after a trading signal was triggered decreases the abnormal returns obtained by about 

50%. Thus, the assumption of immediate trading might have a significant impact on the 

returns. 

Another critical aspect involves the use of data on German government bonds and their role as 

underlyings for the German fixed income futures market. According to Eurex (2007), the 

Euro-Schatz, Euro-Bobl and Euro-Bund Futures are the most heavily traded fixed income 

futures worldwide. The Euro-Bund Futures is the most actively traded future out of these 

three futures. In the first half of 2007, 177 million contracts in the Euro-Bund Future were 

traded, which accounted for more than 48% of trading in the long-term segment worldwide. 

10 Year U.S. Treasury Note Futures only accounted for 172 million of the trades. The Euro-
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Schatz Futures trading volume increased by more than 7 percent to 106 million contracts 

traded over the same time period. Thus, these futures receive a lot of attention worldwide. The 

trading volume of German government bonds is much larger in the futures market than in the 

cash markets. 

The futures on the Euro-Schatz, Euro-Bobl and Euro-Bonds are traded on the Eurex with 

physical settlement. These futures are based on a synthetic government bond with a defined 

maturity and a fictive coupon rate of 6%. The maturities range between 1.75 to 2.25 years for 

the Schatz Future, 4.5 to 5.5 years for the Bobl Future and 8.5 to 10.5 years for the Bund 

Future. Based on a conversion factor, the cheapest-to-deliver underlying bond is the bond that 

a buyer of a futures contract receives when holding the future until expiry. The conversion 

factor is the factor that equates a government bond with the synthetic underlying bond of the 

futures contract. The cheapest-to-deliver bond is the least expensive deliverable underlying 

instrument of the futures contract, based on the conversion factor, and is typically the one that 

is delivered upon expiry. On the last trading day of the futures contract, the party with a short 

position in the future has to notify which bond it will deliver. Eysing and Sihvonen (2009) 

find that the existence of a highly liquid government bond futures market in Germany leads to 

a significant liquidity spillovers to the German government bond cash market. They conclude 

that the bonds deliverable in the Euro-Schatz, Euro-Bobl and Euro-Bund Future, which 

includes the cheapest-to-deliver bond, are more liquid and demand a price premium. Thus, the 

yields of Schatz, Bobls and Bunds and their cheapest-to-deliver bonds in the fixed income 

futures market is found to be influenced by their role in the fixed income futures market by 

the authors. This dependence might not be captured by the trading indicators and distort 

results. However, the extent of the impact of the futures market on the returns of the trading 

strategies discussed in the research at hand is not clear and left for further research.  

Another important aspect which has been neglected in this study is funding costs. Typically, 

an institutional investor or a trader has to fund his positions, which might be equal to the 

EONIA rate plus a spread, for instance. Not accounting for funding costs in the study at hand 

might significantly overstate results that could be achieved in practice.  

As a last point, the whole concept of this project is critically discussed. Generally, this paper 

relies on the idea that an interest rate model that derives its term structure from market data is 

able to identify mispricing in the same market data it uses as an input to construct the curve. 



 

52 

 

Consequently, this is a recursive process. In this trading strategy, the models model the term 

structure by fitting them to observed market data. This curve is then used to identify 

mispricing in the same market data. The question that arises is how a model that uses bond 

prices in the market as an input to produce the appropriate term structure can regard the same 

bonds as being mispriced? If a model views a bond as mispriced, should this bond then not be 

excluded from the estimation process in order to build the appropriate interest rate term 

structure? This is a very critical aspect with regards to its importance on the results of this 

paper as it questions the overall validity of performing such a trading strategy in the first 

place. It seems like this project only makes sense if market participants believe that the term 

structure is a smooth curve. In that case, the models can be considered as simply fitting a 

smooth curve to the market data and regarding bonds that deviate from this smooth curve as 

mispriced. However, such deviations might be explainable by different factors, such as the 

status as the cheapest-to-deliver bond or differences in liquidity in general.  

Furthermore, due to recent developments in financial markets, as the crisis evolved from a 

financial crisis to a sovereign crisis, the results of this paper might be different if it had 

included the months from July to November 2011. German government bonds have become 

the safe haven for investors worldwide, particularly during that time period. The German 

government bond futures market experiences substantial price in- and decreases of one or 

even two points a day on some days. In such a time where investors have lost confidence and 

are not willing to take outright positions in a security, where investors experience market 

moving news on a daily basis and where liquidity is starting to dry up, leading to the 

substantial widening of spreads, it is questionable whether such a trading rule can be 

profitable or more importantly whether it can be executed at all.  

