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Abstract

In this paper I examine whether regional and/or global yield factors exist, what their dynamics
and interactions are, and how they perform in forecasting the country yield factors and curves. For
this purpose I extend the single-country dynamized Nelson-Siegel model to a multi-country context;
regionally and globally. I use monthly government bond yield data for different maturities of coun-
tries in the regions America, Europe and Asia/Pacific. I find important regional and global yield
factors, where the regional factor is more important than the global factor for at least 67% of the
countries. This is also confirmed by an analysis of the prediction performance, where the regional

factor outperforms the global factor.
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1 Introduction

An important concept in the bond market is the yield curve. This curve shows the relationship between
the yield or interest rate and the time to maturity (‘term’) of a certain bond in a specific currency. The
shape of the yield curve can give useful information about the expected economic activity and inflation.
Therefore the yield curve is of great interest both to economists and academics, but the curve is also
closely watched by traders and several financial institutions, because their decisions are partly based on
the yield curve. Due to the fact that the yield curve is important for so many people, it is interesting to
understand which latent factors are driving this yield curve and how they vary over time. This will be the
main goal of my research, in particular whether regional and/or global yield factors exist, how they vary
over time and how they interact with each other. Furthermore, I evaluate the prediction performance of
the regional and global yield factors to see whether one outperforms the other.

In the past much literature is published about this topic, such as Diebold & Li (2006) in which the
authors propose a dynamized version of the Nelson-Siegel model to model the yield curve, and in which
they interpret the latent time-varying yield factors as level, slope and curvature. Furthermore, they
propose and estimate autoregressive models for the factors to produce term-structure forecasts at both
short and long horizons.

However, most of the literature, including Diebold & Li (2006), only focus on the yield curve of a
single country and relate domestic yields to domestic yield factors, while nowadays the global yield curve
becomes more important due to a more integrated global bond market. Therefore, the importance of
domestic yield factors will gradually diminish and it is interesting to examine whether common global
or regional yield factors exist, how they vary over time and what the implications are for cross-country
yield curve interactions. In the literature of Diebold et al. (2008) the authors already address these
research issues by modeling a large set of country yield curves, in which country yields may depend on
country factors, and country factors may depend on global factors. They also do an empirical analysis by
estimating the dynamic factor model and extract the global yield curve factors using government bond
yields for the US, Japan, Germany and the UK over the sample period 1985 until 2005. The authors
show that the global yield factors explain significant fractions of country yield curve dynamics.

However, an important shortcoming in the research of Diebold et al. (2008) is that their results for the
global yield curve are based on four countries. The global bond market consists of many countries and
their results can easily change by including more countries. In particular the addition of less developed
countries, because in general the authors examine four developed countries. Moreover, it should be better
to do an intermediate step by first looking to the presence of regional yield factors instead of global factors.
In this way I expect to obtain richer dynamic cross-country bond yield interactions in a specific region.
Subsequently, it is possible to examine to what extent regional factors depend on global factors.

In my research I am going to address this shortcoming in the literature of Diebold et al. (2008). Firstly,
I replicate a part of the work of Diebold et al. (2008). Secondly, I extend their work by including regional
yield factors, in which case country factors may depend on regional factors. This is a more appropriate

and structured way to analyze the yield curve. I do not only examine the presence of common regional



yield factors and their dynamics, I also use more countries in my research to obtain more reliable results.
Furthermore, I investigate the prediction performance between the regional and global yield factors to
see which factor is preferred in general.

In order to pursue the goal of my research as well as possible, I formulate the central research question

as follows:

“Do regional and/or global yield factors exist, what are their dynamics and interactions, and how do

they perform in forecasting the country yield factors and curves?”

In order to answer the research question I will use several techniques and methods which are already
developed and applied in previous literature, such as Diebold & Li (2006) and Diebold et al. (2008).
For example, I will apply the Nelson-Siegel model to model a set of country yield curves in a framework
that takes regional, global and country yield factors into account. Besides, I use three metrics, namely
the mean squared error, mean absolute error and the mean correct prediction to evaluate the prediction
performance.

In the literature of Sopov & Seidler (2011) the authors already apply Diebold et al. (2008) to a regional
context, but they only consider the Central European region, in particular the currencies’ yield curves of
Czech Republic, Hungary, Poland and Slovakia. They conclude that the yield curve of Czech Republic
possesses its own dynamics corresponding to country yield factors, whereas the yield curves of the other
countries are strongly influenced by the regional yield factors.

However, the findings of Sopov & Seidler (2011) are not appropriate for use in a follow-up situation
in which research can be done to what extent regional yield factors may depend on global yield factors.
Therefore, I consider multiple regions in my research where I define regions as continents, such as America,
Europe and Asia/Pacific. T apply the methodology to these regions separately to examine the presence
of regional common factors. For this purpose I use monthly government bond yield data for different
maturities of countries which are part of these regions, namely the US, Canada, Brazil, the UK, Germany,
France, Japan, Singapore and Hong Kong. Subsequently, as a topic for further research my findings can
be used to investigate the relationship between regional yield factors and global yield factors.

One of my main results is that important regional and global yield factors exist, especially Europe and
Asia/Pacific exhibit strong and dominant regional yield factors. For Europe this is due to the existence of
the Eurozone and the European Union (EU). For Asia/Pacific the country yield factors are also positively
correlated with the regional yield factor, which indicates the similarity of Asian countries in terms of
inflation and real economic activity. Besides, for the region America there are big differences between
developed countries, such as the US and Canada, and less developed countries, such as Brazil. Due to
fundamental economic and political problems, such as high governments debts and high inflation rates,
Brazil performs the worst in comparison with the other countries which results in high yields. Finally,
the analysis of the prediction performance between the regional and global yield factors in forecasting the
country’s yield curve shows that the regional factor outperforms the global factor for at least 56% of the

countries. In forecasting the country yield factors this is even the case for at least 67% of the countries.



As already mentioned, the literature of Diebold et al. (2008) only considers global yield factors. The
authors do not take regional yield factors into account and they do not conduct an analysis of the
prediction performance. Therefore, my research contributes in an important way. Next to the global
yield factors it shows the existence of strong and dominant regional yield factors, which have a relatively
large impact on the country yield factors. Moreover, for at least 67% of the countries the regional yield
factor is more important than the global yield factor. Furthermore, the regional yield factor performs
better than the global yield factor in forecasting the country’s yield curve for at least 56% of the countries
and in forecasting the country yield factors for at least 67% of the countries.

In the following section I will describe the data in more detail and provide some descriptive statistics.
In the third section I will explain the econometric methods and techniques in much more detail which I
am going to use to investigate the research problem. Subsequently, the fourth section reports my results
and I explain and discuss my main findings. Finally, in the fifth section I draw my conclusions to give
answer on my research question and I discuss some limitations of my research and provide some topics

for further research.

2 Data

For my research I source Thomson-Reuters data from the financial database Datastream. Specifically,
I use monthly zero-coupon government bond yields over the sample period January 2006 until May 2018
which results in 149 observations per series. For all bond yields I consider seventeen monthly maturities
T for 7 = 3, 6,9, 12, 15, 18, 21, 24, 30, 36, 48, 60, 72, 84, 96, 108, 120. However, the yield data is only
available for a couple of maturities, so I obtain the yield data of the remaining maturities by using cubic
spline interpolation which is also used in the literature of Brennan & Xia (2006). Furthermore, due to
the fact that I examine regional yield factors, I consider three regions in my research, namely America,
Europe and Asia/Pacific. For this purpose I use bond yield data of three countries per region, so in
total nine countries, namely Brazil, Canada, the US, France, Germany, the UK, Hong Kong, Japan and
Singapore. Table 1 shows the descriptive statistics for the bond yields for representative maturities of all
countries, which are part of the regions America, Europe and Asia/Pacific.

