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CHAPTER 1
INTRODUCTION

A vyield curve is a graph that presents relationship between the yield and
maturity of fixed income securities at a certain moment in time. The treasury yield
curve is focused by the market and used as the benchmark for pricing other fixed
income securities because treasury bonds have no credit risk. In addition, investors
and economists use the yield curve to forecast laterest rates and economic conditions
as well as create fixed income securities,

From these benefits-of the yield curve and the fact that the shape of the yield
curve changes over time, we can say. that interest rate forecasting is crucial for
financial business. Henee, during the last decades, there have been a lot of advances
in the field of financial gconomics about 'tHe yield curve. The recent literatures try to

discover and improve the modelir-order to forecast yield curves as good as possible.
1.1 Literature review

The significant progress in-modeling the term structure is the literature on the
affine models'. It was started by seminal papers of Vasicek (1977) and Cox et al.
(1985). Their models‘are classified as one factor models:“They use only one factor,
which is the short rate;to explain the yield curve.

Another approach for curve fitting was proposed by Nelson and Siegel (1985)
whose method was used and modified/by many'researchers. Their idea was based on
parsimonious modeling in which few parameters.can capture the, whole yield curve.
Other variations ofiNelson and Siegel curves extended- by subsequent researchers
introduced some sophistication by increasing the number of parameters to be
estimated. Svensson (1994) extended the work of Nelson and Siegel (1985) by adding

an exponential decay term resulting in two extra parameters to capture the humped

Affine model explains yield movements by a small number of latent factors that can
be extracted from the panel of yields for different maturities and impose cross-
equation restrictions that rule out arbitrage opportunities.



characteristic of the yield curve.

Other researchers consider models that use the multi factors to explain the
entire set of yields. For example, Litterman and Scheinkman (1991) call their factors
as “level”, “slope”, and “curvature”. Similarly, Dai and Singleton (2000) use the
words “level”, “slope”, and “butterfly” to describe their factors.

Diebold and Li (2006) use the parsimonious three factors (exponential
components) yield curve model propesed by Nelson and Siegel (1987). They study
the term structure modeling by using dynamic Nelson-Siegel factor autoregressive of
order 1, AR(1), and use a simple two-step appreach. They first estimate the three
factors, then model and forecast-them. They forecast term structure at both short and
long horizons. They find that the forecasted results are more accurate at long horizons
than several standard benehmark forecasts.

There are many researchers that study the relationship between the yield curve
and the macroeconomic variables. For example, Jagjit'S. Chadha and Sean Holly
(2006) trace the response of the yield curve to macroeconomic shocks and conclude
that macroeconomic persistence seems {0 bé briced into the yield curve. Marie Briere
and Florian lelpo (2007) analyses thetrésponse of the Euro yield curve to
macroeconomic and monetary policy announcements and they find that the impact of
economic announcements on the yield curve éhbws different patterns according to the
news and we provide a hierarchy of the economic figures that have the strongest
impact on the different maturities. Ang, Bekaert and Wei (2007) study the term
structure of real rate andrinflation. They find,that variation in inflation compensation
(expected inflation and-inflation risk premia) explains about 80% of the variation in
nominal rates at'both short and long maturities.

Tolimprave, the yield-curve prediction, there are many. papers that use the
relationship between macroeconomic and Interest rate to improve the yield curve
forecasting. Andrew Ang and Monika Piazzesi (2002) study the term structure by
using the joint dynamics of bond yields and macroeconomic variables in a vector
autoregression. They find that forecasting performance of a VAR improves when
macro factors are included.

Some researchers do not incorporate latent yield curve factors but instead use

the common components of a large number of macroeconomic variables and the short
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rates as explanatory factors. For example, Emanuel Mdnch (2005) says that central
banks reach to economic information by monitoring a variety of economic time series
variables beyond output and inflation. Hence, he suggests the term structure model
which parsimoniously exploits a broad macroeconomic information set.

Diebold, Rudebusch, and Aruoba (2006) use latent factors and three
observable macroeconomic variables (real activity, inflation, and monetary policy
instrument) to explain the yield curve., They propose a one-step approach that uses the
state-space model to do factor estimation, modeling, and forecasting simultaneously.
They argue that the one-step State-space approach provides a unified framework and
should improve out-of-sample ferecasts. They also find strong evidence of the effects
of macro variables on the future'movements in the yield curve.

Marco Morales (2008) and Wei-Choun Yu and Eric Zivot (2008) extend
Diebold and Li (2006) and /Diebold, Rudebusch, and Aruoba (2006) work. They
examine both one- and tw@-step approaches.and include the macroeconomic variables
to model estimation. They find that-the state-space approach cannot improve out-of-
sample forecasts for Treasury Vield. : -

From the literature described previdﬂsly, there are some research questions
need be answered. For example; most of them study only the term structure of the US
government Treasuryibond yields and they do‘ not study the detail and the effect of
macro selection metheds. So it Is interesting to see how the results will be like for a
non-US economy and how the choices of macroeconomic variables affect the yield
forecasts. To answer the.questions, we gapply the dynamic Nelson-Siegel with
macroeconomi€ variables to the ‘German_leconomy and propose two methods of

selecting macroeconomic variables.
1.2 Objective

The purpose of this paper is to extend Diebold and Li (2006) work and apply
the model to forecast the German government bond yields. In particular, our first
contribution is that we include a set of macroeconomic variables into the model and
use a vector autoregression of order 1, VAR (1) to model the dynamic of the latent

and macroeconomic factors because we anticipate that the relationship between the



yield curve and the macroeconomic variables will improve the yield curve prediction.
The model is estimated using a simple two-step approach. Specifically, we first
estimate the latent factors by fitting the Nelson-Siegel factor model to the yield at
each time period. Then a set of three macroeconomic factors is chosen. We have two
macro selection methods. First is the traditional approach that selects macroeconomic
factors by using economic intuition. Second is the correlation-based approach that
selects macroeconomic factors that have high correlation with the future latent factors.
The underlying assumption of this approach is that the correlation between the
macroeconomic factors and the future latent-faetors should provide useful information
in predicting the movement of the yield curve. Finally we find the relationship among
latent and macroeconomic factors by using a VAR (1) process. The second
contribution is that weadd one more latent factor into the model by using the
Svensson model. The Svensson model is similar to the Nelson-Siegel model but
Svensson adds one more factor in.his model in order to reduce the drawback in the
Nelson-Siegel model and increase “flexibility to the model. We forecast the term
structure at various forecast horizons and: év;iluate the forecasted results using root
mean square error-RMSE.

To summarize, the contribution of this paper is twofold and consists of

(i) The term structure of government bc;nd yields in Germany is forecasted by
using both Nelson-Siggel method and Svensson method and (ii) we include a set of
macroeconomic variables into the model (We have two methods of macroeconomic
selection, that is, traditiomal-and correlation:based approaches).

We praceed as follow. In chapter 2 we introduce the basic concept of Nelson-
Siegel and Svensson models and the detail of the estimation process of the yield curve
factors, macroeconaemic vaniables and‘vector autoregression. In ¢chapter 3 we examine
the out-of-sample forecasting performance and interpret the impulse response. In
chapter 4 we offer concluding remarks.



CHAPTER 2
METHODOLOGY

2.1 Introduction of yield curve models
2.1.1 Nelson and Siegel model
Nelson and Siegel (1987) function ferm is a convenient and parsimonious

three-component exponential-approximation.-Denote the set of yield at time t from

Bundesbank (Bank of.Germany). asy, (), where.z denotes maturity and & (7)

denotes the maturity z~erropterm at time t.

4 TIPRSY AN
Y. (7) =Py & Pa (7)"’ By [ %7 e J"' & (1) (1)

Parameter A, determines the rate Of exponential decay. Three latent dynamic
factorsare g, B, and B, . Factor loading on.4, is 1, a constant that does not decay
to zero. It loads equally at all maturities. In other word,/a change in £, changes all

yield uniformly. Therefore, it is called a level factor. When the maturity becomes

larger, g, plays more-<important role in forming yields-with respect to smaller factor
loading on pSy~and | f;: Hence, B amay-be viewed-as-a long-term factor. Factor
loading on 3, ds (1-e*ﬂf ) //lltr, which starts at 1 but decays fast and monotonically
to zerd. AR increase in- A, increéases'short yields more than lofig yields because the
short rates load on g, more heavily; consequently, it changes the slope of the yield
curve. S, may be viewed as a slope or short-term factor. Factor loading on g, is
((1_e*ﬂnf ) /ﬂltf)_e*‘nf, which starts at zero, increases, and then decays to zero; hence it

may be viewed as a medium-term factor. It is also called a curvature factor because an

increase in S, will increase the yield curve curvature. (lllustrated in Figure 1)



2.1.2 Svensson model

One major drawback of the Nelson-Siegel model is that the fitted curve can
have at most one hump. Svensson (1994) proposes an extension of the Nelson-Siegel
model (1987) by adding flexibility to the model in order to potentially have an extra

hump in the curve.

= ﬂ 1_e‘}“117 o T 1_e_/1217 _at
Yi(2) = By + By [ A J""ﬁsm [ A7 € J"'ﬂm ( P € J+ g(r) (2)

where B, By, Bur Buwh, @Nd 4, are parameters to be estimated. The Svensson
curve is thus modeled using six parameters, with the additional input g,, and A,,. The

additional parameters will capture an extra hump for the curve.
2.2 Dynamic factor model

To estimate yield curve,'there are two basic approaches. First, as in Diebold,
Rudebusch, and Aruaba (2006), they use a'on'e‘-s'tep estimation of the dynamic model
by the Kalman Filter.method. The second approach Is a simple two-step method as
proposed by Diebold-and Li (2006). As mention above, this paper implements the
two-step approach; We Istart (with the ryield fcurve | factars €stimation and then we
forecast and maedel the term structure by fitting the VAR(1) that explains the
relationship'among, factors.

For the Nelson-Siegel model, we fit the yield curve using the three-factor
model given by equation (1). We have to estimate the parameters g, S,, £, and
A, by nonlinear least squares, for each month t.

For the Svensson model, we fit the yield curve using the four-factor model

given by equation (2). We have to estimate the parameters S, B, fa: Pur Ay» and

A, by nonlinear least squares, for each month t.