Thus, although the trading strategies are able to produce abnormal returns under certain 

circumstances in theory, performing such trading strategies in practice might not be feasible. 
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6 Conclusion 

 

This paper analyzes the ability of trading strategies based on technical indicators to produce 

abnormal returns in the German government bond market from the beginning of year 2010 

until mid-June 2011. Thereby, trading signals are triggered when modeled prices deviate from 

the observed bond prices in the market. These modeled prices are derived from fitting three 

term structure models to market data. These term structure models include the Vasiček(1977), 

the Nelson-Siegel (1987) and the Svensson (1994) model. Discounting the cash flows of the 

outstanding bonds with the respective modeled zero curves thus enables a comparison of the 

modeled and the observed bond prices. Simple MA strategies over the past 10, 20, 30, 40 and 

50 trading days are then applied to the pricing errors and two portfolios are set up. These 

portfolios only differ in the way they handle sell signals. While Portfolio 1 invests in the 

EONIA rate whenever a sell signal is triggered, Portfolio 2 redistributes the wealth that is set 

free through the sell signal among the other bonds in the portfolio. In addition, Portfolio 2 

ensures that a bond does not exceed a certain share of 2, 3, 4, 5 and 100% of the portfolio by 

investing the leftover wealth in the EONIA rate. The annualized trading returns are then 

compared with the annualized returns of the eb.Rexx Government Bond Index, as well as a 

buy and hold portfolio. The comparison with the buy and hold portfolio is further measured 

on a risk-adjusted basis through duration matching. 

Results with regards to the ability of a model to calibrate the term structure of interest rates to 

market data show that the Vasiček (1977) model has more problems to fit the term structure in 

the short and medium end and depicts more erratic pricing errors than the other two models. 

The Nelson-Siegel (1987) model, on the other hand, produces the highest pricing errors in the 

long end of the curve but behaves similarly to the Svensson (1994) model in the short- and 

medium term. The best performing model in terms of goodness-of-fit is the Svensson (1994) 

model. The Svensson (1994) model produces pricing errors that are closest to zero and less 

volatile than the ones of the other two models. 

Generally, a strong pattern has become apparent that shows the dependence of the 

performance of the trading rules on the size of the multiplier and the ability of the models to 

produce abnormal returns when m is equal to 2.5. Results show that the more a pricing error 
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has to deviate from its average historical value in order to trigger a trade signal, the more 

profitable is the trading rule. This leads to the acceptance of H2. 

Furthermore, a comparison of the performance between models is difficult. In Portfolio 1, the 

Vasičel (1977) model outperforms the other two models. In Portfolio 2, a tendency towards 

the Svensson (1994) as the best and the Vasiček (1977) model as the worst becomes apparent. 

The Nelson-Siegel (1987) tends to obtain results in between the ones of the other two models. 

Results from Portfolio 2 indicate that a model that is more able to fit the term structure of 

interest rates obtains higher trading returns. Nevertheless, Portfolio 1 confirms the opposite 

statement. Thus, not one best performing model emerges. Rather, the performance of the 

models differs depending on the trading strategy, on the weight restrictions and on the size of 

the multiplier. In general, the trading strategy under Portfolio 2 produces higher returns than 

Portfolio 1. 

The results do not confirm that relying on the earlier described trading rules yields abnormal 

returns. Although the models are able to produce abnormal returns when m is equal to 2.5, 

they do not achieve to produce abnormal returns constantly and under every scenario. 

Therefore, results in this paper are not as straightforward as in literature and only indicate the 

potential of the models to produce abnormal returns. This leads to the rejection of H3. 

Nevertheless, as the ability of trading strategy based on term structure results is independent 

of the model, since results are similar across models, H2 is accepted. 

The findings of the study imply that in order to achieve abnormal returns, trading should 

occur only when pricing errors deviate substantially from their historical average. 

Furthermore, a redistribution of the money that becomes available by the bonds that exhibit a 

sell signal among other bonds that exhibit a buy signal is more profitable than to invest it in 

the EONIA rate.  Thereby, allowing a bond to have a higher position in a portfolio improves 

the performance substantially.  