In general, I see that the yield curves for all countries are upward sloping and the yields behave
less volatile when maturity increases. Furthermore, the autocorrelations show that the yields are very
persistent over time. This means that the yield data structure remains roughly unchanged over time,
which T also see from a small variation relative to the mean.

Besides, I see that the yields for Brazil are the highest in comparison with the yields of the other
countries. This big difference between Brazil and the other countries in my research may have impact on
the results of the global yield factor, so by taking regional yield factors into account I can examine the
difference in impact. Literature of Favero & Giavazzi (2002) and Balliester Reis (2018) argue that Brazil

suffers from big fundamental economic and political problems'.

I This is also emphasized by a Bloomberg article: https://www.bloomberg.com/gadfly /articles/2016-02-25/does-anyone-

love-brazil-anymore-yes-bond-buyers



Table 1:

Descriptive statistics government bond yields

Maturity (months) Mean St. dev. Min. Max. p(1) p(6) p(12)
Panel A: Region America

Brazil

3 11.50 1.95 6.19 14.18 0.95 0.54 0.02
12 11.36 2.42 6.30 16.33 0.95 0.57 0.09
60 11.26 2.59 5.09 17.21 0.93 0.61 0.19
120 12.22 1.72 9.18 17.33 0.89 0.44 -0.01
Canada

3 1.41 1.31 0.16 4.55 0.98 0.86 0.62
12 1.60 1.31 0.41 4.75 0.98 0.84 0.63
60 2.14 1.13 0.57 4.58 0.97 0.82 0.69
120 2.67 1.01 1.01 4.60 0.98 0.84 0.71
Us

3 1.06 1.67 -0.01 5.10 0.98 0.84 0.60
12 1.26 1.65 0.09 5.26 0.98 0.84 0.63
60 2.17 1.23 0.59 5.11 0.97 0.78 0.64
120 2.92 1.01 1.46 5.15 0.96 0.75 0.62
Panel B: Region Europe

France

3 0.88 1.58 -0.85 4.33 0.99 0.87 0.69
12 1.02 1.63 -0.72 4.64 0.99 0.87 0.71
60 1.73 1.54 -0.43 4.76 0.98 0.89 0.79
120 2.51 1.36 0.13 4.79 0.98 0.89 0.80
Germany

3 0.81 1.62 -0.98 4.33 0.99 0.88 0.70
12 0.96 1.67 -0.86 4.66 0.99 0.87 0.71
60 1.48 1.60 -0.56 4.64 0.99 0.88 0.78
120 2.13 1.44 -0.13 4.61 0.98 0.89 0.80
UK

3 1.55 1.99 0.15 5.95 0.99 0.86 0.68
12 1.49 1.92 0.06 5.93 0.99 0.85 0.69
60 2.22 1.57 0.21 5.66 0.98 0.86 0.74
120 2.88 1.31 0.67 5.44 0.98 0.85 0.73
Panel C: Region Asia/Pacific

Hong Kong

3 0.82 1.26 -0.38 4.08 0.95 0.76 0.55
12 0.99 1.32 0.07 4.47 0.96 0.78 0.60
60 1.81 1.16 0.27 4.67 0.96 0.75 0.64
120 2.33 1.07 0.64 4.99 0.96 0.70 0.56
Japan

3 0.12 0.24 -0.38 0.67 0.97 0.84 0.64
12 0.17 0.29 -0.32 0.83 0.98 0.86 0.71
60 0.44 0.49 -0.35 1.53 0.98 0.85 0.75
120 0.89 0.60 -0.25 1.97 0.98 0.87 0.77
Singapore

3 0.93 0.87 0.19 3.37 0.97 0.79 0.56
12 1.01 0.87 0.20 3.25 0.97 0.80 0.58
60 1.58 0.78 0.31 3.40 0.96 0.76 0.60
120 2.38 0.54 1.30 3.62 0.91 0.50 0.37

Note: The table shows the descriptive statistics for monthly government bond yields for representative maturities of all

countries, which are part of the regions America (Panel A), Europe (Panel B) and Asia/Pacific (Panel C), over the sample

period 2006.01 - 2018.05. p(7) represents the sample autocorrelation at lag 7.



Brazil faces high government debts and the interest payments are a big burden on the government’s
budget. Moreover, Brazil experienced several economic recessions and the country belongs to the countries
with the highest inflation rate worldwide. All these problems and risks are incorporated in the Brazilian
yields which explain the high values.

For Japan the yields are the lowest in comparison with the yields of the other countries. Literature
of Akram & Das (2013) argue that the Japanese yields are low due to the fact that Japan has monetary
sovereignty and the inflation rates are low over time.

For the region America the yields of Canada and the US are relatively similar, also in terms of
volatility. As already noted, there is a big difference between Brazil and countries, such as Canada and
the US, due to the high yields for Brazil. In general, Canada and the US are more developed than Brazil.

The yields of the European countries are also comparatively similar, this holds in particular for France
and Germany. The UK has in comparison with France and Germany higher yields for all maturities. This
small difference can be explained due to the fact that the UK is not part of the Eurozone and has its own
monetary policy.

For the region Asia/Pacific the yields of Hong Kong and Singapore are relatively similar, although the
yields of Singapore behave less volatile. They are also comparable with the yields of France and Germany.
As already noted, there is a clear difference between the yields of Japan and those for Hong Kong and
Singapore, because of the unique characteristics of the Japanese monetary policy. The Japanese yields

are the lowest and they behave the least volatile in comparison with other countries.

3 Methodology

3.1 Modeling and estimating the regional and global yield curves

In the beginning of my research I consider the single-country context which is a framework that models
the yield curve of each country ¢ at time ¢ and only allows for country-specific yield factors. For this
purpose I use the dynamized version of the Nelson-Siegel model as empathized by Diebold & Li (2006)

which is defined as:

1— — it T 1— — it T
Yit(T) = Lit + st (;;ﬂ) + cit <;M - GA“T> + vt (7), (1)

where y;:(7) is the continuously-compounded zero-coupon nominal yield on a 7-month government bond,
l;¢ is the level factor, s;; is the slope factor, ¢;; is the curvature factor and v;:(7) is a disturbance term
with standard deviation o;(7) for country ¢ = 1,..., N at time ¢t = 1,...,T. I estimate the parameters
Lit, Sit, ¢t and \;; via non-linear least squares (NLS) regressions for each country and month separately,
where the parameters \;; are optimized in such a way that they determine the maturity at which loadings
on the curvature reach their maximum.

Firstly, to obtain the results of the global yield factors I replicate the work of Diebold et al. (2008),

in which the global yield model is defined as:
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where Y;(7) are unobservable global yields, and L;, Sy and C; are global yield factors at time ¢t = 1,...,T.
Next to the replication part of my research, I also consider for my extension the multi-country context
which is a framework that models the yield curve of each region j at time ¢ and allows for regional yield

factors. Building on the methodology of Diebold et al. (2008) I define the regional yield model as:

1— —AT 1— —AT
Yje(T) = Ljt + S <;> +Cj (/\eT - 6AT>7 (3)

where Yj;(7) are unobservable regional yields, and Lj;, Sj; and Cj; are regional yield factors for region
j=1,....,M at time t =1,...,T. The dataset in my research only consists of country yields, so I need
to compute the global and regional yields. By applying principal component analyses I extract the global
and regional yield factors. Subsequently, by substituting these values in Eq. (2) and (3) I compute the

global and regional yields, respectively.