Following standard practice tracing to Nelson and Siegel (1987), however, we

instead assume that A, for the Nelson-Siegel method and 4, and A, for the

Svensson method are constants.

Consequently, the Nelson-Siegel model can be re-written as:

y,(r) = ﬂnwﬂ[l Z}“j 5, (“jfle'“}et(r)

and the Svenssonsmodel.eah be re-written as:

Yi (r)= /Blt + ,th [1 /E y 4 j /831 [1 /:;ﬂ W ] + ,841 [1}?;21 —e j + &, (7)

The method for estimating the parémeters under the constant A assumption is
given in section 2.4.1. i,

Next, we choose the macroeconorrii,c"'Jx}ariables. In this paper, we use two
macro selection methods: the traditional app‘ic’faé:h* and the correlation-based approach.
(See section 2.4.2 for the-detait-of-the-selection-imethod) After we get the time series
of all factors (latent and macroeconomic factors), we-use vector autoregression of
order 1, VAR(1), to find the relationship among factors (latent and macroeconomic
factors). For example, dn the Svensson yield enly model,«the-equation system can be

written as:
By o a5 B | &g ray B L
ﬂm _ < Pa 4 Ay Ay &y Ay B 2,t-1 + g, (3)
Pay Cp, Ay 8y 8y 8y || Sy €
B Cs, Ay 8p A3 Ay )\ B, &p,
Where B, 1s the level factor of the Svensson model at time t

B, is the slope factor of the Svensson model at time t

L., is the first curvature factor of the Svensson model at time t



B, is the second curvature factor of the Svensson model at time t

c, is the estimated constant for factor i from VAR(1)

a; is the estimated coefficient of factor j for factor i from VAR(1)

We consider four variants of VAR(1) system:
= Nelson-Siegel yield-only model
= Svensson yield-onlymodel
= Nelson-Siegel yield“maercmodel
= Svensson-yield-macro-model

In general, we can wriie

fr= G+ AT ) 4)

Where  Ais the matuX of coefficients
C is the vector,0f constants ;
f. =By, Lo Bo) ; for Nelson-Siegel yield-only model
f. =By Bows B» B) ; for. Svensson yield-only model
f, =By o oML M2 M3 ; for Nelson-Siegel yield-macro model
f. =By, Lo Pars Pus ML, M 2,, M 3,) ; for Svensson yield-macro model

2.3 Data

Zero-coupon, yields, for. German Treasury-bonds are .collected ,from Deutsche
Bundesbank “(Bank "of* Germany).~Our sample period‘eovers-January 1992 until
December 2008 for a total of 204 monthly observations (See Figure 2). We examine
fixed maturities of 12, 24, 36, 48, 60, 72, 84, 96, 108, 120, 132, 144, 156, 168 and 180
months. The descriptive statistics of the yield curve are shown in Table 1. The in-
sample period covers January 1992 until December 2002 while the out-of-sample
period covers January 2003 to December 2008.


http://www.bundesbank.de/index.en.php�
http://www.bundesbank.de/index.en.php�
http://www.bundesbank.de/index.en.php�

We collect the Germany’s macroeconomic indicators from Deutsche
Bundesbank. Then we adjust and analyze data to obtain the appropriate indicators
(See Section 2.4.2.2 for more details).

2.4 Estimation method
2.4.1 Latent factors estimation

Since the Nelson-Siegel model requires _estimating a non-linear equation
which complicates the algorithim considerably, we try to fix the A in order to convert
the non-linear equation to«a lin€ar equation. The value of this parameter determines
the maturity at which the*loading on the curvature factor achieves it maximum. As
two or three year maturities/are commonly used for this purpose, Diebold and Li
(2006) set A = 0.0609"whigh is the value that maximizes the loading on the curvature
factor at 30 months. )

However, Hurn etal (2005) study thé éﬁect of fixing A and show that although
this approach has the advantage of simpliclitz)fin terms of implementation; it is likely
to be suboptimal if the fit of the yield curve ,is_s;a_nsitive to the choice of the time-scale
parameter. They apply the Nelson-Siegel mbd’el to the UK Gilts data during 1985-
2004. They find that the yield curve constructed from A = 0.0609 has a poor fit to the
true yield curve of UK. Similarly, for the German yield curve, we believe the A should
be different from the onesused in the US market. Consequently, we decide not to use A
= 0.0609 as suggested by Diebold and Li (2006):

What is the appropriate value for A? In this paper, we simply use the average
of the time 'series ol obtained from the non-linean least Square.fAlthough this choice
of A could be debatable, we leave this issue for future study. More precisely, to
estimate the value of A, we use solver in Microsoft Excel to solve for the in-sample

value of latent factors (4,'s) and A4, that minimize the root mean square error

(RMSE) at each month t.

RMSE = Jﬁi(yt (0) -y, (2))?


http://www.bundesbank.de/index.en.php�
http://www.bundesbank.de/index.en.php�
http://www.bundesbank.de/index.en.php�
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Where N is number of maturities
Yy, (z) is the actual yield at maturity of z year(s) at time t from

Bundesbank

§/t (z) is the predicted yield at maturity of z year(s) at time t from the

models (given by equations (1) and (2))

Then we fix A, by taking the average of the time series. That is, we fix

N

=32

t=T

=

where 4, is the estimated rate of exponential decay i from nonlinear lease square

(based on equations (1) and (2))

T is a number of months in the inssample period

We get 4, equal t0 0.460 for'the Nelson-Siegel model, and 4, and 4, equal to
0.452 and 0.194 respectively for the Svensson model. After we fix A (and 4,), we

re-run solver to discover the Values of g, f,;, Byand g, that minimize RMSE at

each time t.

Note that the estimated results of the non-linear least squares are very sensitive
to the initial value of the. inputs before running the program. In this study, we try to
minimize the (RMSE fin the following imanrer. We" first) minimize the RMSE by

changing only the cells of g, while other parameters are fixed. Then we minimize
RMSE by ¢hanging,only 5;, ‘while g, are fixed atithe vaiues obtained|in the previous

step. We'repeat the same process for the remaining parameters. Finally, we minimize
the RMSE by changing all parameters. The reason we have to use these steps is that if
we minimize the RMSE for each month as usual, the resulting factors tend to
considerably fluctuate. In reality, such rapid changes in those factors during short
period of one month are not sensible. Hence, we try to smooth the changes of the
yield curve factors by aforementioned process.
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2.4.2 Selection of macroeconomic factors

We propose two methods of macroeconomic variables selection which are
traditional and correlation-based approaches. In the traditional approach, we select the
macroeconomic variables that should have useful information to explain the trend of
each latent factor according to economic theory or intuition. For example, the
inflation rate should explain the movement of the level factor according to the Fisher
equation. In the correlation-based approach, we select the macroeconomic variables
that are highly correlated with the latent factars:

We confirm our estimated yield factors by computing the correlation between
the yield curve factors ap@its.proxy. If the correlations are high, it implies that the
estimated yield curve faciors are.acceptable since they match their definition.

2.4.2. 1 Traditional approach

In Figure 34, we show the esfiﬁwated level and two comparison series:

- A commonempirical prox;};:f6=r;:_level is an average of short-, medium-
and long term yields, (y«(12) + y:(96) + yt(18()_)_) / 3). The correlation between g, and
the proxy is 0.71 and-0.54 for the Nelson-Siegel and the Svensson model respectively.

This supports our explanation that g, is a level factor.

- A measure of inflation (the 12-month~percent change in the price
deflator for persenal consumption expenditures; 100, *«(Pp= P.t12) / P t12, Where Py is
the price deflator for personal consumption expenditures at @ime t and P 12 is the
price deflator for personal consumption expenditures at time t-22). The correlation

between: g, and the'actual inflation is 0:35 for the Nelson-Siegel'model and 0.14 for

the Svensson model. We choose inflation as one of our macroeconomic variables
because there is a link between the level of yield curve and inflationary expectation
suggested by the Fisher equation.

In Figure 5-6 we show the estimated slope and two comparison series:
- A standard empirical slope proxy is the difference between the short-
maturity and long-maturity yield given by y(12) - y«(180). The correlation between



12

BSyand the proxy is 0.99 and 0.95 for the Nelson-Siegel and the Svensson model
respectively. This supports our explanation that f,, is a slope factor.
- The consumer goods production index. The correlation between g,

and the index is 0.83 for the Nelson-Siegel model and 0.78 for the Svensson model.
The consumer goods production index could represent economic activity because
when economy is bad, there will be less consumer goods produced. As a result, the
production of consumer goods index will decrease. At the same time, the central bank
will have to decrease the short term policy Tate to stimulate the economy. Then the
slope factor of the yield.curve will deerease. This-explains the relationship between
the slope factor and the produetion index.

In Figure 7.9, we show the estimated curvature and two comparison
series: :

- A common empirical proxy for curvature is the difference between
the twice the medium-maturity yield and the sum of the short- and long-maturity. In
the Nelson-Siegel model and the first curvature of Svensson model, 2 * y; (48) - y:(12)

- Y1 (180). The correlation between- /. and this proxy is 0.99 and 0.91 for Nelson-

Siegel and the firstvcurvature of Svensson model respectively. For the Svensson
model, we use 2 * y; (96) - v; (12) - v; (180) as a proxy for the second curvature factor.

The correlation between 4, and this proxy is 0.45. This supports our explanation
that ,, and f,, are curvature factors.