Since the German government bond market is of high importance to the financial markets and 

followed closely by market participants, these findings present important aspects for market 

participants trading in the German government bond market. Although the findings do not 

necessarily provide robust and consistent results, they indicate that it is worth comparing the 

current pricing errors with the past average pricing errors for someone involved in the 
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German government bond market. Factoring these aspects into the investment decision 

making process might enhance the profitability of a portfolio. The findings further enable an 

investor to support his investment decisions by clear technical indicators that are not affected 

by the rationale of an investor.  

These findings are of value to market participants in the German government bond market but 

also to the rare literature on technical analysis in the fixed income market. The study at hand 

takes a closer look at the German government bond market in turbulent times after the 

collapse of Lehman Brothers in 2008, at a time where German government bonds provide a 

safe haven for investors worldwide and thus covers a different time period in which this topic 

has not been studied before. The findings show that technical analysis can also be applied to 

the fixed income market, which has not received a strong focus in literature. However, much 

more research is necessary in order to be able to get robust results that signify whether trading 

on term structure residuals is feasible and profitable in practice. 
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Appendix 

 

List of Tables 

 

 

Table 1a: Data Description 

 

 

 

 

 

 

ISIN First Coupon Date Coupon Rate Interest Accrual Date Maturity Type

DE0001137248 12/10/09 2.250% 12/10/08 12/10/10 Schatz

DE0001135168 01/04/02 5.250% 10/20/00 1/4/11 Bund

DE0001137255 03/11/10 1.250% 03/11/09 3/11/11 Schatz

DE0001141489 04/08/07 3.500% 03/24/06 4/8/11 Schatz

DE0001137263 06/10/10 1.500% 05/29/09 6/10/11 Schatz

DE0001135184 07/04/02 5.000% 05/25/01 7/4/11 Bund

DE0001137271 09/16/10 1.250% 09/11/09 9/16/11 Schatz

DE0001141497 10/14/07 3.500% 09/29/06 10/14/11 Bobl

DE0001137289 12/16/10 1.250% 11/20/09 12/16/11 Schatz

DE0001135192 01/04/03 5.000% 01/04/02 1/4/12 Bund

DE0001137297 03/16/11 1.000% 02/19/10 3/16/12 Schatz

DE0001141505 04/13/08 4.000% 03/30/07 4/13/12 Bobl

DE0001137305 06/15/11 0.500% 05/14/10 6/15/12 Schatz

DE0001135200 07/04/03 5.000% 07/04/02 7/4/12 Bund

DE0001137313 09/14/11 0.750% 08/13/10 9/14/12 Schatz

DE0001141513 10/12/08 4.250% 09/28/07 10/12/12 Bobl

DE0001137321 12/14/11 1.000% 11/12/10 12/14/12 Schatz

DE0001135218 01/04/04 4.500% 01/04/03 1/4/13 Bund

DE0001137339 03/15/12 1.500% 02/25/11 3/15/13 Schatz

DE0001141521 04/12/09 3.500% 03/28/08 4/12/13 Bobl

DE0001135234 07/04/04 3.750% 07/04/03 7/4/13 Bund

DE0001141539 10/11/09 4.000% 09/26/08 10/11/13 Bobl

DE0001135242 01/04/05 4.250% 10/31/03 1/4/14 Bund

DE0001141547 04/11/10 2.250% 03/27/09 4/11/14 Bobl

DE0001135259 07/04/05 4.250% 05/28/04 7/4/14 Bund

DE0001141554 10/10/10 2.500% 09/25/09 10/10/14 Bobl

DE0001135267 01/04/06 3.750% 11/26/04 1/4/15 Bund

DE0001141562 02/27/11 2.500% 01/15/10 2/27/15 Bobl
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Table 2b: Data Description 

Table 1 (a and b) depicts the ISINs, the first coupon date, the coupon rate, the interest accrual date, the maturity 

date as well as the type of bond for each bond included in the data, sorted by maturity date. Schatz  = 

Bundesschatzanweisung with an initial maturity of 2 years, Bobl = Bundesobligation with an initial maturity of 5 

years, Bund  = Bundesanleihe with an initial maturity of 10 years. Buxls with an initial maturity of 30 years are 

called Bunds as well.  