To formulate the way in which the country factors depend on the regional factors, I need to take into
account that not all countries ¢ = 1,..., N are part of a specific region j where j = 1,..., M. So building

on the methodology of Diebold et al. (2008), Vi € j I define the relationship as:

lip = ol + BiLji + €, (4a)
sit = + B Sjt + € (4b)
cip = o + B7Cj + €5y, (4c)

where {al, a,af} are constants, {3, 35, 3¢} are loadings on regional factors and {el,, €5,, €5, } are country
idiosyncratic factors. I assume that F [el}] = 0 and the innovations to regional factors have standard
deviation equal to 1, so o™ = 1, for n =, s, c. For the global context, I also use Eq. (4a) - (4c), but the
only difference is that the regional factors are replaced by the global factors.

As an extension I also examine the impact on the country yield factors by including the global yield
factor next to the regional yield factor in Eq. (4a) - (4c). In this way I compare the impact of the regional
and global yield factor on the country yield factors. So building on the methodology of Diebold et al.
(2008), Vi € j I define this combined yield factor model as:

lip = o + BL;Lje + By Ly + €, (5a)
sit = + B1;Sjt + B3; St + € (5b)
cit = of + B1;Cj¢ + B5,Ce + €y, (5¢)

where in addition to the explanation of Eq. (4a) - (4c), {B;, 85;, 8S;} are loadings on the global factors.

To model the dynamics, I specify the regional yield factors in the following way:



L $11 P12 P13 Ljt 1 Ul,
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where U7, are disturbance terms with E [U}’;Uﬁ;,} = (0”)2 ift=¢andn =n' forn =1,s,¢, and 0
otherwise. For the global context, I also use Eq. (6), but the only difference is that the regional yield
factors are replaced by the global yield factors.

Besides, I specify the country idiosyncratic factors in the following way:

€ Gin1 iz bias ) (€ ul
€3t i1 Pioe  Gi23 € | T ui | (7)
€t biz1 Piz2 Piss) \€ i1 ué,

n

. . / 2 .0 .
where ]} are disturbance terms with £ {uﬁtuﬁt/} = (oM ifi=¢,t=t'andn=n'forn=1,s,¢,and 0

’

otherwise. Furthermore, E {Uj”tun/ ] =0and E {Ut"u”

Ties i)tfs} =0, for all n,n’,14,s.

To examine the presence of an underlying common factor in the country yield curves of a specific
region, I apply principal component analysis (PCA) on the estimated country level, slope and curvature
factors. I also do this in a global context. Subsequently, I use the PCA results to extract the regional
and global yield factors. For simplicity and to replicate the research of Diebold et al. (2008) as well as

possible, T assume the dynamic matrices in (6) and (7) to be diagonal. Finally, I obtain the estimates of

Eq. (2) - (7) by using ordinary least squares (OLS).

3.2 Prediction performance of the regional and global yield factors

Next to the impact of the regional and global yield factors on the country yield factors, I also investigate
the prediction performance between the regional and global yield factor. I use separate equations in
forecasting the country yield factors, namely Eq. (4a) - (4c¢) for the regional yield factor and for the
global context I replace the regional yield factor by the global yield factor in these equations. Besides, I
evaluate the prediction performance of the regional and global yield factor in forecasting the yield curve
of each country. For this purpose I substitute the predicted country yield factors from Eq. (4a) - (4c)
in Eq. (1) to compute the predicted country’s yield curve. To evaluate the prediction performance I use
three metrics, namely the mean squared error (MSE), mean absolute error (MAE) and the mean correct
prediction (MCP).

As stated in Heij et al. (2004), the mean squared error (MSE) is defined as:

N
_ 1 5 \2
MSE = N;(yz_yz) , (8)

which is the average squared deviations of the observed values (y;) and the predicted values (§;), where
N denotes the number of observations in the prediction sample.
Another metric that I use in my research is the mean absolute error (MAE). An advantage of the

MAE is that it is more robust to outliers than the MSE, because it makes use of absolute deviations



instead of squared deviations. As shown in Heij et al. (2004), the mean absolute error (MAE) is defined

as:

N
1
MAE = — ) 9
N;:lly ¥l (9)

which is the average absolute deviations of the observed values (y;) and the predicted values (g;), where
N denotes the number of observations in the prediction sample. The model with the lowest MSE and
MAE value is preferred.

Finally, the last metric that I use is the mean correct prediction (MCP). The MCP counts the number
of times when the sign of changes is correctly predicted, divided by the number of observations in the
prediction sample. An advantage of the MCP is that it evaluates the directional movement of a variable
of interest, while the MSE and MAE consider quantitative errors. Based on the work of Chalamandaris

& Tsekrekos (2010), the mean correct prediction (MCP) is defined as:

N

1
MCP = N Z 1sign(yi—yi—1)i:sign(?§7:—?371—1)’ (10)
=1

where 1 is the indicator function when the sign of change of the observed values (y;) is equal to the sign of
change of the predicted values (¢;), and N denotes the number of observations in the prediction sample.

The model with the highest MCP value is preferred.

4 Results

4.1 Modeling and estimating the regional and global yield curves

As a first step in the process to obtain the estimates of the regional and global yield factors, I estimate
the level (I;;), slope (3;¢) and curvature (¢;;) factors, i = 1,...,N and t = 1,...,T, in Eq. (1) for each
country separately by using non-linear least squares (NLS). Table 2 shows the descriptive statistics for
estimated country level (I;;), slope (§;;) and curvature (é;) factors of all countries, which are part of the
regions America, Europe and Asia/Pacific.

Not only for the region America, but also globally, I see that the mean level factor is greatest for
Brazil. Furthermore, the mean slope and curvature factor for Brazil have a positive sign while these
factors for all other countries have a negative sign. As already noted in Section 2, it is clear that Brazil
faces some serious fundamental economic and political problems. In general, due to these problems bond
investors consider Brazilian government bonds as a risky investment and they are pessimistic about the
Brazilian growth expectations which is reflected in the means of the Brazilian yield factors.

For the region Europe I see that the mean level and curvature factors of the countries are comparatively
equal to each other. Both regionally and globally the mean absolute slope factor is greatest for France
and Singapore, which reflects the relatively optimistic average growth expectations for those countries.

Finally, I see that the mean level factor is relatively low for Japan and Hong Kong in a global context,
where it is lowest for Japan both regionally and globally. In general, the autocorrelations show that the

yield factors of all countries are persistent over time.



Table 2: Descriptive statistics estimated country level, slope and curvature factors

Country factor Mean St. dev. Min. Max. (1) p(6) p(12)
Panel A: Region America

Brazil

lit 10.79 4.08 0.002 17.21 0.78 0.48 0.045
Sit 1.11 4.19 -6.06 15.73 0.71 0.46 0.12
éit 0.71 18.24 -49.00 68.98 0.61 0.40 0.071
Canada

It 4.06 0.84 1.87 6.06 0.65 0.39 0.11
84t -2.67 1.26 -5.28 0.11 0.82 0.62 0.36
éit -2.06 1.77 -6.99 2.61 0.69 0.29 0.14
UsS

lit 4.52 1.23 1.76 7.15 0.89 0.76 0.63
St -3.42 1.79 -6.78 0.22 0.94 0.78 0.58
éit -3.19 2.67 -7.27 4.37 0.82 0.59 0.53

Panel B: Region Europe

France

Ist 4.90 1.09 2.31 7.98 0.71 0.18 0.16
i -4.03 1.97 -7.95 -0.37 0.90 0.69 0.57
&t -3.93 2.49 -8.42 3.10 0.88 0.63 0.53
Germany

Tt 4.29 1.10 1.41 7.28 0.84 0.36 0.27
B4t -3.49 1.77 -7.21 0.03 0.93 0.71 0.57
&t -3.42 2.50 -8.57 3.51 0.88 0.54 0.44
UK