- | The [ change 'of ' unemployment. We | select the change of
unemployment as suggested by Modena (2008) who studies the yield curve of the US
marketsand, found™that the curvature factor reflects 'the: cyclical -behavior of the
economy' which can be represented by the dynamics of industrial production and
unemployment. He found a sharp reduction of the curvature factor immediately before
recessions. This result suggests that the curvature of the term structure seems to be
informative for predicting evolution of the economy. Hence, in this paper we use
change of unemployment as a macroeconomic factor to explain the dynamics of the

curvature factors. The correlation between £, and the index is -0.34 and -0.42 for
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Nelson-Siegel and Svensson model and the correlation between g, and the index is

0.29.
2.4.2.2 Correlation based approach

In this approach macroeconomic factors are chosen based on their
correlations with the latent factors.. To do. that, we first select the main economic
indicators for each group by choosing indicaiors that reflect the whole character for
each group. For example,-we choose total EGDP«instead of GDP from construction
sector. Then we adjust data-n"0rder to remove the seasonal effect and focus on the
portion extracted fromwmacreeconomic variables that potentially affect the yield
curve. Figure 10 showsall selected indicators and their adjusting approaches. After
that we compute the correlation between‘é-éch of these variables at time t-1 and each
of the latent factors at/time /t% Then, for each latent factor, we choose the
macroeconomic variable that has the highest correlation with the latent factor. We
expect that these macroeconomic indicatorswill improve yield curve forecasting. Our
selected measures of the economy-include: number of employee (EMP;) for the level
factor, production of consumer goods (PR_O,'Dt) for the slope factor, and orders
received in manufacturing sector (MN;) for the curvature factor. The correlations are
given in Figure 11.

Note that for the curvature factor we choose the macro variable that
has the highest value of thessum of the absolute correlations. That is the absolute
values of correlation from Nelson:-Siegel model and Svensson model are calculated.
Next, we find the summation of them and choose the macro variable that has the
highestavalue. The correlation between the latent factors and theymacro variables are

shown in'Figure 12-18.

2 \We use the correlation between the macroeconomic variables at time t-1 and the
latent factors at time t because we want to choose the macro factors that are able to

forecast the future values of the latent factors.
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2.4.3 Estimation of vector autoregression (VAR)

Vector autoregression (VAR) is commonly used for forecasting systems of
interrelated time series and for analyzing the dynamic impact of random disturbance
on the system of variables. The VAR approach models by treating every endogenous
variable in the system as the function of the lagged values of all of the endogenous
variables in the system.

From equation (4), we have two setssof macro variables. In the traditional
approach, M1, M2, and M3 are Inflation rate;“production of consumer goods index
and change in unemployment.rate respectively. In the correlation-based approach,
M1, M2, and M3 are number of employees, production of consumer goods index and
order received in manufaeturing sector.

Figure 19-22 show the estimated matrices of coefficients of the Nelson-Siegel
and Svensson with macroffagtors.models for both traditional and correlation-based
approaches. Bold entries in Figure 19-22 denote parameter estimates that are
significant at the 5 percent level. Most diag@n;il coefficients are significantly different
from zero at 5 percent level. Fhis impliés; "th’(__e latent factors can be explained by
themselves in the past. In addition, we find the effect of the macroeconomic in the
previous month to ithe current latent féCtE)l’S through some coefficients that
significantly differentfrom zero at 5 percent level. This supports our expectation that
macro variables have  useful information and could improve the yield curve
forecasting.

Table 2"provides the correlation between the macroeconomic variables at time
t and the yield curve factors at time t. We find that the correlation between the latent
factors.and theirimagro factor-is‘high.‘Hence, these macro variabias do not give much
of new information provided that the latent factors are already included. This result is
consistent with the estimated matrices of coefficients that only most of the diagonal
coefficients are significantly different from zero.



CHAPTER 3
FORECASTS EVALUATION

3.1 Out-of-sample forecast

For this step, we use data from 1992:1 to 2002:12 as in-sample and 2003:1
through 2008:12 as out-of-sample: To ‘evaluate the forecasting performance, we
compare the Root Mean Square Error (RMSE).from all the models. The smaller the
RMSE, the better the model forecasts. The RMSE-is calculated from

RMSET 5 \/%ZN:(yt (7)= 9t (T))z

Where RMSE_ s the root mean square error of yield at maturity of 7 year(s)

N is a numper of months In the out-of-sample period
y,(7) is the actual.yield at maturity of 7 year(s) from Bundesbank at

time t
§/t (z)~is the predicted yield at 'khéturity of z year(s) from the models at

time t

In Table 3-8 we . compare forecasting results by using the root mean square
error (RMSE) from the 6 models;

o Nelson<Sjegel yieldonlysmodel
e Nelson-Siegel yield macro model (traditional approach)
e Nelson-Siegel yield macro model (correlation-based approach)
e Svensson yield only model
e Svensson yield macro model (traditional approach)
e Svensson yield macro model (correlation-based approach)
for maturities 1 to 15 years and forecast horizon of 1, 3, 6, 12, 24 and 60 months.
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From Table 3, the result shows that in case of the forecast horizon that is very
short (1 month), the yield only of the Nelson-Siegel model provides the best forecasts
of the yield curve for short maturities. However, for long maturities the yield-only of
the Svensson model provides better forecasts. When comparing between two macro
selection approaches, traditional approach is better.

From Table 4, the result shows that at forecast horizon of 3 months
macroeconomic variables from correlation-based approach improve the prediction for
short maturities. However, for the long matuities the macroeconomic variables and
the flexibility of Svensson do net improve the.yield curve prediction.

From Table 5-6, the result shows that at forecast horizon of 6 and 12 months
the macroeconomic factorsandsthe flexibility of Svensson model improve yield curve
prediction.

From Table 7, the result shows that at forecast horizon of 24 months the
flexibility of Svensson model can reduce the RMSE at all maturity while the
macroeconomic factors'can improve the yield curve forecasting only at short and
medium maturities. .

From Table 8, the result shows that at forecast horizon of 60 months the yield-
only Nelson-Siegel model is the best modekl for most of maturities, that is the
flexibility of the Svensson model and macroécbnomic cahnot improve the prediction
of yield curve.

In conclusion, the results give support 1o the dynamic interaction between the
yield curve latent factors.and macroeconomic variables; that is, we find strong
evidence of macroeconomic effects/'an the ‘future yield curve leading to the
improvement intyield curve forecasting in medium forecast horizons (6-12 months) at
most maturities. | At 1.and 60-months‘forecast horizon, however,, the models without
macro variables are better. At 1 month forecast horizon, the effects of macroeconomic
variables are not yet reflected in the yield curve since market participants and policy
makers require time to digest the information in order to react properly. Hence,
adding them to the model will not improve the prediction. Moreover, at 60 months
horizons, we cannot accurately predict the macroeconomic variables since the

economic condition has been changed considerably from the current condition.
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When we compare the Nelson-Siegel and the Svensson models, we find that if
we exclude the macro variables, the Nelson-Siegel model gives better forecasting in
some forecast horizons (3,6 and 60 months) but in other forecast horizons the results
are mixed. The reason is that the factors in Nelson-Siegel model cover all useful
information. Then, if we include unnecessary information from macro variables, the
model will suffer from noise. If we include the macro variables to the model, we find
that for the traditional approach the results are not obvious; that is at 1, 12 and 24
forecast horizons, the Svensson model is petter but at 3, 6 and 60 months the results
are mixed. However, for the correlation-based approach the results show that the
Svensson model is better for almost all forecast horizons. Therefore, we can conclude
that the flexibility of the«Svemnsson model and the information of macroeconomic
variables together have.some useful -interaction and can improve the yield curve
prediction.

When we compare the results between the Nelson-Siegel model and Svensson
model without macro variables, wefind that the results are mixed. Moreover, when
we compare between traditional aned correl,ét-ion-based approaches, at short forecast
horizons (1-12 months) for'the Nelson—SiégéI:model, the traditional approach gives
better prediction but for the Svensson model;:the correlation-based approach gives
better prediction except at the forecast horizon ‘of 1 month, However, at long forecast
horizons (24-60 months) the tradition approach gives better/prediction.

To examine the sources of error, we compute the forecasting errors in term of
RMSE for the forecasts of latent factors. The results are given in Table 9. We find that
most of the RMSE of forecasted latent  factors,is-consistent with the RMSE of the
forecasted yield“curve. For example, at 1 month forecast horizon the RMSE of
forecasted‘latent) factors and ‘yieldcurve of Nelson-Siegel yield<anly model is lowest
and at 12 months forecast horizon the RMSE of forecasted latent factors and yield
curve of Svensson yield-macro model is lowest. Hence, a part of the error of yield

curve forecasting comes from latent factor forecasting.

Now we compare our models with the following standard models:

(1) Random walk : Vou (7) = ¥, (7)

Where Y, ,(z) is the predicted yield at maturity of z year(s) at time t+1
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y,(7) is the actual yield at maturity of z year(s) from Bundesbank at

time t

(2) AR(1) on yield level : Vo (7)) =C(2) + 7 ()Y, ()
Where ¥, ,(z) is the predicted yield at maturity of z year(s) at time t+1
y,(7) is the actual yield at maturity of z year(s) from Bundesbank at

time t
¢(r) and y(r)are the coefficients estimated from AR(1) model at

maturity of z_year(s)

(3) VAR(1) on yield level ; N RC Jrfyt

Where 'y, , is the'vectorof predict;éa yield for all maturities at time t+1
y, is the vector of actual yleld for all maturities from Bundesbank at
time t |

¢ and I are the matrixes of E__'de,ff__icients estimated from VAR(1) model

(4) AR(L) on'Nelson-Siegel factors : ELM =T p,

Bopn = &= IBYEY

ﬁ3,f+1 = 53 + r3183,i

Wherel9g, || 8., and| .. | are the predicted level, slope, and curvature
factor of Nelson-Siegel model at time t+1

BB and“B, ¢ are the level, slope; and curvature(factor of Nelson-

Siegel model at time t from fitting of the yield curve to actual data
from Bundesbank

~
A~

¢, ¢, &, I,, T, and I, are the coefficients estimated from AR()
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(5) AR(1) on Svensson factors : El,m =¢ +T, B
B =€+ 158,
!33,f+1 = 63 + rgﬁs,s

B =Ca+ 4By,

Where ,f?ml, Zﬁlm, Elm and Eml are the predicted level, slope, the first

curvature, and the second curvature. factors of the Svensson model at
time t+1

B Boi B andp,  are the level, slope, the first curvature, and the

second curvature factors of the Svensson model at time t from fitting of
the yield cugve 0 actual data from Bundeshank

A ~

¢, &€, 6, I/, T, and I, are the coefficients estimated from

AR(1)

The equations described previouslgf:—_mgke forecasts for one period. To do
multiperiod forecasts, we use the chain (Qi_(_e ;(_)f forecasting. Using the chain rule
forecasting, we substitute the predicted value'o/f féctor at tfime t+1 into the equation to
get the factor’s value at time t+2, and substitute the predicted value of factor at time
t+2 into the equation to get the factor’s value at time t+3, and so on.