ISIN First Coupon Date Coupon Rate Interest Accrual Date Maturity Type

DE0001141570 04/10/11 2.250% 04/10/10 4/10/15 Bobl

DE0001135283 07/04/06 3.250% 05/20/05 7/4/15 Bund

DE0001141588 10/09/11 1.750% 09/24/10 10/9/15 Boble

DE0001135291 01/04/07 3.500% 11/25/05 1/4/16 Bund

DE0001141596 02/26/12 2.000% 01/14/11 2/26/16 Bobl

DE0001141604 04/08/12 2.750% 04/08/11 4/8/16 Bobl

DE0001134468 06/20/87 6.000% 06/20/86 6/20/16 Bund

DE0001135309 07/04/07 4.000% 05/19/06 7/4/16 Bund

DE0001134492 09/20/87 5.625% 09/20/86 9/20/16 Bund

DE0001135317 01/04/08 3.750% 11/17/06 1/4/17 Bund

DE0001135333 07/04/08 4.250% 05/25/07 7/4/17 Bund

DE0001135341 01/04/09 4.000% 11/16/07 1/4/18 Bund

DE0001135358 07/04/09 4.250% 05/30/08 7/4/18 Bund

DE0001135374 01/04/10 3.750% 11/14/08 1/4/19 Bund

DE0001135382 07/04/10 3.500% 05/22/09 7/4/19 Bund

DE0001135390 01/04/11 3.250% 11/13/09 1/4/20 Bund

DE0001135408 07/04/11 3.000% 04/30/10 7/4/20 Bund

DE0001135416 09/04/11 2.250% 08/20/10 9/4/20 Bund

DE0001135424 01/04/12 2.500% 11/26/10 1/4/21 Bund

DE0001135440 07/04/12 3.250% 04/29/11 7/4/21 Bund

DE0001134922 01/04/95 6.250% 01/04/94 1/4/24 Bund

DE0001135044 07/04/98 6.500% 07/04/97 7/4/27 Bund

DE0001135069 01/04/99 5.625% 01/04/98 1/4/28 Bund

DE0001135085 07/04/99 4.750% 07/04/98 7/4/28 Bund

DE0001135143 01/04/01 6.250% 01/04/00 1/4/30 Bund

DE0001135176 01/04/02 5.500% 10/27/00 1/4/31 Bund

DE0001135226 07/04/04 4.750% 01/31/03 7/4/34 Bund

DE0001135275 01/04/06 4.000% 01/04/05 1/4/37 Bund

DE0001135325 07/04/08 4.250% 01/26/07 7/4/39 Bund

DE0001135366 07/04/09 4.750% 07/04/08 7/4/40 Bund

DE0001135432 07/04/11 3.250% 07/04/10 7/4/42 Bund
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Table 3: Data Adjustments 

Table 2 depicts any adjustment that was made to the data used in the research paper. 

 

 

 

 

 

 

 

 

 

 

 

 

Data adjustment

Adjustment on data:

DE0001135184

DE0001141570 

DE0001141604 

DE0001135432

DE0001135150

DE0001137214

DE0001137222

DE0001141463

DE0001137248 

DE0001135168 

DE0001137255 

DE0001141489

DE0001137263 

DE0001135184

DE0001137271 

DE0001141497 

Exclusion of Good Fridays, Easter Mondays, Christmas Eve, and New Years Eve 

→ Exclusion of 4/2/2010, 4/5/2010, 12/24/2010, 12/31/2010, 4/22/2011, 4/25/2011
Adjustment for holidays

Actions

Assume no trading within the last six months before maturity of a bond, which affects:

Data only available until 12/20/2010, although the bond matures on 7/4/2011

DE0001137263   → Assumed bid/ask spread as in DE0001137271, since both are the same type of bond 

and their maturity date is only three months apart

No ask prices available before and on 3/5/2010

  → Closing prices for 4/5/2011 (midquote, close and ask) are set equal to the average of 

the respective prices of the previous and following trading day

No data on 4/5/2011

DE0001141489

→ Delete the data within the last six months before maturity, this does not concern the buy 

and hold benchmark portfolio

→ Delete entire bond from the data

Data only available from 4/13/2010 onwards, although the bond was issued before

Data only available from 4/20/2011 onwards, although the bond was issued before

Data only available from 7/20/2010 onwards, although the bond was issued before
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Table 4: Vasiček Pricing Errors 

Table 3 depicts the average, the standard deviation, the maximum and the minimum mean absolute, maximum 

and minimum pricing error under the Vasiček (1977) model. 