It 4.02 1.14 1.35 6.18 0.89 0.68 0.61
Sir -2.32 1.97 -5.74 1.77 0.94 0.78 0.61
it -3.77 2.69 -9.02 5.33 0.88 0.64 0.52

Panel C: Region Asia/Pacific

Hong Kong

Tst 3.20 1.11 0.003 5.32 0.86 0.54 0.43
Sit -2.34 1.14 -4.59 0.54 0.82 0.55 0.41
Cit -2.35 2.11 -5.82 5.35 0.73 0.55 0.42
Japan

It 2.85 1.50 0.09 5.82 0.96 0.86 0.73
Sit -2.72 1.41 -5.66 -0.23 0.95 0.85 0.72
Cit -2.66 1.99 -6.38 2.83 0.94 0.74 0.62
Singapore

It 5.06 2.05 2.24 11.22 0.79 0.47 0.40
Sit -4.01 2.57 -10.77 -0.04 0.86 0.61 0.52
Cit -5.04 3.15 -13.18 0.004 0.87 0.65 0.51

Note: The table shows the descriptive statistics for estimated country level (I;;), slope (3;:) and curvature (&;) factors of
all countries, which are part of the regions America (Panel A), Europe (Panel B) and Asia/Pacific (Panel C), over the
sample period 2006.01 - 2018.05. j(7) represents the sample autocorrelation at lag 7.



As a next step I apply principal component analysis (PCA) on the estimated country level, slope
and curvature factors of countries for each region separately and of all countries together to examine the
existence of regional and global yield factors. Table 3 shows the results of these four principal component
analyses.

The first principal component for level factors explains 49% of level variation on a global base, 53%
for the region America, 70% for Asia/Pacific and 71% for Europe. I interpret this as the existence of
one dominant level factor for the regions Asia/Pacific and Europe, and one important level factor for the
region America and on a global base. However, in the paper of Diebold et al. (2008) the authors find the
existence of one dominant global level factor which explains 91% of level variation. In comparison with
my results it seems that if I examine more countries on a global base, the importance of the global level
factor decreases. Another reason can be the choice of the sample period, because I use more recent years
in my research.

For the slope factors the first principal component explains 56% of slope variation for the region
America, 59% on a global base, 81% for Asia/Pacific and 89% for Europe. I interpret this as the
existence of one dominant regional and global slope factor, in particular the regional slope factor for
Asia/Pacific and Europe is very important. In comparison with the results of Diebold et al. (2008) the
importance of the global slope factor has increased in my research. The authors find in their paper that
the first principal component for slope factors explains 50% of slope variation, while it explains 59% in
my research.

Finally, the first principal component for curvature factors explains 45% of curvature variation for the
region America, 53% on a global base, 80% for Europe and 82% for Asia/Pacific. For the region America
and on a global base I interpret the PCA results as the existence of one important curvature factor and
for Europe and Asia/Pacific one dominant curvature factor.

In general, I see that the regions Europe and Asia/Pacific exhibit strong and dominant regional yield
factors. For Europe this can be explained by the presence of the Eurozone and the European Union
(EU). For example, France and Germany are part of the Eurozone and therefore share the same currency
and are under supervision of one central bank, namely the European Central Bank (ECB). Furthermore,
the European Union has created an internal single market and develops policies and laws which apply in
all EU countries, including France, Germany and the UK which are part of my research. For the region
Asia/Pacific I only consider Japan, Hong Kong and Singapore in my research which are all developed
countries and where much wealth is concentrated. This can be a reason why those countries share im-
portant common factors. For example, for the region America I consider Brazil which suffers from severe
fundamental problems and is a less developed country than Canada and the US. This difference can be

an explanation why the regional yield factors for America are less important than those for Europe and

Asia/Pacific.
To extract the regional and global yield factors I use the results of the principal component analyses.

In Appendix A Fig. 1, 2 and 3 show how the extracted regional and global factors behave over time for

the level, slope and curvature, respectively.
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For the extracted regional and global level factors I see a pattern of commonality in the dynamics. In
particular the European and Asian level factor behave relatively similar. However, the American level
factor is comparatively divorced from the other level factors which reflects the unique situation of Brazil.
In general, I see that the regional and global level factors reach their highest values between 2010 and
the end of 2013, except for America which attains its maximum values around 2007. From the end of
2013 onwards the level factors decline with short peaks in the meantime, except for the American level
factor which already declines from the end of 2010 onwards.

For the extracted regional and global slope factors there is also a clear pattern of commonality over
time. In general, from 2008 onwards the slope factors decline with the lowest values between 2010 and
2014, so when the level factors reach their maximum values, the slope factors attain their minimum
values. Afterwards the slope factors show an increasing trend.

Finally, the extracted regional and global curvature factors also behave relatively similar over time.
Just as the level factor, the American curvature factor behaves uniquely during certain periods, especially
at the beginning of the sample period there is a large deviation in comparison with the other curvature

factors. Like the slope factors, the curvature factors are negative during most of the time.

Table 3: PCA for estimated country level, slope and curvature factors

Level factors ({;) Slope factors (8;¢) Curvature factors (&)

PC1 PC 2 PC 3 PC1 PC 2 PC 3 PC1 PC 2 PC3

Panel A: Region America

St. dev. 1.26 0.94 0.72 1.30 1.02 0.53 1.16 0.94 0.88
Variance prop. 0.53 0.30 0.17 0.56 0.34 0.10 0.45 0.29 0.26
Cumulative prop. 0.53 0.83 1.00 0.56 0.90 1.00 0.45 0.74 1.00

Panel B: Region Europe

St. dev. 1.46 0.84 0.41 1.63 0.53 0.25 1.55 0.71 0.31
Variance prop. 0.71 0.24 0.05 0.89 0.09 0.02 0.80 0.17 0.03
Cumulative prop. 0.71 0.95 1.00 0.89 0.98 1.00 0.80 0.97 1.00

Panel C: Region Asia/Pacific

St. dev. 1.45 0.79 0.53 1.56 0.58 0.49 1.57 0.57 0.45
Variance prop. 0.70 0.21 0.09 0.81 0.11 0.08 0.82 0.11 0.07
Cumulative prop. 0.70 0.91 1.00 0.81 0.92 1.00 0.82 0.93 1.00

Panel D: Global

St. dev. 2.11 1.29 0.93 2.30 1.17 1.07 2.18 1.34 0.94
Variance prop. 0.49 0.18 0.10 0.59 0.15 0.13 0.53 0.20 0.10
Cumulative prop. 0.49 0.67 0.77 0.59 0.74 0.87 0.53 0.73 0.83

Note: The table shows the results of the principal component analysis (PCA) for estimated country
level (I31), slope (8;;) and curvature (é;;) factors of the countries in the regions America (Panel A),
Europe (Panel B), Asia/Pacific (Panel C) and all together (global setting; Panel D), over the sample
period 2006.01 - 2018.05. For the global setting only PC 1 until PC 3 are reported, because the other

PC’s explain 9% or less of total variance and are therefore irrelevant to mention.
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Using the extracted regional and global yield factors, I estimate Eq. (2) - (7) by using OLS. For
each region Table 4 shows the parameter estimates of the regional yield curve model. Table 5 shows the
parameter estimates of the global yield curve model.