The result in Table 10 indicates VAR(1) models (the Nelson-Siegel yield-only
and yield-macro model-and the Svensson yield-only and;yield-macro model) are the
best approaches'to forecast the yield curve for most of all forecast horizons since they
outperform othen eOmpetitor Aiodels in most cases: The reason is'that VAR(1) model
incorporates highest level of information compared to random walk and AR(1). For
example, VAR(1) also considers the cross relationship between the variables at time
t+1 and other variables at time t. In addition, we also found that VAR(1) on the latent

factors of the yield curve outperform VAR(1) on yield level.
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3.2 Impulse response

The most intuitive tool to analyze the interaction among variables in the
system is the impulse response function for each of the series.
We will consider four groups of impulse responses as follows:
e Macro responses to macro shocks
e Macro responses to yield curve shocks
e Yield curve responses to macro shocks

e Yield curve responses to yield Cuive shocks

3.2.1 Traditionakapproach
The macroeconomic variables for traditional approach are as follows:
e M1: Inflation rate
e M2: Production‘of cansumer goods index
e Ma3: Change in unemployment rate
From the impulse respanse; we find that most of the yield curve responses to
yield curve shocks and some -of the othér; types of responses are statistically
significant. Moreover, the impulse response is consistent-with the economy theory.
For example, when there is unexpected increase in inflation, the slope factor (B2) will
increase because central bank will have to increase the short term policy rate to reduce

inflation.

a) Macro responses to macro shoeks

The result for hoth the Nelson-Siegel and Svensson model is the same.
A positive shock in inflation rate (M1) has no significant on consumer goods index
(M2) and unemployment (M3). An increase in production index (MZ2) has no
significant effect on unemployment (M3) but inflation rate (M1) will increase. In
addition, when there is a positive shock in unemployment (M3), which means higher
unemployment rate than expected, inflation rate (M1) and production of consumer
goods index (M2) will increase but not significant.
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b) Macro responses to yield curve shocks

An increase in the level factor (B1) will be followed by an increase in
inflation rate (M1) but not statistically significant. When the level factor increases,
production index (M2) will decrease with statistical significance. The reason is that
when the interest rate increases, people will buy less consumer products and try to
save more. Hence, the production index will decrease. In addition, an increase in the
level factor will be followed by an increase in unemployment (M3). This effect is
statistically significant. The reason Is that when. the level of interest rate increases,
there will be less investment in real sectors and-thereby unemployment will increase.

When the slope factor (B2) .increases, inflation rate (M1) and
production index (M2) will iacrease since when the central bank concerns about
inflation, the short term policy raie and'the slope factor will increase. However, the
increase of interest rate will/not prevent inflation completely. Hence, inflation rate
will still going up but'onlyto.a small iextent. An increase in the curvature factor (B3)
will has the effect that is statistically significant on production index (M2) and
unemployment (M3). When the curvature,. factor Increases, production index will
increase and unemployment rate will deéféasge since the curvature factor usually
represent the state of economy. if the curvature factor is positive, the economy is
during boom. Then the production index tehdé to IncreaSe while the unemployment
tends to decrease.

For the Svensson model, the result is the same as the Nelson-Siegel
model. In addition, thereris.no significant response of macroeconomic variable to the

second curvature factor-shock (B44).

c) |Yiald curveresponses|to iacro shocks
The yield curve factors have negligible responses to shocks in inflation
(M1) except the response of the slope factor (B2). The reason is that when there is an
unexpected inflation, the central bank will increase the policy rate which is a short
term rate. Hence, the slope factor will increase.
When the consumer goods production index (M2) increases, there is
only the response of curvature factor that statistically significant. The reason is the

increase in production index is the signal of good economy. This is consistent with the
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curvature that reflects the economic condition. However, the unemployment rate (M3)
have no significant effect on the yield curve factors.

For Svensson model, the result is the same as the Nelson-Siegel model.
In addition, there is no significant response of the second curvature factor (B44) to the

macroeconomic variable shock.

d) Yield curve responses;to yield curve shocks

For the Nelson-Siegel model,Wwien the level factor increases, the slope
factor and curvature factor will decrease. Wihen the curvature factor increases, the
slope factors will increase. For-the Svensson model, when the level factor increases,
the slope factor and the sgeond.curvature factor will decrease while the first curvature
factor will increase. When the slope factor or the second curvature factor increase,
there will be no significant effect on other factors. However, an increase in the first
curvature factor will be followed by an increase in the slope factor and a decrease in
the second curvature fagtor.

3.2.2 Correlation-based approachlii
The macroeconomic variables for fraditional approach are as follows:
e M1 Number of employees- ’
e M2 Production of consumer goods index

e Ma3: Order received in manufacturing sector

Similar“to the ‘traditional ‘approach; we find that) most of the yield curve
responses to yield curve shocks and some of the other types of responses are
statistically: tsignifiCant: “Moreover,! the fimpulse | résponse is <Consistent with the
economy;theory.

a) Macro responses to macro shocks

The responses of the macro variables to macro shocks for both Nelson-
Siegel and Svensson models have the same trend. Most of them are not statistically
significant. However, for the Svensson model, when production index (M2)

increases, the number of employee (M1) will increase. This response is statistically
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significant. The reason is that when the production index increases, there will be more

labor employed. Hence, number of employee will also increase.

b) Macro responses to yield curve shocks

Responses of macro to yield curve shocks are not statistically
significant, except the responses of production index (M2) to shock of the slope factor
(B2) and the curvature factor (B3) aswell as response of order received (M3) to the
shock of curvature factor (B3). In the case of pesitive shock to slope factor such as the
situation when the long-term interest rates.decrease compared to the short-term
interest rates, the cost of capital for the firms will decrease and there will be more
investment in manufacturng sector. Consequently, the production index will be
increased. The increase_in curvature can be interpreted as a sign of good economy.
During the good economy, the demand of consumer goods is high. Hence, the order
received in manufactlring’ sector will increase. In addition, the producers tend to

increase their production and production index will increase.

¢) Yield curve responses to -h]’acro shocks

For both Nelson-Siegel model and Svesson model, an increase in the
production index (M2) will be followed by ’an increase in the level factor (B1).
Moreover, when orger received in manufacturing sector.(M3) increases, the slope
factor (B2) will increase. The reason is that when the production index unexpectedly
increases, people will realize that the econoemy is during boom and they will increase
their inflation'€xpectation. This' higher inflation expectationwill raise all nominal
interest rates. Hence, the level factor. will increase. On the other hand, when the order
received) in manufacturing “sector | increases, | investors' who “invest in long-term
securities such as corporate bonds will require less risk premium since their
counterparty, the manufacturers, can justify their requests for capital (To expand their
production capacity in order to match the increasing demand). Hence, long-term
interest rates tend to decreases compared to the short-term interest rates and the slope

factor will decrease.
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d) Yield curve responses to yield curve shocks

For the Nelson-Siegel model, when the level factor (B1) increases, the
slope (B2) and curvature factor (B3) will decrease. When the slope factor increases,
there will be no significant effect on the level factor and the curvature factor. An
increase in the curvature factor (B3) will be followed by an increase in the slope
factor (B2).

For the Svensson model, when the level factor increases, the slope
factor (BB2) and the second curvature factor (BB4) will decrease while the first
curvature factor (BB3) will increase. When-theslope factor (BB2) increases, the first
curvature factor (BB3) will deerease while the second curvature factor (BB4) will
increase. An increase in.the first curvature factor (BB3) will be followed by an
increase in the slope faetor (BB2) and a decrease in the second curvature factor
(BB4).



CHAPTER 4
CONCLUSION

We extend Diebold and Li (2006) work in estimating a dynamic model for the
yield curve forecasting that incorporates both yield factors (level, slope, and
curvature) and macroeconomic variables. In particular, we study the prediction of the
German Treasury bond yields by wsing the dynamic Nelson-Siegel and dynamic
Svensson models. We try to improve the prediction by (i) using the relationship
between macroeconomic and-yield curve factors-te-explain the movement of the yield
curve, and (i) including.an-extra curvature factor (i.e. Svensson model) to provide
higher flexibility for dfitting«the 'yield curve. The effect of the macroeconomic
selection methods to thesprediction is aiso studied.

The results give support to the exi;tence of the interaction between the yield
curve latent factors andsmacrgeconomic variables, which can be seen from the
coefficients in VAR(L) and the impulse response. That is each factor is mostly
explained by its own previous (lag-1) value, while the previous (lag-1) values of other
factors have smaller explanatory:power. Nevertheless, the cross relationship between
macroeconomic and latent factars helps improve yield curve forecasts for medium
horizons (6-12 months) at most maturities. At very shori {1 month) and very long (60
months) forecast haorizons, however, the models withoutmacro variables are better,
and the results are mixed for somewhat short (3 menths) and long (24 months)
forecast horizons. The reason is market participants and policy makers require time to
digest the information_in (order o reactcproperly soa macro variables give poor
prediction in short horizons, and the economic_condition can ¢hange considerably
over time $0. macro. variables 'give poor prediction in long horizons. Moreover, we
find that'the RMSE of the Nelson-Siegel yield-only is close to that of the Svensson
yield-only model for the very short and very long forecast horizons. This implies that
for the situation where the macro variables do not help, the flexibility from the
Svensson model does not help either.

Focusing on the medium forecast horizons (6-12 months) where
macroeconomic variables improve the forecast performance, we find that the method

of selecting the macroeconomic variables is also significant and model dependent.
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More precisely, for the Nelson-Siegel model, the traditional approach provides better
yield curve prediction but for the Svensson model, the correlation-based approach
provides better yield curve prediction. This is because the macro variables chosen in
the traditional approach, which is used by many economists and researchers, are based
on the Nelson-Siegel factors literature. On the other hand, for a different model like
the Svensson, the statistical analysis adopted in the correlation-based approach helps
select better macro variables. Moreover,. when we compare the Nelson-Siegel with
macro factors from the traditional approach ana the Svensson with macro factors from
the correlation-based approach, we find that the later model gives better forecasting
result.