 

 

 

 

 

 

 

 

Table 5: Svensson Pricing Errors 

Table 4 depicts the average, the standard deviation, the maximum and the minimum mean absolute, maximum 

and minimum pricing error under the Svensson (1994) model. 

 

 

 

 

 

 

 

 

Table 6: Nelson-Siegel Pricing Errors 

Table 5 depicts the average, the standard deviation, the maximum and the minimum mean absolute, maximum 

and minimum pricing error under the Nelson-Siegel (1987) model. 

 

 

Vasiček Average Standard Deviation Maximum Minimum

Mean Absolute Pricing Error 0.8569 0.6507 3.5220 0.5547

Maximum Pricing Error 1.8949 0.6850 4.8077 1.0553

Minimum Pricing Error -1.9729 0.8403 -0.9619 -5.0497

Svensson Average Standard Deviation Maximum Minimum

Mean Absolute Pricing Error 0.3318 0.4627 0.6816 0.2658

Maximum Pricing Error 1.8339 0.7979 7.7361 1.2674

Minimum Pricing Error -0.4555 0.1782 -0.1696 -1.3498

Nelson-Siegel Average Standard Deviation Maximum Minimum

Mean Absolute Pricing Error 0.5050 0.9307 0.7297 0.3066

Maximum Pricing Error 4.2657 1.3375 6.7950 1.2644

Minimum Pricing Error -0.9324 0.3450 -0.2618 -1.8383
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Table 7: RMSE 

Table 6 depicts the average RMSE of the pricing errors under the Vasiček (1977), Svensson (1994) and Nelson-

Siegel (1987) model. 

 

 

 

 

 

 

 

 

Table 8: Kurtosis and Skewsness of Pricing Errors 

Table 7 depicts the kurtosis and the skewness of the pricing errors under the Vasiček (1977), the Svensson 

(1994) and the Nelson-Siegel (1987) model. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Vasiček Svensson Nelson-Siegel

Root Mean Squared Error 1.1576 0.3242 1.1211

Kurtosis Skewness

Vasiček 2.7138 -1.0372

Svensson 19.1703 2.8876

Nelson-Siegel 10.6516 3.0298
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Table 9: Coincidence Frequency 

Table 8 depicts the coincidence frequency between the Vasiček (1977) and the Svensson (1994), the Vasiček 

(1977) and the Nelson-Siegel (1987) and the Svensson (1994) and the Nelson-Siegel (1987) model. 

 

 

 

 

 

 

 

 

 

Table 10: Deviation of Pricing Errors by one category 

Table 9 depicts the percentage of pricing errors that deviate by one category for each other between the Vasiček 

(1977) and the Svensson (1994), the Vasiček (1977) and the Nelson-Siegel (1987) and the Svensson (1994) and 

the Nelson-Siegel (1987) model. 

 

 

 

 

 

 

 

 

 

Table 11: Frequency of Pricing Errors with the same sign 

Table 10 depicts the percentage of pricing errors that share the same sign between the Vasiček (1977) and the 

Svensson (1994), the Vasiček (1977) and the Nelson-Siegel (1987) and the Svensson (1994) and the Nelson-

Siegel (1987) model. 

 

Svensson Nelson-Siegel

Vasiček 15.56% 28.08%

Svensson - 61.09%

Svensson Nelson-Siegel

Vasiček 41.43% 43.71%

Svensson - 25.80%

Svensson Nelson-Siegel

Vasiček 64.12% 77.64%

Svensson - 80.19%
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Figure 1: Zero Curves on January 4
th

, 2010 

Figure 1 depicts the shape of the zero curve under the Vasiček (1977), Svensson (1994) and Nelson-Siegel 

(1987) model on January 4th, 2010. 

 

 

Figure 2: Zero Curves on July 1
st
, 2010 

Figure 2 depicts the shape of the zero curve under the Vasiček (1977), Svensson (1994) and Nelson-Siegel 

(1987) model on July 1st, 2010. 
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Figure 3: Zero Curves on January 3
rd

, 2011 

Figure 3 depicts the shape of the zero curve under the Vasiček (1977), Svensson (1994) and Nelson-Siegel 

(1987) model on January 3rd, 2011. 