For the country level factors I see that for the region Europe and Asia/Pacific they all load positively
on the regional level factor. In general, the regional level factor loadings are estimated with high precision.
Furthermore, the results for Europe and Asia/Pacific are highly serially correlated. As already mentioned,
the regional European level factor is very important. For example, if the European level factor increases
with one unit the German level factor increases on average with a value of 0.64. An already mentioned
explanation may be the existence of the European Union and the Eurozone. In comparison with France
and Germany the level loading of the UK on the European level factor is smaller and the UK-specific
level factor is more persistent, which means that the European level factor is less important for the UK
than for France and Germany. As explained in the literature of Diebold et al. (2008) and Sopov & Seidler
(2011) a main determinant of the level factor is inflation. Due to the fact that the UK is not part of
the Eurozone, it does not have the same central bank as France and Germany. Therefore, the UK has
another monetary policy which can be the reason why the European level factor is less important for
the level factor of the UK. For the region Asia/Pacific the country level factors are also highly positively
correlated with the regional level factor. For example, if the Asian level factor increases with one unit
the level factor of Singapore increases on average with a value of 0.80. Like the European level factor,
these positively correlated results reflect an important common factor driving the monetary policies of the
three Asian countries. However, the level loading of Hong Kong on the Asian level factor is smaller than
Japan and Singapore. Furthermore, the country-specific level factor of Hong Kong is more persistent,
so the Asian level factor is less important for Hong Kong than for Japan and Singapore. For the region
America the country level factors also load positively on the regional level factor, except Brazil which
loads negatively on the American level factor. This difference in sign shows once again the problematic
situation in Brazil. For example, the mean inflation rate of Brazil over my sample period is 5.58% which
is comparatively quite high than the inflation rates of Canada and the US, namely 1.70% and 1.96%,
respectively?.

For the country slope factors I see that for all regions they all load positively on the regional slope
factor, where the factor loadings are also estimated with high precision. In the literature of Diebold
et al. (2008) and Sopov & Seidler (2011) the authors already explained that a main determinant of the
level factor is inflation, but they also argue that a main determinant of the slope factor is real economic
activity. Hence, these results reflect the common characteristics of the economies of the countries in these
regions. For Europe this is in line with the results of the regional level factor, where I see the importance
of the European Union and the Eurozone in terms of monetary policy and real economic activity. This
is also confirmed by the average GDP annual growth of the European countries over my sample which

are relatively similar, namely 1.08% for France, 1.67% for Germany and 1.36% for the UK?2.

2 I source inflation and real GDP growth data from the International Monetary Fund; World Economic Outlook database:

http://www.imf.org/external /datamapper/datasets/ WEO
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Table 4: Parameter estimates of the regional yield curve models

America Europe Asia/Pacific

Lans = 0.83Lanre—1 + Ul Lpus = 0.86Lpue—1 + Upy, Lasy = 0.92Lag 1 + Ulg,
(0.05) (0.04) (0.03)

Samt = 0.905am -1 + U, Sput = 0.955ku—1 + Uppy Sast = 0.9354ast-1 + Ujgy
(0.04) (0.02) (0.03)

Came = 0.65Can—1 + Uiy, Crus = 0.92Cryi—1 + Ugy, Cast = 0.92C4s,t-1 + Ujg,
(0.06) (0.03) (0.03)

Country Country Country

IRy = 12.27 - 1.56Lan s + €gp,
(0.18)  (0.07)
loas = 388 + 0.19Larrs + eb,
(0.06) (0.03)
luse = 4.19 + 0.35Lan + €yg,
(0.08) (0.03)
spRrt = 3.68 + 0.625an + €55,
(0.74)  (0.16)
scas = -0.41 + 0.55S40 0 + €24,
(0.10) (0.02)
sust = -0.26 + 0.77San¢ + €(rgy
(0.16) (0.03)
crt = 492 + 1.59Can; + €Br,
(0.27) (0.02)
coap = -1.96 + 0.04Canr s + €Ga,
(0.15) (0.01)
cus,e = -2.96 + 0.09Can: + €frg,
(0.21) (0.02)

lpry = 041 + 0.59Lpu, + €pp,
(0.22) (0.03)
lams = -0.57 + 0.64Lpuy + €qary
(0.15) (0.02)
luky =0.27 + 049Lgy, + elllK,t
(0.33) (0.04)
spRt = -0.55 + 0.61Spu,s + €fp
(0.10) (0.02)
seae = -0.34 + 0.55Spu, + €6y
(0.08) (0.01)
suks = 0.95 + 0.57Spu + gy
(0.15) (0.02)
crrt = -0.16 + 0.59CEpy; + €ppg,
(0.14) (0.02)
cami = 0.39 + 0.60CEy: + e,
(0.13) (0.02)
cury = -0.27 + 0.55CEu: + €54
(0.25) (0.03)

lak,t =1.09 + 0.33Las: + elHK,t
(0.20) (0.03)

Lips = -0.90 + 0.59L a5 + €p,
(0.16) (0.02)

lspt =-0.02 + 0.80Lag,; + €ZSP,t
(0.22) (0.03)

suk = -0.40 + 0378454 + €3rpcy
(0.10) (0.02)

sypy = -0.38 + 0458454 + €5p,
(0.13) (0.02)

sspy = 0.76 + 0.91S a5, + €4p,
(0.14) (0.02)

crrt =044 + 0.48Cast + €fpe
(0.16) (0.02)

cjpe = 0.12 + 0.48C a5 + €5p,
(0.12) (0.02)

cspt = -0.55 + 0.77Cas + €gp,
(0.17) (0.02)

EiBR,t = 0'785551%,#1 + ulBR,t
(0.05)

ElCA,t = 0~62EZCA,t71 ‘ “lCA,t
(0.06)

ElUS,t = 0'79€IUS,t—1 + “lUS,t
(0.07)

E%R,t = 0-74€SBR¢71 + U%R,t
(0.06)

ESCA,t = 0'5968C’A,t—1 + “E‘A,t
(0.07)

ESUS,t = 0-775?]S¢—1 + “iqjs,t
(0.05)

E%R,t = 0-725%1{#1 + U%R,t
(0.06)

ECCA,t = 0~66560A,t71 + “CCA,t
(0.06)

Efjs,t = 0'765?JS.¢—1 + u?]S,t

(0.05)

E6!7}%,15 = 0'606%12,15—1 + UZFR.,z
(0.07)

ElG]M,t = 0'51€lGM,t—1 ‘ “lGM,t
(0.07)

ElUK,t = 0-78€lUK,z—1 + ulUK,t
(0.05)

E%R,t = 0'606%1‘2,15—1 + “%R,z
(0.07)

EéM,t = 0'57551»1,#1 + “EM,t
(0.07)

6?JK,t = 0'756?]K,t—1 + U?JK,t
(0.05)

E%R,t = 0'636%1‘2,15—1 + “%R,z
(0.06)

G%M,t = O'GOGEHM,tfl + “E:M,t
(0.07)

6?JK,t = 0~785i71<,z—1 + U?JK,t
(0.05)

ElHK,t = 0~8461HK,t71 + UZHK.,z
(0.05)

E%]PA,t = 0'54ElJP,t—1 ‘ u%]P,t
(0.07)

€spe = 0.65€5p, 1 + Usp,
(0.06)

E;IK,t = 0"575?11{,1571 + “;IK.,z
(0.07)

€7pr = 0.10e5p 1 + ujpy
(0.06)

EfS'P,t = 0-58E§P,t—1 + uSSP,t
(0.07)

E?{K,t = 0465?11{,1571 + UJCLIK.,z
(0.07)

€7pr = 0-55€7p 1 + ujpy
(0.07)

ECSP,t = 0'486%P,t—1 + ug‘P,t
(0.07)

Note: The table shows the parameter estimates of the regional yield curve models (3)-(7) with standard

errors presented in brackets. The estimates are based on the sample period 2006.01 - 2018.05.

13



For the region Asia/Pacific it is also clear that Hong Kong, Japan and Singapore share an important
common factor in terms of monetary policy and that they are comparatively homogeneous regarding
their business cycle. An already mentioned explanation is that these Asian countries are all developed
countries where much wealth is concentrated.