Finally, because the"Vield curve forecasting error comes from both the yield
curve fitting and latent faetors forecasting, to improve the yield curve forecasting, we
need to improve either the'yield curve-fitting or latent factor forecasting. For example,
we might use a new method of choosing macroeconomic variables to improve the
latent factor forecasting; or we might use @ dynamic A instead of a fixed A to improve

the yield curve fitting. We; hawever; leave these ideas for future studies.
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APPENDIX A

Maturity Minimum Maximum Mean Standard Deviation
(Years) (Percent per Year) (Percent per Year) (Percent per Year)  (Percent per Year)

1 161 9.47 4.016 1.628

2 1.83 9.11 4,188 1.524

3 2.04 8.88 4.382 1451

4 2.26 8.66 4567 1401

5 2.46 8147 4,734 1.367

6 2.66 8.32 4.879 1.344

7 2.83 82 5.006 1.327

8 3.00 8.1 5.115 1.314

9 32 8.02 5.209 1.302

10 3a2ls 7.96 5.291 1.293

11 3.29 19 5.362 1.283

12 3:36 79 5.424 1.275

13 3.42 7.94 5.479 1.268

14 3.48 7.97 5528 1.261

15 3.52 7.99 5572 1.255

Table 1 Descriptive statistics for monthly yi'élds at different maturities (Full period).

=3 J--.

-~ = Rel500-SI8get Wibdel

Traditional approach Correlationsbased approach
M1 M2 M3 M1 M2 M3
Level 0.354 -0.259 0.329 0.830 -0.259 -0.158
Slope 0.641 0.836 -0.048 -0.125 0.836 -0.217
Curvaturel 0.153 0.355 -0.317 0.058 0.355 0.365
(=% Svensson model
Traditional'approach Carrelationsbased approach
M1 M2 M3 M1 M2 M3
Level 0.128 -0.309 0.163 0.659 -0.309 0.005
Slope 0.755 0.782 0:069 0.055 0.782 -0.302
Curvaturel 0,083 0,297 -0.411 -0.185 0.297 0,439
Curvature2 0.454 -0.015 0.351 0.517 :0.015 -0.300
Note

Traditional approach
M1 inflation
M2 consumer goods production index

M3 change of unemployment

Correlation-based approach

M1 Number of employee
M2 Consumer goods production index
M3 Order received from manufacturing sector

Table 2 The correlation between the macroeconomic factors at time t

and the yield curve factors at time t
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. Nelson-Siegel Svensson
maturity . .
yield only . Pt . yield only - I .
traditional  correlation-based traditional  correlation-based
1 0.2350 0.2424 0.2361 0.2315 0.2390 0.3177
2 0.2452 0.2593 0.2604 0.2471 0.2600 0.3385
3 0.2457 0.2633 0.2747 0.2478 0.2640 0.3452
4 0.2358 0.2559 0.2791 0.2375 0.2556 0.3380
5 0.2232 0.2454 0.2819 0.2242 0.2434 0.3238
6 0.2099 0.2332 0.2838 0.2105 0.2295 0.3074
7 0.1999 0.2236 0.2891 0.2003 0.2188 0.2926
8 0.1910 0.2149 0.2938 0.1915 0.2095 0.2794
9 0.1839 0.2071 0.1845 0.2016 0.2689
10 0.1787 - 0.1792 0.1960 0.2613
11 0.1737 . 0.1740 0.1904 0.2553
12 0.1703 " 0. é 0.1697 0.1862 0.2519
13 0.1684 .320 ___‘.1670 0.1836 0.2495
14 0.1659 __ 3250 01637 0.1813 0.2474
15 0.1649 0 0 0.3287 . 0.1618 0.1800 0.2470
i 3 o
Table 3.R ﬂlﬂ casted yiel month horizon
AN
maturity 1-Si _ [j i ' Svensson
yield only : ith matro/ ¥ . - with macro .
aditional fel ] e traditional  correlation-based

1 0.5376 ).5090 ;5 q-t. 0 0.5073 0.5431
2 0.5334 0.5132 0.5206
3 0.5088 0.4965 0.4929
4 0.4761 F; < J 0.4707 0.4625
5 0.4436 . ). 0.4512 0.4439 0.4337
6 0.4116 0.4178 T : 0.4189 0.4165 0.4058
7 0.3852 0.396’4:-1{::5"}'-‘.;@. 0.3932 0.3825
8 0.3780 0 0.3735 0.3630
9 0.3614 0.3561 0.3464
10 0.3422 0.3336
11 0.3303 0.3232
12 0.3215 0.3159
13 0.3158 0.3154 0.3099
14 ‘. 0.3094 3711 . 0.3124 0.3058
15 0.3030 ! .28 0.3102 0.3030

(NS¢horizon

AMIANTUNNIINY1AY
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. Nelson-Siegel Svensson
maturity 2 -
yield only _ withmacro yield only _ withmacro
traditional  correlation-based traditional  correlation-based

1 0.7140 0.6193 0.5990 0.7179 0.6223 0.5938
2 0.7029 0.6195 0.6029 0.7124 0.6233 0.5434
3 0.6647 0.5934 0.5837 0.6768 0.5987 0.4938
4 0.6201 0.5606 0.5559 0.6338 0.5669 0.4484
5 0.5783 0.5303 0.5301 0.5924 0.5361 0.4106
6 0.5396 0.5020 0.5063 0.5533 0.5062 0.3785
7 0.5072 0.4786 0.4884 0.5199 0.4806 0.3538
8 0.4798 0.4590 0.475. 0.4911 0.4587 0.3364
9 0.4566 0.4422 0.4663 0.4398 0.3236
10 0.4379 0.4285" 0.4461 0.4247 0.3156
11 0.4216 - i / 0.4286 0.4118 0.3113
12 0.4095 0.45 / 4154 0.4030 0.3093
13 0.3996 459 T 053 0.3970 0.3095
14 0.3919 'U.4627 0.3981 0.3940 0.3111
15 0.3856 J 0.465! 0.3929 0.3925 0.3139

Table 5'R d"e -! ield at 6 months horizon

o,
i Svensson
maturity i
yield only " LA .
traditional  correlation-based

1 0.8239 0.7610 0.7615
2 0.8216 0.7650 0.7159
3 0.7803 0.7343 0.6455
4 0.7323 0.6964 0.5769
5 0.6875 0.6614 - 0.6594 0.5187
6 0.6478 0.6296_-,{;_‘5::_-'_.-}_‘ 7240 0.6252 0.4701
7 0.6145 0.6028 0.5955 0.4329
8 0.5814 0.5712 0.4064
9 0.5514 0.3875
10 A 0.5357 0.3761
1 : o.szm 05231 0.3698
12 . 0.5281 . 0.51 0.5152 0.3667
13 0.5134 0.5204 0.6987 0.5085 0.5099 0.3671
14 0.5067 405151 0.7033.0 0.5035 0.5082 0.3693
15 ) 0.500740% 45 0.5082 0.3727

o'g ¥ -ci ed" o 2rl15n!h§lr10rizon
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. Nelson-Siegel Svensson
maturity . .
yield only B with macro _ yield only N with macro _
traditional  correlation-based traditional  correlation-based
1 1.0543 0.9749 1.2048 1.0576 0.9747 1.1959
2 0.9805 0.9216 1.2558 0.9826 0.9177 1.1428
3 0.8945 0.8526 1.2592 0.8977 0.8485 1.0533
4 0.8207 0.7932 1.2464 0.8241 0.7879 0.9695
5 0.7625 0.7469 1.2310 0.7637 0.7380 0.9006
6 0.7184 0.7125 1.2162 0.7158 0.6986 0.8455
7 0.6867 0.6883 1.2052 0.6793 0.6690 0.8040
8 0.6649 0.6722 1.1983 0.6530 0.6484 0.7740
9 0.6491 0.6607 1.1939 0.6335 0.6338 0.7516
10 0.6393 0.6540 1.1927 0.6215 0.6259 0.7368
11 0.6319 0.6486 0.6134 0.6213 0.7271
12 0.6288 0.6471 . 0.6112 0.6221 0.7200
13 0.6260 0.6452 0.6107 0.6242 0.7168
14 0.6250 " . — é 0.6131 0.6293 0.7145
15 0.6253 %ﬁluﬁmo 0.6363 0.7142
— —

Table 7 ecasted ‘months horizon

. Svensson

maturity .

yield only W o . \ jeld _ withmacro
tra NG s a ased Wy traditional  correlation-based

1 0.9389 £ : 7954 0.9390 0.9430 1.7292
2 0.8594 ! ,_ 6 0.8714 0.8831 1.7306
3 0.7962 ). At Lk | 5848+ 0.8142 0.8329 1.6830
4 0.7598 793 3 ) 7 0.7775 0.8016 1.6351
5 0.7439 = ) 0.7572 0.7849 1.5967
6 0.7410 . r. g | T 0.7484 0.7786 1.5674
7 0.7462 0.7484 0.7800 1.5472
8 0.7544 0.7867 1.5342
9 0.7963 1.5254
10 0.8081 1.5207
11 0.8206 1.5194
12 7 0.8354 1.5185
13 0.8053 .,  0.8501 8166 0.8491 1.5195
14 0.8137 D 0.8580 0.83 P 0.8637 1.5199
15 0.8215 0.865. 2.2200 0.8458 0.8783 1.5219