 

 

Figure 4: Zero Curves on June 16
th

, 2011 

Figure 4 depicts the shape of the zero curve under the Vasiček (1977), Svensson (1994) and Nelson-Siegel 

(1987) model on June 16th, 2011. 
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Figure 5: Zero Curves Vasiček 

Figure 5 depicts the shape of the zero curve under the Vasiček (1977) model on different dates. 

 

 

Figure 6: Zero Curves Svensson 

Figure 6 depicts the shape of the zero curve under the Svensson (1994) model on different dates. 
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Figure 7: Zero Curves Nelson-Siegel 

Figure 7 depicts the shape of the zero curve under the Nelson-Siegel (1987) model on different dates. 
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Figure 8: Pricing Errors for DE0001137321 

Figure 8 depicts the daily pricing error for the bond with the ISIN DE0001137321 maturing on December 14, 

2012 for the Vasiček (1977), the Svensson (1994) and the Nelson-Siegel (1987) model. 

 

 

Figure 9: Pricing Errors for DE0001135291 

Figure 9 depicts the daily pricing error for the bond with the ISIN DE0001135291 maturing on January 4, 2016 

for the Vasiček (1977), the Svensson (1994) and the Nelson-Siegel (1987) model. 
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Figure 10: Pricing Errors for DE0001135440 

Figure 10 depicts the daily pricing error for the bond with the ISIN DE0001135440  maturing on July 4, 2021 for 

the Vasiček (1977), the Svensson (1994) and the Nelson-Siegel (1987) model. 

 

 

Figure 11: Pricing Errors for DE0001135176 

Figure 11 depicts the daily pricing error for the bond with the ISIN DE0001135176 maturing on January 4, 2031 

for the Vasiček (1977), the Svensson (1994) and the Nelson-Siegel (1987) model. 
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Figure 12: Pricing Errors for DE0001135432 

Figure 12 depicts the daily pricing error for the bond with the ISIN DE0001135432 maturing on July 4, 2042 for 

the Vasiček (1977), the Svensson (1994) and the Nelson-Siegel (1987) model. 
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Figure 13: Mean Absolute Daily Pricing Errors 

Figure 13 presents the daily average absolute pricing error for the Vasiček (1977), the Svensson (1994) and the 

Nelson-Siegel (1987) model. 

 

 

Figure 14: Minimum Daily Pricing Errors 

Figure 14 presents the daily minimum pricing error for the Vasiček (1977), the Svensson (1994) and the Nelson-

Siegel (1987) model. 
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Figure 15: Maximum Daily Pricing Errors 

Figure 15 presents the daily maximum pricing error for the Vasiček (1977), the Svensson (1994) and the Nelson-

Siegel (1987) model. 
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Figure 16: Mean Absolute Pricing Error per Bond 

Figure 16 presents the average absolute pricing error for each bond, sorted by maturity, for the Vasiček (1977), 

the Svensson (1994) and the Nelson-Siegel (1987) model. 

 

 

Figure 17: Minimum Pricing Error per Bond 

Figure 17 presents the minimum pricing error for each bond, sorted by maturity, for the Vasiček (1977), the 

Svensson (1994) and the Nelson-Siegel (1987) model. 
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Figure 18: Maximum Pricing Error per Bond 

Figure 18 presents the maximum pricing error for each bond, sorted by maturity, for the Vasiček (1977), the 

Svensson (1994) and the Nelson-Siegel (1987) model. 
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Figure 19: RMSE per Bond 

Figure 19 presents the root mean squared error for each bond, sorted by maturity, for the Vasiček (1977), the 

Svensson (1994) and the Nelson-Siegel (1987) model. 
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Figure 20: Vasiček’s Distribution of Pricing Errors 

Figure 20 presents the distribution of the pricing errors under the Vasiček (1977) model. 

 

 

Figure 21: Svensson’s Distribution of Pricing Errors 

Figure 21 presents the distribution of the pricing errors under the Svensson (1994) model. 
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Figure 22: Nelson-Siegel’s Distribution of Pricing Errors 

Figure 22 presents the distribution of the pricing errors under the Nelson-Siegel (1987) model. 
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Figure 23: Mean Absolute Daily Pricing Errors for Bonds maturing in 2021 

Figure 23 presents the average absolute daily pricing error for bonds maturing in 2021 or earlier, sorted by 

maturity, under the Vasiček (1977), the Svensson (1994) and the Nelson-Siegel (1987) model.  