For the region America the country slope factors also load positively on the regional slope factor,
where the estimates are highly serially correlated. For example, if the American slope factor increases
with one unit the slope factor of the US increases on average with a value of 0.77. These results reflect
that Brazil, Canada and the US are comparatively homogeneous regarding their business cycle. I also see
this in terms of their average GDP annual growth which is equal to 2.18% for Brazil, 1.82% for Canada
and 1.66% for the US.

All country curvature factors load positively on their corresponding regional curvature factor which
shows the similarity of each country regarding their curvature. Most of the countries are highly posi-
tively correlated with their corresponding regional curvature factor, except Canada and the US. Their
factor loading is relatively small and the persistence of the country-specific curvature factor large, which

means that the curvature factor of those countries is relatively divorced from the regional curvature factor.

Table 5 shows the parameter estimates of the global yield curve model, in which I see that all country
level factors load positively on the global level factor, except Brazil. Furthermore, in general all factor
loadings are estimated with high precision. In a global context I see that every country shares a common
factor regarding monetary policy and inflation. However, the Brazilian level factor is negatively correlated
with the global level factor. For example, if the global level factor increases with one unit the Brazilian
level factor decreases on average with a value of 0.37. This difference in sign in comparison with the other
countries in my research clearly reflects that Brazil suffers from big problems concerning high government
debts and high inflation, Brazil even corresponds to the countries in the world with the highest inflation
rate. It is clear that Brazil is the least developed country, while all other countries in my research are
quite developed from a global perspective. The authors in Diebold et al. (2008) also find that their
country level factors load positively on the global level factor.

For the country slope factors I see similar results in comparison with the country level factors, because
in this case they also load positively on the global slope factor, except Brazil which has a negative loading.
Furthermore, the estimates are highly serially correlated. Thus, in general I see a strong positive impact
of the global slope factor on the country slope factors. I interpret this as when the global economy
performs well, the economy of most of the countries - especially developed countries - also performs well.
A less developed country, such as Brazil, is an exception in this case regarding the sign of the factor
loading. As already explained this is due to the big economic problems in Brazil. In this case my results
are in line with the findings of Diebold et al. (2008), in which the authors also find a positive relationship
between the country slope factor and the global slope factor. However, in general the global slope factor
has become more important in my research. Besides, I still see some similarities, such as the fact that the
global slope factor is relatively less important for Japan and very important for the UK. Only Singapore

has a stronger relationship with the global slope factor than the UK.
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Finally, I see that all country curvature factors also load positively on the global curvature factor

which reflects the homogeneity of the curvature for each country.

I also examine the impact on the country yield factors by including both the regional and global yield
factor in a combined model, which is defined in Eq. (5a) - (5¢). I estimate these Eq. (5a) - (5¢) by using
OLS. Table 6 shows the corresponding results of the estimated yield curve model with the regional and
global factor combined. For the interpretation of these results I use the ceteris paribus assumption and
a significance level of 5%.

For the country level factors of the region America I see that they all load positively on both the
regional and global level factor, except Brazil for which it only loads negatively on the regional level
factor. Furthermore, for Brazil and Canada the regional level factor is more important than the global
level factor, while just the opposite holds for the US. The negative correlation between the Brazilian
level factor and the regional level factor reflects the unique Brazilian monetary policy and inflation rate
regionally. However, there exists a positive correlation between the Brazilian level factor and the global
level factor. For Europe the regional level factor has a relative strong impact on the level factor of France
and Germany, which reflects the importance of the Eurozone. The UK is not part of the Eurozone and
this is also clearly visible in the results, because the regional level factor for the UK is insignificant.
Thus, the UK level factor only loads positively on the global level factor. For the region Asia/Pacific the
regional level factor for Hong Kong and the global level factor for Japan is not significant. Hence, the
level factor of Hong Kong only loads positively on the global level factor and the level factor of Japan
only loads positively on the regional level factor. As already noted, Japan even has the lowest inflation
rate of all countries in my research which may explain the independence of the Japanese monetary policy
globally. Lastly, the regional level factor has a relative strong positive impact on the level factor of
Singapore, while the global level factor has a negative impact. Thus, Singapore is unique globally, but
it shows common features within the region. Finally, I see that for 67% of the country level factors the
regional level factor is more important than the global level factor.

Concerning the country slope factors, for the region America the global slope factor for Canada
is insignificant. All country slope factors load positively on both the regional and global slope factor,
except Brazil which loads negatively on the global slope factor. Globally, Brazil has unique characteristics
regarding the economy due to the already mentioned economic problems. For Europe all country slope
factors load positively on both the regional and global slope factor, except France and Germany which
only loads negatively on the global slope factor. It shows once again the relative strong impact of the
European slope factor on the country slope factors, especially for France and Germany. For Hong Kong
the global slope factor is not significant, so in contrast with the level factor of Hong Kong which only
loads on the global level factor, the slope factor only loads on the regional slope factor. The slope factor of
Japan loads negatively on the global slope factor which reflects the unique developments in the Japanese
real economy from a global perspective. Finally, I see that for all country slope factors the regional slope

factor is more important than the global slope factor.
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Table 5: Parameter estimates of the global yield curve model

Level factor

Slope factor

Curvature factor

Ly =0.93L, 1 + U}
(0.03)

St = 0.965,571 + U;
(0.02)

Cy = 0.86C;_y + Uf
(0.04)

Country level factors

Country slope factors

Country curvature factors

Ipri = 14.58 - 0.3TL; + €p,
(1.24) (0.12)

loas = 2.68 + 0.13L; + by,
(0.24) (0.02)

lyse = 0.60 + 0.38L¢ + ey,
(0.19) (0.02)

lpre = 2.99 + 0.19L; + ehp,
(0.30) (0.03)

leme = 1.55 + 0.27L, + EIGM,t
(0.25) (0.02)

luk,e = 0.28 + 0.36L; + ebype,
(0.16) (0.02)

Ik = 0.07 + 0.30L; + €fpe,
(0.23) (0.02)

lips =-1.88 + 0.46L; + € p,
(0.24) (0.02)

Ispi = -0.69 + 0.56L; + €p,
(0.42) (0.04)

spry = -0.51 - 0.18S; + €p,
(0.81) (0.08)
soar = -0.75 + 0.228; + g4,
(0.17) (0.02)
sus = 0.00 + 0.398; + €5,
(0.16) (0.02)
sprt = -0.77 + 0.375; + E%R,t
(0.25) (0.03)
sam = -0.42 + 0.355; + €y,
(0.20) (0.02)
sukt = 1.57 + 0.448; + efrg,
(0.15) (0.02)
sak,t = -0.37 + 0.225; e%K,t
(0.13) (0.01)
sype = -0.71 + 0.23S; + €5p,
(0.21) (0.02)
sspt = 0.87 + 0.555; + e¥p,
(0.24) (0.02)

cpre = 17.32 + 1.85C; + €5,
(1.30) (0.11)

ccap =-1.41 + 0.07C; + €Gy,
(0.21) (0.02)

cust = -1.30 + 0.21C; + €frg,
(0.25) (0.02)

crry = -2.06 + 0.21C; + €5p,
(0.23) (0.02)

camt = -1.43 + 0.22C + €y,
(0.22) (0.02)

cukt = -1.32 + 0.27Cy + €fr 4
(0.19) (0.02)

crra = -0.90 + 0.16C; + €5,
(0.21) (0.02)

cipt = -1.13 + 0.17C; + €5p,
(0.18) (0.01)

cspt = -2.65 + 0.27C; + €5p,
(0.28) (0.02)