CUERN ) et i
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1 month ahead
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maturity NeIson-Sieg_eI Svensson .
yield only with macro yieldlonly with macro
traditional correlation-based traditional correlation-based
Beta 1 0.1669 0.1791 0.3967 0.3155 0.3498 0.2379
Beta 2 0.3163 0.3183 0.4623 0.3839 0.4164 0.5868
Beta 3 0.6469 0.6886 0.7788 0.9865 1.0222 1.2201
Beta 4 1.2399 1.2730 1.3522
3 months ahead
Nelson-Siegel Svensson
yisidionty B with macro _ i a B with macro _
traditional correlation-based traditional correlation-based
Beta 1 0.2621 0.2926 0.6563 0.4891 0.5430 0.3613
Beta 2 0.6017 0.5768 0.8369 0.6410 0.6968 0.9109
Beta 3 0.9820 0.9605 1.1052 1.3083 1.2669 1.2380
Beta 4 1.6204 1.6315 15571
6 months ahead
maturity Mjeggl [ = Svensson
yield only P with macro \ vield only - with macro .
g traditional correlation-based traditional correlation-based
Beta 1 0.3743 0.4043 . 0.7490 0.6245 0.6690 0.4363
Beta 2 0.7083 016749 0.9146 0.8127 0.8792 1.0450
Beta 3 1.1501 1.0941 +1,1478 1.4398 1.3528 1.2224
Beta 4 -8 1.7935 1.7709 1.9263
. ¥2 r"ﬂonths ahead
7 et
yield only . W'th s il yield only . AU .
traditional v “*corrélation-based traditional correlation-based
Beta 1 0.5336 05521 0.9660 0.7392 0.7800 0.5053
Beta 2 0.9203 0.8744 1.1803. 1.0305 1.0713 1.2883
Beta 3 1.3025 1.2666 1.24972 [y 1.4956 1.4547 1.1425
Beta 4 — 1.7284 1.7164 1.5921
T2 2 O momiths Afead )
. 0 Nelson-Siegel v Svensson
maturity L e with imacio — with macro
HEE OT};" traditional correlation-based yleld}in_!y traditional correlation-based
Beta 1 0.7461 0.7688 1.3840 0:9050 0.9444 0.7479
Beta 2 1.3598 1.2890 1.2761 14272 1.4033 1.5384
Beta 3 1.2068 1.2014 1.1604 1.3857 1.4178 1.0892
Beta 4 1.4848 1.4998 1.6890
60 months ahead
maturity | Né'lson-Sieg_eI ’ L. Svensson
yiBld only with macro yield only with macro
traditional correlation-based traditional correlation-based
Betd 1 1.0299 10761 2.3517 1.1257 1.1566 1.1253
Beta2 1.5299 1.5401 1.4815 1.4857 1.4963 1.7105
Beta 3 1.1636 1.1589 1.3501 1.4819 1.4868 1.8977
Beta 4 1.3604 1.3483 1.7817

Table 9 The RMSE of forecasted yield curve factors at
1, 3,6, 12, 24, 36, 48 and 60 forecast horizons



1 month ahead

Maturities 1 3 5 10 15

Random Walk 0.23128 0.24870 0.22271 0.17997 0.16359
AR(1) : Nelson-Seigel 0.24046 0.25035 0.22562 0.18189 0.16788
AR(1) : Svensson 0.28200 0.30454 0.29903 0.27542 0.27083
AR(1) : Yield Level 0.24057 0.26041 0.23584 0.19034 0.17271
VAR(1) : Yield Level 0.25704 0.32834 0.39251 0.36597 0.24235
VAR(1) : Nelson-Seigel ONLY 0.23500 0.24574 0.22320 0.17872 0.16492
VAR(1) : Svensson ONLY 0.23149 0.24776 0.22425 0.17923 0.16183
VAR(1) : Nelson-Seigel + Macro 0.24242 0.26330 0.24541 0.20133 0.18097
VAR(1) : Svensson + Macro 0.23903 0.26398 0.24338 0.19602 0.17997
VAR(1) : Nelson-Seigel + Macro* 0.23607 0.27469 0.28193 0.30503 0.32873
VAR(1) : Svensson + Macro* 0.31773 0.34519 0.32382 0.26126 0.24698

3 montHs aflead

Maturities 1 "’;n}fj 5 10 15

Random Walk 0.55078 052477 0.45039 0.32775 0.28639
AR(1) : Nelson-Seigel 0.55340 0.51839 0.45049 0.33848 0.29461
AR(1) : Svensson 0.653354 0.68265 0.67890 0.65298 0.64416
AR(1) : Yield Level 0.57263 0:56073 0.49447 0.36568 0.32018
VAR(1) : Yield Level 0.57143 0.65537 0.76853 0.69890 0.44988
VAR(1) : Nelson-Seigel ONLY 0/53761 0.50878 0.44358 0.32678 0.28014
VAR(1) : Svensson ONLY. 058678, 0.51570 0.45116 0.33283 0.28763
VAR(1) : Nelson-Seigel + Macro 0.50899 0.49377 0.44317 0.34752 0.30304
VAR(1) : Svensson + Macro 0:50729° 0.49649 0.44393 0.34224 0.31022
VAR(1) : Nelson-Seigel# Macro#* f Jb.§19335 « 44 0.49035 0.44688 0.37937 0.37100
VAR(1) : Svensson + Macro* 0154310 * 0.49287 0.43367 0.33362 0.30304

— -
~ / / / o .6 months ghead

Maturities . B 3 el 5 10 15

Random Walk 0.76633 '/ 4y 0.70211 0.60398 0.44935 0.40241
AR(1) : Nelson-Seigel 0:75679 = +0.68403 0.59129 0.46065 0.41601
AR(1) : Svensson 0.90536" " ¥0.96987 0.99595 1.01078 1.01278
AR(1) : Yield Level 0/84579 ¢ 40.82113 0.74175 0.56709 0.50698
VAR(1) : Yield Level 110,75420 1+ 4075715 0.84955 0.75963 0.48624
VAR(1) : Nelson-Seigel ONLY 0:71397 ~.0.66467 0.57832 0.43794 0.38562
VAR(1) : Svensson ONLY 0.71786 ~0.67684 0.59242 0.44613 0.39286
VAR(1) : Nelson-Seigel + Macro 0.61934 ~0.59339 0.53028 0.42848 0.38812
VAR(1) : Svensson + Macro 0:62235 :;5*0_:53374, 0.53614 0.42468 0.39250
VAR(1) : Nelson-Seigel+ Macro* 0.59902 0.58371 0.53009 0.46124 0.46512
VAR(1) : Svensson + Macro* 0.59383 0.49378 0.41057- | 0.31558 0.31387

i 12 months ahead A

Maturities — 1 8 e 10 15

Random Walk 0.92504 0.85219 0.75116 0.59308 0.55502
AR(1) : Nelson-Seigel 0.91968 0.80825 0.70616 0.59889 0.57568
AR(1) : Svensson 1.11241 1.22279 1.29604 1.38213 1.40892
AR(1) : Yield Level 1.20613 119107 1.11438 0.88838 0.81114
VAR(1) : Yield'Level 1.03259 0.82031 0.74317 0.59960 0.51382
VAR(1) : Nelson-Seigel ONLY 0.82390 0.78032 0.68745 0.54830 0.50125
VAR(1) : Svensson ONLY 0.82891 0.78683 0.69360 0.54386 0.50066
VAR(1) : Nelson-Seigel + Macro 0.75825 0.73556 0.66141 0.54956 0.51029
VAR(1) : Svensson + Macro 0.76102 0.7343% 0.65940 0.53567 0.50819
VAR(2) i-Nelson-Seigel +Macro* 0.80898 0/80355 0.74683 069045 0.70853
VAR(1)':'Svensson + Macro* 0.76146 0.64550 0.51872 0,37610 0.37268

Table 10 The comparison between our models to other competitors.
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24 months ahead

Maturities 1 8 5 10 15

Random Walk 1.38980 1.12082 0.91767 0.72710 0.73214
AR(1) : Nelson-Seigel 1.17183 0.94401 0.82038 0.77453 0.80074
AR(1) : Svensson 1.31568 1.41059 1.49935 1.63017 1.68061
AR(1) : Yield Level 1.81490 1.32298 0.94598 0.72571 0.83059
VAR(1) : Yield Level 1.71323 1.27502 0.99095 0.88580 1.09889
VAR(1) : Nelson-Seigel ONLY 1.05428 0.89445 0.76248 0.63933 0.62527
VAR(1) : Svensson ONLY 1.05760 0.89768 0.76372 0.62155 0.61802
VAR(1) : Nelson-Seigel + Macro 0.97489 0.85258 0.74691 0.65396 0.64579
VAR(1) : Svensson + Macro 0.97470 0.84853 0.73803 0.62591 0.63626
VAR(1) : Nelson-Seigel + Macro* 1.20482 1.25917 1.23097 1.19273 1.20566
VAR(1) : Svensson + Macro* 1.19589 1.05334 0.90064 0.73678 0.71416

36 months ahead

Maturities il ,r f ¥ B 5 10 15

Random Walk 1.77408 1.45084 1.19482 0.92229 0.89010
AR(1) : Nelson-Seigel 1.14058 0.89332 0.80894 0.85800 0.92077
AR(1) : Svensson 1.35496 1.45052 1.54723 1.69075 1.74618
AR(1) : Yield Level 2.24867 1.68736 1.32195 1.18856 1.40181
VAR(1) : Yield Level 2. 03991’II 1.63730 1.39988 1.41760 1.67847
VAR(1) : Nelson-Seigel ONLY. 1.11725 0.92623 0.80072 0.72025 0.72666
VAR(1) : Svensson ONLY 1.11739 0.93805 0.81365 0.71742 0.74120
VAR(1) : Nelson-Seigel + Magero 1,04185 0.88570 0.78794 0.73951 0.75358
VAR(1) : Svensson + Macro i 1.03801"I 0.88704 0.78343 0.71610 0.75452
VAR(1) : Nelson-Seigel + Magro* 155478 1.66554 1.66236 1.63606 1.64396
VAR(1) : Svensson + Magro* i 53983 1.40609 1.26122 1.10593 1.07770

; / / / months ahead

Maturities T ‘." ) 5 10 15

Random Walk A1.67538/ \ 37947 1.15749 0.95639 0.95088
AR(1) : Nelson-Seigel 0.99252°. "% 0.82408 0.82201 0.95035 1.02649
AR(1) : Svensson 132293 "% 143745 1.54599 1.70070 1.75923
AR(1) : Yield Level 2:86182 /48191307 1.67059 1.70802 1.96667
VAR(1) : Yield Level 2:202441 |~ 11.89611 1.75029 1.88855 2.17129
VAR(1) : Nelson-Seigel ONLY 441600489 1y l0,83393 0.75252 0.74591 0.77689
VAR(1) : Svensson ONLY =03 74 ~0.85100 0.76695 0.74315 0.79857
VAR(1) : Nelson-Seigel + Macro 98 /78 0.84477 0.78274 0.79105 0.82212
VAR(1) : Svensson + Macro ~—0.98365——-0.85398 0.78465 0.77463 0.83342
VAR(1) : Nelson-Seigel + Macro* 69447 -1.89].51 1.93167 1.94687 1.96731
VAR(1) : Svensson + Macro* L = beReq Hrsghe 1.46938 1.35208 1.33641