 

 

Figure 24: Mean Absolute Daily Pricing Errors for Bonds maturing after 2021 

Figure 24 presents the average absolute daily pricing error for bonds maturing in 2022 or later, sorted by 

maturity, under the Vasiček (1977), the Svensson (1994) and the Nelson-Siegel (1987) model. 
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Figure 25: Average Buy Signals 

Figure 25 presents the average number of buy signals per bond for k ranging from 10 to 50 and m ranging from 0 

to 2.5 under the Vasiček (1977), the Svensson (1994) and the Nelson-Siegel (1987) model. 

 

 

Figure 26: Average Sell Signals 

Figure 26 presents the average number of sell signals per bond for k ranging from 10 to 50 and m ranging from 0 

to 2.5 under the Vasiček (1977), the Svensson (1994) and the Nelson-Siegel (1987) model. 
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Figure 27: Buy minus Sell Signals 

Figure 27 presents the difference between the average number of buy and the average number of sell signals per 

bond for k ranging from 10 to 50 and m ranging from 0 to 2.5 under the Vasiček (1977), the Svensson (1994) and 

the Nelson-Siegel (1987) model. 
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Figure 28: Returns Portfolio 1 

Figure 28 presents the annualized returns of Portfolio 1 under the Vasiček (1977), the Svensson (1994) and the 

Nelson-Siegel (1987) model for k ranging from 10 to 50 and m ranging from 0 to 2.5, the annualized returns of 

the buy and hold benchmark portfolio and the annualized returns of the eb.Rexx Germany Government Bond 

Index Overall (TRI). 

 

 

Figure 29: Vasiček Risk-Adjusted Returns Portfolio 1 

Figure 29 presents the risk-adjusted annualized returns of Portfolio 1 under the Vasiček (1977) model and the 

risk-adjusted returns of the buy and hold benchmark portfolio as well as the annualized returns (not risk-

adjusted) for the eb.Rexx Germany Government Bond Index Overall (TRI) for k ranging from 10 to 50 and m 

ranging from 0 to 2.5. 
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Figure 30: Svensson Risk-Adjusted Returns Portfolio 1 

Figure 30 presents the risk-adjusted annualized returns of Portfolio 1 under the Svensson (199) model and the 

risk-adjusted returns of the buy and hold benchmark portfolio as well as the annualized returns (not risk-

adjusted) for the eb.Rexx Germany Government Bond Index Overall (TRI) for k ranging from 10 to 50 and m 

ranging from 0 to 2.5. 

 

 

Figure 31: Nelson-Siegel Risk-Adjusted Returns Portfolio 1 

Figure 31 presents the risk-adjusted annualized returns of Portfolio 1 under the Nelson-Siegel (1977) model and 

the risk-adjusted returns of the buy and hold benchmark portfolio as well as the annualized returns (not risk-

adjusted) for the eb.Rexx Germany Government Bond Index Overall (TRI) for k ranging from 10 to 50 and m 

ranging from 0 to 2.5. 
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Figure 32: Returns Portfolio 2 with 2% Weight 

Figure 32 presents the annualized returns of Portfolio 2 under the Vasiček (1977), the Svensson (1994) and the 

Nelson-Siegel (1987) model for k ranging from 10 to 50 and m ranging from 0 to 2.5 for a weight restriction of 

2%, the annualized returns of the buy and hold benchmark portfolio and the annualized returns of the eb.Rexx 

Germany Government Bond Index Overall (TRI). 

 

 

Figure 33: Returns Portfolio 2 with 3% Weight 

Figure 33 presents the annualized returns of Portfolio 2 under the Vasiček (1977), the Svensson (1994) and the 

Nelson-Siegel (1987) model for k ranging from 10 to 50 and m ranging from 0 to 2.5 for a weight restriction of 

3%, the annualized returns of the buy and hold benchmark portfolio and the annualized returns of the eb.Rexx 

Germany Government Bond Index Overall (TRI). 
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Figure 34: Returns Portfolio 2 with 4% Weight 

Figure 34 presents the annualized returns of Portfolio 2 under the Vasiček (1977), the Svensson (1994) and the 

Nelson-Siegel (1987) model for k ranging from 10 to 50 and m ranging from 0 to 2.5 for a weight restriction of 

4%, the annualized returns of the buy and hold benchmark portfolio and the annualized returns of the eb.Rexx 

Germany Government Bond Index Overall (TRI). 