66312,1& = 0~785IBR,t71 + U%R,t
(0.05)

ElCA,t = 0~6OEZCA,1&71 + ulCA,t
(0.07)

6lUS,t - 0'72€lUs,t—1 + ulUS,t
(0.06)

6lFR,t = 0~686lFR,t4 + ulFR,t

(0.06)

ElGJVI,t = 0'7761GM,15—1 + ulGM,t
(0.05)

Ui = 0-54€h e, + U
(0.07)

ey = 079 g1 + Uik,
(0.05)

G%IP,t = 0-736{113,1571 + u%]P,t
(0.06)

E{S‘P,t = 0706{?31&71 + U{S‘P,t
(0.06)

€prt — 0.7legr, 1 + UpR,
(0.06)

ESCA,t = 0-68€E‘A,t71 + “SCA,t
(0.06)

G?JSA,t - 0-82633,15—1 + u?]S,t
(0.05)

€pre — 0.83€pp 1 + Upp,
(0.05)

€, = 0.85€Gn 1 T Uy
(0.04)

€Ure = 0086l + Ubge
(0.06)

€hre = 060€h 1 + U,
(0.06)

€rpr = 0.90e5p, 1 + ujp,
(0.04)

€spy — 0.64€3p, 1 + ugp,
(0.06)

€grt — 0.60e5r, 1 + upR,
(0.004)

ecCA,t = O'GSECCA,t—l + UCCA,t
(0.06)

6?Js,t - 0-696?JS¢—1 + u?]S,t
(0.06)

E%R,t = 0’756%‘R,t—1 + U%R,t
(0.05)

€ = 07066 1 T UGy
(0.06)

€, = 0.96€h 1 + Upge
(0.07)

€hre = 0-59€5 k1 + U,
(0.07)

6ECIP,t = 0~805§P,t71 + u(C]P.,t
(0.05)

€spp = 0.69€5p, 1 + ugp,

(0.06)

Note: The table shows the parameter estimates of the global yield curve model with standard

errors presented in brackets. The estimates are based on the sample period 2006.01 - 2018.05.
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Table 6: Parameter estimates of the yield curve model with regional and global factor combined

Level factors

Slope factors

Curvature factors

It = 6.36 - 2.01Laprs + 0.62L; + €,
(0.53) (0.07) (0.05)

lcas =324+ 0.14Laprs + 0.07Ly + €byy,
(0.26) (0.03) (0.03)

lysy = 1.03 + 0.10Lapre + 0.33Ly + ebyg,
(021) (0.03)  (0.02)

lpry = 0.36 + 0.90Lgy, - 0.22L; + €p

(0.16) (0.03) (0.02)
lears = -0.59 + 0.73Lpu, - 0.07L, + ey,
(0.14) (0.03) (0.02)

lurs = 0.35 - 0.02Lgy; + 0.38L; + €,
(0.20) (0.04) (0.02)
Ly = -0.15- 0.14L a5, + 0.42L; + ey,
(0.25) (0.07) (0.06)
lypy = -1.08 + 0.52L g, + 0.06L; + € p,
(0.23) (0.07)  (0.06)
lspi = 1.31 + 1.30Las - 0.44L; + €sp,

spry = 1.00 + 2.51840, - 1185, + €},
(0.54) (0.18) (0.09)
scap = -0.42 + 0.56Sarr, - 0.0048; + €2y,
(0.11) (0.04) (0.02)
sus, = 0.25 + 0.41Sapr + 0.225; + €}g,
(0.13) (0.04) (0.02)
sFRrt = -0.90 + 0.80Sgy, - 0.16S; + €5p
(0.09) (0.03)  (0.02)
saare = -0.52 + 0.65Spu, - 0.085; + €5ar,
(0.09) (0.02)  (0.02)
surs = 1.52 + 0.27Spy, + 0.265; + ef,
(0.13) (0.04) (0.03)
sure = -0.34 + 0.3284s: + 0.045; + e}y,
(0.11) (0.04) (0.02)
sypt = -0.64 + 0.655 45, - 0.155; + €jp,
(0.13) (0.05)  (0.03)
sspr = 0.95 + 0.76S45, + 0.115; + €5p,

cprt = 0.26 + 1.99Can - 0.64C; + €fp

(0.40) (0.03) (0.05)

ccar =-1.01-0.05Cans + 0.13C; + €&y,
(0.31) (0.03) (0.04)

cuse = 0.61-0.22C4p + 0.49C; + €fg,
(032) (0.03)  (0.04)

crry = -0.02 + 0.73CEu, - 0.09C, + €p
(0.13) (0.03) (0.01)

e = 0AT + 0.68CEy, - 0.05C; + €y,
(0.13) (0.03) (0.01)

cuk, = -0.53 + 0.28CEry, + 0.16C; + efry
(0.23) (0.05) (0.03)

ek = 044 + 050045, - 0.01C; + €§pc,
(0.16) (0.03) (0.02)

cypt = 0.12 + 0.46Cas, + 0.01C; + €Gp,
(0.12) (0.03)  (0.01)

cspy = -0.55 + 0.78Cas, - 0.001C; + €5p,

(0.29) (0.08)  (0.07) (0.15) (0.05)  (0.03) (0.17) (0.04) (0.02)
Note: The table shows the parameter estimates of the yield curve model including both the regional

and global factor with standard errors presented in brackets. The estimates are based on the sample

period 2006.01 - 2018.05.

For the country curvature factors I see that the regional curvature factor for Canada is not significant.
All other country curvature factors load positively on the corresponding regional curvature factor, except
the US which is unique regarding its curvature regionally. Besides, I see that the global curvature factor
for Hong Kong, Japan and Singapore is insignificant, so all country curvature factors in the region
Asia/Pacific only load on the regional curvature factor. For Europe the country curvature factors of
France and Germany load negatively on the global curvature factor, although the impact is quite weak.
Finally, I see for 78% of the country curvature factors that the regional curvature factor is more important

than the global curvature factor.

4.2 Prediction performance of the regional and global yield factors

In the previous subsection I examine the impact of the regional and global yield factors on the country
yield factors. In general, Table 6 shows that the regional yield factor is more important than the global
yield factor. Therefore, it is interesting to investigate whether the regional yield factor has a better
prediction performance than the global yield factor. Subsequently, it is interesting to link the obtained
results to macroeconomic determinants, such as inflation and real economic activity. Besides, I evaluate
the prediction performance of the regional and global yield factor in forecasting the yield curve of each
country. For this purpose I use the three metrics (8) - (10), namely the mean squared error (MSE), mean
absolute error (MAE) and the mean correct prediction (MCP), respectively, to evaluate the prediction
performance. Table 7 shows the results of each metric for both the regional and global yield factor and
curve model of all countries. The model with the lowest MSE and MAE value, and the highest MCP

value is preferred regarding its prediction performance.
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For 67% of the country level factors it is clear that the regional level factor has a better prediction
performance than the global level factor. Only for the US, the UK and Hong Kong the global level factor
performs better in forecasting the country level factor, although this only holds for the UK according
to the MCP value. These results are in line with my findings in the previous subsection, in which the
regional level factor for the UK and Hong Kong is not significant and the impact of the global level factor
on the US level factor is larger than the regional level factor.

For at least 67% of the country slope factors, the regional slope factor is also better in forecasting the
country slope factors than the global slope factor. Only for the US all metrics indicate that the global
slope factor has a better prediction performance than the regional slope factor, although the differences
are comparatively small. Moreover, the MSE and MAE values show that the global slope factor is
preferred over the regional slope factor for the UK. This is also the case for Brazil according to the MAE.
However, in the previous subsection I find that the impact of the regional slope factor on the US slope
factor is greater than the global slope factor. Nevertheless, the global slope factor loading is also positive,
so it reflects a common factor globally. An explanation can be the fact that the economy of the US
belongs to the most important economies in the world. Therefore, the US is an important participant in
the ‘international business cycle’.