;; — —B0-OR RS ahE A — ,,:r -

Maturities s A 1 3 . 10 15

Random Walk - 1.47160 1.33009 1.21754 1.08603 1.07297
AR(1) : Nelson-Seigel 0.89562 0.78534 0.82523 0.98531 1.06743
AR(1) : Svensson st 1.31021 1.43359 1.54576 1.70298 1.76201
AR(1) : Yield Level 2.43534 2.15472 2.04546 2.22635 2.50682
VAR(1) : Yield Level 2.36023 216969 2.11662 2.35093 2.64167
VAR(1) : Nelson-Seigel ONLY 0.93890 0.79623 0774392 0.77672 0.82148
VAR(1) : Svensson ONLY 0.93902 0.81423 0.75715 0.77548 0.84580
VAR(1) : Nelson-Seigel +'Macro 0:94727 0.82245 0.78342 0.82290 0.86528
VAR(1) : Svensson + Macro 0.94298 0.83285 0.78491 0.80814 0.87826
VAR(1) : Nelson-Seigel + Macro* 1079536 2.05340 2.12886 2.18471 2.22001
VAR(®) i"Svensson#Macro* 1472917 1,68302 1459670 1,52073 1.52189

Table'10 The‘comparison between‘our models to other competitors. (Cont.)
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APPENDIX B

g1 Loadings

0 0.6 B2 Loadings

T

Yield (Percent)

1992 1993 1994 6 1997 1998 99 2000 1
199 0:
19¢ 20 21
1999 2 001 2002

QRIAIAS U TRTIIE TR e

Figure 2 Yield curve, 1992:1-2008:12. The sample consists of monthly yield data
from January 1992 to December 2008 at maturities of 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11,
12, 13, 14, and 15 years.
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Figure 4 Svensson model level factor and empirical counterparts
(Traditional approach)
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Figure 5 Nelson-Siegel model slope factor and empirical counterparts

(Traditional approach)
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Figure 8 Svensson model first curvature factor and empirical counterparts
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Beta4 vs Proxy4 (Curvature): Correl =0.45
Beta4 vs M3 (Change of unemployment): Correl =0.29
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Code Name Type*
JQA036 National accounts/Households' income/Germany/ Net wages and salaries (residence concept) 1
UXDAO1 Germany / Orders received / Value / Working-day adjusted / Construction sector 1
UXA001 Germany / Orders received / Value / Working-day adjusted / Total 1
UXA742 Germany / Orders received / Value / Working-day adjusted / Total / Consumer goods 1
JQCO000 National accounts/Overall economic view/Price index/ GDP 1
JQBO058 National accounts/Origin of GDP/Chain-linked index/ Wholesale/retail trade, hotel and restauran 1
UXNAO1 Germany / Production / Working-day adjusted / Production sector / including construction 1
UXNAO5 Germany / Production / Working-day adjusted / Capital goods 1
DU7504 Pay rates, overall economy, on a monthly basis, Germany 1
DU7802 Basic pay rates, overall economy, excluding ancillary benefits, excluding one-off payments, on af 1
UUFAQ1 Germany / Consumer price index / Original data./ Total 2
UXHJ45 Retail turnover / Value / Total / Calendar adjusted 1
USCCO02 Unemployment rate (unemployment as a percentage oitthe civilian labour force) / Germany / Seq 4
USMBO01 Germany / Employees / Seasonally adjusted 4
US366C Germany / Turnover /'Value / Seasonally adjusted./ Abroad / industry 2
JBB000 Gross domestic preduct / chainrindex / Seasonally and working-day adjusted 3
JBAOOO Gross domestic produci/ at current prices / Seasonally and working-day adjusted 3
JAAL06 Government constmption®/ at.cusrent prices / Seasonally. adjusted 3
JAB106 Government consumption A€hain index./ Seasonally adjusted 3
JBB152 Machinery and equipment / chain index./ Seasonally and working-day adjusted 4
JAAQ034 Gross wages and salaries /;Seasonally adjuste! 3
JAA327 Saving ratio / Seasonally‘adjusted — 1
JAA001 Gross national income(GNP) /iat current prices/ Seasonally adjusted 3
JAAQ025 National income / Seasonally adjusted J 3
USA003 Germany / Orders received /Value / Seasonally, adjusted / Abroad / Total 2
USC743 Germany / Orders recgived /' VVolume / Seasonally adjusted / Domestic market / Consumer good 4
USA001 Germany / Orders received / Value'/ Seasonally‘adjusted / Total 4
USC742 Germany / Orders received / \olume/ Seasonally adjusted / Total / Consumer goods 4
USDAO01 Germany / Orders received / Value /' Seasonally adjusted / Construction sector 1
US19DA Western Germany / Orders received / \Volume / Seasonally adjusted / Non-residential constructig 1
USNI67 Germany / Production / Seasonatly adjusted / Consumer goods 4
USNAG1 Germany / Production / Seasonally adjusted / Construction sector / Total 1
XSC400 Exports / Indéx-ef unit values / Total / Seasonally adjusted 4
USFB76 Consumer price index / Total, excluding energy / Seasonally adjusted 2
USORB7 Eastern Germany-/\\Wages and salaries per employee / Seasonally-adjusted 2
JAB016 GDP per total hours worked / chain index / Seasonally adjusted 3
USHJ45 Retail turnover / Value / Total / Seasonally adjusted 1
USHK45 Retail turnover / Valume./ Total / Seasonally adjusted 1
USHJB80 Retail'turnover / Malue/*Retail'ofimotarn vehicles /1Seasonally-adjusted 1
US003A Germany / Turhover / Value / Seasonally adjusted / Tatal/ Capital goods 1
Us004B Germany;/ Turnover / Value / Seasonally adjusted / Domestic market / Durable goods 1
JAB938 Financial, real estate renting and business services / Seasonally adjusted 3
USBA14 Employment./ Germany./ Seasonally.adjusted 4
USCCO01 Unemployment AGermany / Seasonally adjusted 4
XS4204 German exports / Special trade Fvalues'/ Seasonally ‘adjusted 1
USCX01 Orders received / volume / manufacturing sector / Seasonally adjusted 1
JB5001 National accounts - domestic demand (price adjusted) / Seasonally and working-day adjusted 3
USZF01 Producer prices for industrial products (domestic sales) / Seasonally adjusted 2

* Data adjustment tpye

B~ w N

Adjust bysubtracting previous year data from current data
Adjust bysubtracting previous month data from current data
Adjust bysubtracting previous quarter data from current data
No adjustment