 

 

Figure 35: Returns Portfolio 2 with 5% Weight 

Figure 35 presents the annualized returns of Portfolio 2 under the Vasiček (1977), the Svensson (1994) and the 

Nelson-Siegel (1987) model for k ranging from 10 to 50 and m ranging from 0 to 2.5 for a weight restriction of 

5%, the annualized returns of the buy and hold benchmark portfolio and the annualized returns of the eb.Rexx 

Germany Government Bond Index Overall (TRI). 
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Figure 36: Returns Portfolio 2 with 100% Weight 

Figure 36 presents the annualized returns of Portfolio 2 under the Vasiček (1977), the Svensson (1994) and the 

Nelson-Siegel (1987) model for k ranging from 10 to 50 and m ranging from 0 to 2.5 for a weight restriction of 

100%, the annualized returns of the buy and hold benchmark portfolio and the annualized returns of the eb.Rexx 

Germany Government Bond Index Overall (TRI). 
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Figure 37: Abnormal Risk-Adjusted Returns Portfolio 2 with 2% Weight 

Figure 37 presents the abnormal risk-adjusted annualized returns of Portfolio 2 under the Vasiček (1977), the 

Svensson (1994) and the Nelson-Siegel (1987) model for k ranging from 10 to 50 and m ranging from 0 to 2.5 

for a weight restriction of 2% over the risk-adjusted buy and hold benchmark portfolio. 

 

 

Figure 38: Abnormal Risk-Adjusted Returns Portfolio 2 with 3% Weight 

Figure 38 presents the abnormal risk-adjusted annualized returns of Portfolio 2 under the Vasiček (1977), the 

Svensson (1994) and the Nelson-Siegel (1987) model for k ranging from 10 to 50 and m ranging from 0 to 2.5 

for a weight restriction of 3% over the risk-adjusted buy and hold benchmark portfolio. 
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Figure 39: Abnormal Risk-Adjusted Returns Portfolio 2 with 4% Weight 

Figure 39 presents the abnormal risk-adjusted annualized returns of Portfolio 2 under the Vasiček (1977), the 

Svensson (1994) and the Nelson-Siegel (1987) model for k ranging from 10 to 50 and m ranging from 0 to 2.5 

for a weight restriction of 4% over the risk-adjusted buy and hold benchmark portfolio. 

 

 

Figure 40: Abnormal Risk-Adjusted Returns Portfolio 2 with 5% Weight 

Figure 40 presents the abnormal risk-adjusted annualized returns of Portfolio 2 under the Vasiček (1977), the 

Svensson (1994) and the Nelson-Siegel (1987) model for k ranging from 10 to 50 and m ranging from 0 to 2.5 

for a weight restriction of 5% over the risk-adjusted buy and hold benchmark portfolio. 
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Figure 41: Abnormal Risk-Adjusted Returns Portfolio 2 with 100% Weight 

Figure 41 presents the abnormal risk-adjusted annualized returns of Portfolio 2 under the Vasiček (1977), the 

Svensson (1994) and the Nelson-Siegel (1987) model for k ranging from 10 to 50 and m ranging from 0 to 2.5 

for a weight restriction of 100% over the risk-adjusted buy and hold benchmark portfolio. 
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Figure 42: Nelson-Siegel Abnormal Returns Portfolio 2 

Figure 42 presents the abnormal risk-adjusted annualized returns of Portfolio 2 under Nelson-Siegel (1987) 

model for k ranging from 10 to 50 and m ranging from 0 to 2.5 for all weight restrictions over the risk-adjusted 

buy and hold benchmark portfolio. 

 

 

Figure 43: Vasiček Abnormal Returns Portfolio 2 

Figure 43 presents the abnormal risk-adjusted annualized returns of Portfolio 2 under Vasiček (1977) model for 

k ranging from 10 to 50 and m ranging from 0 to 2.5 for all weight restrictions over the risk-adjusted buy and 

hold benchmark portfolio. 
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Figure 44: Svensson Abnormal Returns Portfolio 2 

Figure 44 presents the abnormal risk-adjusted annualized returns of Portfolio 2 under Svensson (1994) model for 

k ranging from 10 to 50 and m ranging from 0 to 2.5 for all weight restrictions over the risk-adjusted buy and 

hold benchmark portfolio. 
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