For 67% of the country curvature factors the regional curvature factor has a better prediction per-
formance than the global curvature factor. Like the slope factor, all metrics show that for the US the
global curvature factor is preferred over the regional curvature factor. Furthermore, the MSE and MAE
values indicate that the global curvature factor is better in forecasting the curvature factor of Canada
and the UK. These results are also in line with the findings in the previous subsection, in which the
regional curvature factor for Canada is insignificant and the impact of the global curvature factor on the
US curvature factor is in absolute sense twice as large as the regional curvature factor.

Finally, for the country’s yield curve the three metrics indicate that for at least 56% of the countries
the regional yield factor has a better prediction performance than the global yield factor. In general, I see
that only for the US, Canada and Hong Kong the global yield factor performs better than the regional
yield factor in forecasting the yield curve, although this does not hold for Hong Kong according to the
MCP. This result is stronger for the US than for Canada and Hong Kong, which can be explained by the
fact that the US bond market is the largest in the world. Therefore, the US has a big share in the global
bond market. Besides, the result that the regional yield factor has a better prediction performance than
the global yield factor is relatively strong for France and Germany, which indicates that these countries

are important participants in the European bond market.

5 Conclusion

In this paper I examine whether regional and/or global yield factors exist, what their dynamics
and interactions are, and how they perform in forecasting the country yield factors and curves. For this
purpose I extend the single-country dynamized Nelson-Siegel model to a multi-country context; regionally

and globally.

18



Table 7: MSE, MAE and MCP values of regional and global yield factor and curve models

Panel A: MSE

Level factor

Slope factor

Curvature factor

Yield curve

Regional Global Regional Global Regional Global Regional Global
Brazil 3.97 15.52 15.82 16.88 10.13 110.50 10.24 14.97
Canada 0.53 0.57 0.32 0.79 2.96 2.79 0.48 0.38
Us 0.88 0.37 0.71 0.66 6.13 4.23 0.73 0.44
France 0.29 0.92 0.33 1.60 0.78 3.38 0.10 0.85
Germany 0.14 0.64 0.22 1.08 0.71 3.04 0.04 0.51
UK 0.67 0.26 0.72 0.61 2.53 2.38 0.27 0.30
Hong Kong 0.66 0.51 0.30 0.45 1.12 2.76 0.55 0.45
Japan 0.43 0.60 0.54 1.10 0.64 2.03 0.16 0.80
Singapore 0.85 1.74 0.61 1.45 1.27 5.26 0.26 1.68
Panel B: MAE Level factor Slope factor Curvature factor Yield curve
Regional Global Regional Global Regional Global Regional Global

Brazil 1.66 2.78 3.29 3.26 2.71 7.91 2.47 2.80
Canada 0.55 0.60 0.46 0.73 1.43 1.40 0.57 0.50
Us 0.84 0.48 0.65 0.64 2.13 1.60 0.69 0.54
France 0.45 0.78 0.45 1.04 0.70 1.42 0.24 0.78
Germany 0.26 0.61 0.35 0.85 0.60 1.33 0.15 0.58
UK 0.70 0.41 0.68 0.57 1.29 1.05 0.41 0.40
Hong Kong 0.63 0.52 0.41 0.50 0.77 1.27 0.56 0.53
Japan 0.50 0.64 0.60 0.92 0.61 1.17 0.32 0.74
Singapore 0.76 1.07 0.61 0.94 0.84 1.85 0.40 1.03

Panel C: MCP

Level factor

Slope factor

Curvature factor

Yield curve

Regional  Global Regional Global Regional  Global Regional  Global
Brazil 0.78 0.62 0.63 0.50 0.84 0.70 0.58 0.49
Canada 0.67 0.64 0.86 0.64 0.59 0.51 0.54 0.54
US 0.70 0.66 0.68 0.70 0.68 0.70 0.61 0.69
France 0.81 0.64 0.79 0.65 0.78 0.62 0.77 0.54
Germany 0.84 0.68 0.78 0.61 0.75 0.70 0.71 0.61
UK 0.68 0.70 0.71 0.69 0.69 0.66 0.63 0.61
Hong Kong 0.76 0.70 0.74 0.69 0.76 0.59 0.66 0.61
Japan 0.55 0.53 0.53 0.49 0.61 0.56 0.52 0.52
Singapore 0.83 0.72 0.80 0.72 0.82 0.59 0.68 0.61

Note: The table shows the mean squared error (MSE; Panel A), mean absolute error (MAE; Panel B)

and the mean correct prediction (MCP; Panel C) values of the regional and global yield factor and curve

models for each country. Regarding prediction performance, the model with the lowest MSE/MAE and
the highest MCP is preferred (for each case this MSE/MAE/MCP value is represented in bold).
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Firstly, I estimate the single-country dynamized Nelson-Siegel model for each country separately to
obtain the estimated country level (fit), slope (8;¢) and curvature (é;) factors. Subsequently, by applying
principal component analyses on these estimated country yield factors I extract regional and global yield
factors. In general, the results show that all regional and global yield factors are important, especially
Europe and Asia/Pacific exhibit strong and dominant regional yield factors. For Europe this can be
linked to the existence of the Eurozone and the European Union (EU), and for the region Asia/Pacific
all considered countries are comparatively developed and there is much wealth concentrated.

As a next step to examine the dynamics and interactions of the regional and global yield factors,
I estimate the regional and global yield curve models. For Europe I conclude that the countries are
homogeneous regarding their business cycle due to the positive correlation between the country and
regional slope factor. Furthermore, the countries share an important common regional factor in their
inflation rate due to a strong positive correlation between the country and regional level factor, especially
for France and Germany. This relationship is less important for the UK, reflecting the importance of the
Eurozone with respect to monetary policy and inflation. Besides, for Asia/Pacific all countries share an
important common factor in terms of both inflation and developments in the real economic activity due
to a strong positive correlation. For the region America all countries are homogeneous regarding their
business cycle, but in terms of inflation there is a big difference between the developed countries Canada
and the US and the less developed country Brazil, which suffers from high inflation rates.

Globally, I conclude that every country shares a common factor regarding monetary policy and in-
flation, except Brazil which is negatively correlated with the global level factor due to big fundamental
problems in that country. Furthermore, the results concerning the slope factors indicate that when the
global economy performs well, the economy of developed countries also performs well.

Finally, I examine the impact on the country yield factors by including both the regional and global
yield factor in a combined model. In general, I conclude that for almost all country yield factors the
regional yield factor is more important than the global yield factor. This is also confirmed by the
prediction performance, because in general for almost all countries the regional yield factor outperforms
the global yield factor in forecasting the country yield factors, except for the US and the UK. For the
country’s yield curve the regional yield factor also has a better prediction performance than the global
yield factor for most of the countries, except for the US, Canada and Hong Kong.

An important limitation of my research is the limited number of countries that I use for the analysis
of the regional yield factors. As a topic for further research, it would be interesting to include more than
three countries for each region to obtain more reliable results. For example, I examine relative developed
countries for the region Asia/Pacific, so an extension with less developed countries can be interesting. It
is also possible to extend the analysis to more regions. Lastly, I investigate how country yield factors load
on the regional and global yield factors, but it is also interesting to know how the regional yield factors

load on the global yield factors.
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Appendix A Plots of extracted regional and global yield factors

Figure 1: Extracted regional and global level factors
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Figure 2: Extracted regional and global slope factors
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Figure 3: Extracted regional and global curvature factors
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