Figure 10 Adjustment of yield curve data




Nelson-Siegel Svensson

betal beta2 beta3 betal beta2 beta3 beta4
JQA036  National accounts/Households' income/Germany/ Net wages and salaries (residence concept) -0.448 0.741 0.109 -0.341 0.611 0.049 0.011
UXDAO1 Germany / Orders received / Value / Working-day adjusted / Construction sector 07218 0.483 0.136 0.284 0.504 -0.001 0.201
UXAO001 Germany / Orders received / Value / Working-day adjusted / Total -07155 -0.126 0.372 -0.084 -0.153 0.425 -0.246
UXA742  Germany / Orders received / Value / Working-day adjusted / Total / Consumer goods -0.118 -0.004 0.388 -0.005 -0.069 0.365 -0.107
JQC000 National accounts/Overall economic view/Price index/ GDP - 0.385 0.484 0.096 0.362 0.550 -0.123 0.417
JQB058  National accounts/Origin of GDP/Chain-linked index/ Wholesale/retail trade, hotel and restaurant services, tr  -0.380 0.162 0.353 -0.306 0.064 0.404 -0.272
UXNAO1 Germany / Production / Working-day adjusted / Production sector / including:eonstruction -0.183 -0.126 0.379 -0.078 -0.198 0.357 -0.291
UXNAO5 Germany / Production / Working-day adjusted / Capital goods -0.314 -0.172 0.234 -0.186 -0.310 0.412 -0.405
DU7504  Pay rates, overall economy, on a monthly basis, Germany 0.273 0.584 0.059 0.244 0.584 -0.155 0.414
DU7802  Basic pay rates, overall economy, excluding ancillary benefits, excluding ofe-off payments, ons/a monthly ba:  0.105 0.259 0.111 0.115 0.318 0.069 0.038
UUFAO1 Germany/ Consumer price index / Original data / Total li 0.130 0.172 0.019 0.152 0.229 -0.027 0.064
UXHJ45  Retail turnover / Value / Total / Calendar adjusted —0.096 0.189 -0.015 -0.076 0.124 -0.043 0.037
USCCO02 Unemployment rate (unemployment as a percentage of the civilian labour force) / Germany / Seasopally adju -~ -0.1 -0.644 -0.256 -0.222 -0.625 -0.056 -0.298
USMBO1 |Germany / Employees / Seasonally adjusted MFr F Fes ___ﬂ.l)‘bﬁ\ -0.153 0.045 0.809 -0.004 -0.189 0.514
US366C  Germany / Turnover / Value / Seasonally adjusted / Abroad / Industry -0.068 -0.149 0.068 -0.127 -0.126 0.113 -0.095
JBBO00  Gross domestic product / chain index / Seasonally and working-day adjusted v = .01 -0.092 0.210 -0.005 -0.091 0.233 -0.127
JBAOOO  Gross domestic product / at current prices / Seasonally and working-day adjusted: o IL 0.098 0.160 0.214 0.130 0.159 0.156 0.037
JAA106  Government consumption / at current prices / Seasonally adjusted ' J 0°053 0.168 0.163 0.068 0.164 0.060 0.133
JAB106  Government consumption / chain index / Seasonally adjusted 0.032 0.007 0.076 0.012 0.029 -0.002 0.123
JBB152  Machinery and equipment / chain index / Seasonally and working-day adjusted . " .0.833 0.341 0.138 -0.729 0.156 0.334 -0.530
JAA034  Gross wages and salaries / Seasonally adjusted 4 /) ~0.145 0.512 0.450 -0.069 0.471 0.382 -0.069
JAA327  Saving ratio / Seasonally adjusted » -0.120 0.026 0.255 -0.079 -0.018 0.277 -0.151
JAA001  Gross national income (GNP) / at current prices / Seasonally adjusted pe 0.064 0.128 0.143 0.117 0.099 0.133 -0.054
JAA025  National income / Seasonally adjusted — 10990 0.068 0.174 0.161 0.036 0.162 -0.061
USA003 Germany / Orders received / Value / Seasonally adjusted / Abroad / Total --0.026/ -0.120 0.042 -0.057 -0.069 0.056 -0.042
USC743 Germany / Orders received / Volume / Seasonally adjusted / Domestic market / Consume[ goods 0. SBBJ ¥ 0.396 0.179 0.603 0.501 -0.079 0.475
USA001 Germany / Orders received / Value / Seasonally adjusted / Total — IO | 0.082 0.153 -0.682 -0.081 0.364 -0.533
USC742 Germany / Orders received / Volume / Seasonally adjusted / Total / Consumer goods 3 +-0.169 0.583 0.396 -0.069 0.522 0.305 0.005
USDAO1 Germany / Orders received / Value / Seasonally adjusted / Construction sector e 02024 == 0.495 0.140 0.267 0.515 0.006 0.193
US19DA  Western Germany / Orders received / Volume / Seasonally adjusted /' Nen-residential constructlon -0.201 0.148 40.009 -0.072 0.063 0.088 -0.215
USNI67  Germany / Production / Seasonally adjusted / Consumer goods . B o237 BEEEEEA 0350 -0.157 0.771 0.277 -0.041
USNA61  Germany / Production / Seasonally adjusted / Construction sector / Total", 0.228 0:308w = 70.347 0.221 0.384 0.197 0.159
XSC400 Exports / Index of unit values / Total / Seasonally adjusted Ly 0.232 0.573 0.162 0.273 0.564 -0.046 0.365
USFB76 Consumer price index / Total, excluding energy / Seasonally adjusted 0.249 0.217 ©-0.038 0.256 0.293 -0.133 0.218
USORB7 Eastern Germany / Wages and salaries per employee / Seasonally adjusted 0.102 0.172 0.103 0.096 0.192 0.032 0.104
JAB016  GDP per total hours worked / chain index / Seasonally adjusted 0.121 -0.141 0.094 0.074 -0.106 0.082 0.018
USHJ45  Retail turnover / Value / Total / Seasonally adjusted ' -0.097 0.183 = 0.033 -0.067 0.111 0.006 0.014
USHK45 Retail turnover / Volume / Total / Seasonally adjusted -0.230 -0.105 -0.039 -0.206 -0.208 0.040 -0.166
USHJB80  Retail turnover / Value / Retail of motor vehicles / Seasonally adjusted 0.155 -0.304 -0.054 0.125 -0.301 -0.002 -0.055
USO003A  Germany / Turnover / Value / Seasonally adjusted / Total / Capital goods -0.281 -0:143 0.174 -0.156 -0.267 0.355 -0.465
US004B  Germany / Turnover / Value / Seasonally adjusted / Domesti¢ymarket / Durable goods 0.010 0.297 0.274 0.083 0.268 0.155 0.123
JAB938  Financial, real estate renting and business services / Seasonally adjusted -0.213 0.278 0.047 -0.248 0.290 0.073 -0.086
USBA14 Employment / Germany / Seasonally adjusted -0.732 0.338 0.164 -0.663 0.164 0.306 -0.416
USCCO01 Unemployment / Germany / Seasonally adjusted -0.379 -0.585 -0.242 -0.404 -0.606 -0.001 -0.395
XS4204  German exports / special trade / values / Seasonally adjusted 0.236 -0.025 0.049 0.227 -0.002 -0.021 0.183
USCXO01  Orders received / volume / manufacturing sector/ Seasonallyadjusted . . .. . . . .. -0172 0176 £.0.383 " | "-0.109 -0.194 0.431 -0.295
JB5001  National accounts - domestic demand (price ‘adjusted) / “Seasonally.and working=day adjusted 0.682 0.327 0.168 ‘g 7 0654 0.455 -0.100 0.518
USZF01  Producer prices for industrial products (domestic sales) /. Seasonally adjusted 0.025 0.113 0.182 & -0.020 0.162 0.147 -0.007

Figure 11 Correlation between latent factors and macroeconomic indicators
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Figure 13 Nelson-Siegel model slope factor and empirical counterparts
(Correlation-based approach)
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Figure 15 Svensson model level factor and empirical counterparts

(Correlation-based approach)
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Betad vs Proxy4 (Curvature): Correl =0.45
Beta4 vs M3 (Order received in manufacturing): Correl =-0.30
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Standard errors in () & t-statistics in []

B1 B2 B3 M1 M2 M3
B1(-1) 1.023371 -0.160559 -0.043672 0.146206 -0.222719 0.015438
(0.04103) (0.06132) (0.12808) (0.05227) (0.20237) (0.01767)
[ 24.9394] [-2.61833] [-0.34099] [ 2.79690] [-1.10058] [0.87381]
B2(-1) 0.019973 0.86314 -0.149067 0.061407 0.25578 -0.000898
(0.02964) . 51) (0.03776) (0.14617) (0.01276)
[ 0.67384] [ 1.62628] [ 1.74983] [0.07034]

B3(-1) -0.007828 -0.025159 0.175392 -0.020381
(0.01394) . 0.01775) (0.06873) (0.00600)

[-0.56174] : -1.41717] [ 2.55203] [-3.39678]

M1(-1) -0.030845 ; 4| . 0.13445 0.025466
)1960) (0.18897) (0.01650)

9 [0.71148] [ 1.54358]

M2(-1) 0.563356 -0.006692
(0.07633) (0.00666)

[ 7.38100] [1.00427]

M3(-1) 1.317014 0.046526
(1.03190) (0.09009)

[-0.63379] [ 1.27630] [ 0.51645]

c -1.296598 -4.835685 44.8137 0.475961
(1.56097) . (1.98854) (7.69813) (0.67207)

[-0.83064] [-2.43177] [5.82137] [0.70821]

neter estimated:

Figure 19.N\ __.__....__.....__.._._______ a
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Standard errors in () & t-statistics in [ ]

49

BB1 BB2 BB4 M1 M2 M3
BB1(-1) 0.88641 0.007451 0.550136 0.142351 -0.220151 0.015152
(0.07637)  (0.09986) (0.23396)  (0.05559)  (0.21533)  (0.01885)
[11.6070]  [0.07461] [2.35144] [256089]  [-1.02238]  [0.80385]
BB2(-1) -0.035035 06358 0.060712 0.257308 -0.001612
(0.05247) 73)  (0.03819)  (0.14794)  (0.01295)
[-0.66775] ] [158978]  [1.73929]  [-0.12448]
BB3(-1) 0.01631 -0.098989"  -0.024487 0.172483 -0.020072
(0.02527) (0.01839)  (0.07124)  (0.00624)
[ 0.64555] [1.33154]  [242120] [-3.21878]
BB4(-1) 0.075769 0.014351 -0.08499 -0.003965
(0.02450) (0.06907)  (0.00605)
[-1.23045]  [-0.65574]
M1(-1) 0.145639 0.025707
(0.19250)  (0.01685)
[-0.27137] [0.75659] [ 1.52564]
M2(-1) 0.033113 0.045707 0.559005 -0.006374
(0.02731) (0.01988)  (0.07701)  (0.00674)
[1.21238] [2.29918]  [7.25874]  [-0.94559]

o ae T

M3(-1) -0.093569 0.01890?;6;,2_ 3: 0.254734 1.286991 0.054052
(0.36638)  (0.47907) (0.26667)  (1.03304)  (0.09043)
[-0.25539]  [0.03946] [1.24582]  [0.59775]
C 45,19468 0.445975
(7.76575)  (0.67976)
[5.81974]  [0.65607]

Figure 20 Syensson yield macro model parameter estimated:
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Standard errors in () & t-statistics in [ ]

B1 B2 B3 M1 M2 M3
B1(-1) 0.869933 0.043958  -0.007338 0.005257 0.396932  -0.571492
(0.04568)  (0.07113)  (0.14608)  (1.84878)  (0.23211)  (0.49322)
[19.0426] ~ [0.61803]  [-0.05023] ~ [0.00284]  [1.71007]  [-1.15869]
B2(-1) -0.045897 0.9817 0.534177 0.553861 -0.41804
(0.02460) ( (0.12501)  (0.26563)
[-1.86548] , [4.43063]  [-1.57377]
d
B3(-1) 0.094284 0.146941
(0.07081)  (0.15047)
[1.33149]  [0.97656]
M1(-1) -0.002309 0.002506
(0.00126)  (0.00269)
[-1.82681]  [0.93293]
M2(-1) 0.471585 0.080363
(0.08267)  (0.17567)
[5.70433]  [0.45747]
M3(-1) 0.043459 0.85427
(0.02274)  (0.04833)
[-0.28983]  [1.91076]  [17.6760]
g -
C -3.288077 ) -103.4122 5316921  -7.537836
(1.63466) (66.15350)  (8.30560)  (17.64870)
-2.01147] ~[©.33 [-1:683: [-1.56322]  [6.40161]  [-0.42710]
Figure 21.N afameter estimated:

orelation based approach
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Standard errors in () & t-statistics in [ ]

o1

BB1 BB2 BB3 BB4 M1 M2 M3
BB1(-1) 0626123 0006601  0.407463 1261043  -1.329993 030218  -0.873395
(0.07716)  (0.17503) . (0.58369) / 4 (5.75776)  (1.70039)  (0.23369)  (0.48560)
[8.11493]  [0.03771]  [0.76348] 4 [£19016] [-0.78217]  [1.29309]  [-1.79860]
BB2(-1) 0005649 0900798 -0.34662 ©-0853543  -0.506546  0.489025  -0.293747
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