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Abstract

In this paper we calibrate the term structure of interest rates of German covered bonds
and explain its dynamics in a similar set up to Jakas (2011, 2012). However, two ap-
proaches to the affine model are employed here: (i) including and (ii) disregarding
the no-arbitrage condition. Similar to Jakas (2011, 2012) the stochastic discount fac-
tor (SDF) accounts for such macroeconomic factors as consumer expectations, un-
employment rate, inflation rate and money supply. When including no-arbitrage, the
yield curves are calibrated using a discrete time affine multifactor term structure
model. Interestingly, when the no-arbitrage condition is disregarded, coefficients can
take both positive and negative values along the yield curve, something that does not
occur with an affine no-arbitrage model. Overall, the empirical findings in this study
confirm the observations in the macrofinance literature, suggesting that macroeco-
nomic factors have a strong explanatory power in the movements of the term structure
of interest rates. We also find that the influence of macroeconomic variables is more

pronounced at the front end rather than on longer maturities.
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Modelos afin discretos de

estructura temporal de tipos de intereés
con factores macroeconomicos:
aplicacion al mercado de obligaciones
alemanas garantizadas

Polikhronidi, Xeniya
Jakas, Vicente

Resumen

En este articulo se calibra la estructura temporal de tipos de interés de las obligacio-
nes alemanas garantizadas, asi como se explica su dindmica en un contexto similar
al de Jakas (2011, 2012). Sin embargo, en este articulo se utilizan los dos enfoques
de los modelos afines: bajo la condicién de no arbitraje y con la violacién de esta
condicién. También, de forma similar a Jakas (2011, 2012), el factor de descuento
estocdstico da cuenta de factores macroeconémicos tales como las expectativas del
consumidor, la tasa de desempleo, la tasa de inflacién y la oferta monetaria. En el
enfoque de no arbitraje, las curvas de rendimientos se calibran mediante un modelo
afin multifactorial de estructura temporal discreto en el tiempo. Curiosamente,
cuando se ignora la condicién de no arbitraje, los coeficientes del modelo pueden
tomar valores positivos y negativos a lo largo de la curva, algo que no es posible re-
producir con la condicién de no arbitraje afin. En general, los resultados empiricos
confirman los de |a literatura macrofinanciera en el sentido de que los factores ma-
croeconémicos explican en gran medida los movimientos de la estructura de tipos
de interés. De forma similar a la literatura sobre la cuestién, se documenta el hecho
de que la influencia de las variables macroeconémicas es mas pronunciada en la parte

mas baja de la curva.

Palabras clave:
Datos macroeconémicos, estructura temporal de tipos de interés, factores dindmicos,

modelos afin de estructura de tipos de interés.
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1. Introduction

The purpose of the current study is to calibrate the term structure of the interest rates
of German covered bonds and to explain its dynamics using macroeconomic factors in
a similar set up to that published in Jakas (2011, 2012). To that end, this paper applies
the multifactor affine term structure model in discrete time and considers both the ar-
bitrage and no-arbitrage approach. Jakas (2011) provides the basis for the approach in
violation of the no-arbitrage condition, where it introduces the following four macroeco-
nomic variables into the model — consumer expectations, unemployment rate, inflation
rate, and money supply. Calibration of the yield curves under the no-arbitrage approach
in this study relies on multifactor affine term structure models in discrete time — in par-
ticular, on the stochastic processes of the Vasicek (1977) and the CIR (1985) described
in Backus etal. (1998) and Jakas (2012). German covered bonds — also broadly known
as Pfandbriefe — are considered to be among the safest investments and proved to be a
stable source of financing during the crisis and in the post-crisis period. As a result, these
bonds have been the focus of increasing attention from the market and the regulators.
Therefore, this study attempts to contribute not only to the macro-finance literature
but also to the developing literature on the German Pfandbriefe, as there is currently

limited research on this class of assets from a term structure perspective.

2. The models

Case (i): disregarding the no-arbitrage condition with macroeconomic factors

Despite its economically plausible reasoning, the consumption-based model described
by Cochrane (2005) does not perform well empirically (p. 3-45) and different ap-
proaches may improve model performance. One of the potential problems may derive
from the limited scope of the consumption data (Cochrane, 2005, p. 44) and so Jakas
(2011) suggests a model that accounts for four macroeconomic variables. Jakas (2011)
used the Consumer Confidence Index (CCl) and unemployment data for the estimation
of expected consumption growth in the model, and the Producer Price Index (PPI) for
the estimation of the effects of the price level. To account for the effects of changes in
the monetary supply, the outstanding amounts of the monetary aggregate M3 was used.
While this previous study only represented a regression between money market rates
and German government yields with macroeconomic variables, our intention is to test
the model with the German Pfandbrief yield curve. Similar to Jakas (2011), an affine

term structure model in this paper is expressed by means of a state-space system as:

y:=Bo+Biz.+v; (1)
Z,= QZ, +E, , (2)
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where,

y, : nx1 vector of observed endogenous variables depicting the 7-yields;
B,: 7x1 vector of n-coefficients depicting the intercepts;

B,: nx4 matrix of n-coefficients for each of the four state variables;

z,: 4x1 vector of observed state variables;

v, : nx1 vector of observation-error terms assumed to be i.i.d.";

.+ 4x1 vector of i.i.d. unobserved state-error terms;

o : 4 x4 diagonal matrix of coefficients;

Notice that by using equations (1) and (2) arbitrage is possible, as there is no func-
tional specification linking all the parameters with the maturities of the yield curve,
as seen in Piazzesi (2010) or Duffie and Kan (1996).

In general, the logic and interpretation of the relationship described by the Jakas
(2011) model is similar to the more classical version of consumption-based model
described by Cochrane (2005). However, the specification suggested by Jakas (2011)
provides an opportunity to analyse interest rate behaviour by considering the effect
of a broader scope of different macroeconomic aggregates rather than basing the es-
timation of the dynamics of an entire economy solely on consumption data. The ad-

vantages of this feature of the model will become apparent in section 4.
Case (ii): including the no-arbitrage condition with macroeconomic factors

The general framework for affine term structure models (or ATSM) is described in the
work of Duffie and Kan (1996). Most term structure models can be regarded as special
cases of this broader class of ATSMs, including the Vasicek and the CIR stochastic
processes. The ATSM framework of Duffie and Kan (1996) has been adapted to discrete
time by Backus et al. (1998), where they base their models on the existence of a unique
and positive stochastic discount factor (SDF). To account for the influence of macro-
economic variables on the dynamics of the term structure of interest rates, Jakas (2012)
combines the discrete-time set up defined by Backus etal. (1998) with the approach de-
scribed by Piazzesi (2010) in continuous time. In this paper, the no-arbitrage multifactor
ATSMs with macroeconomic factors closely follow the discrete-time specification pro-

vided by Jakas (2012).

The Vasicek Multifactor Model
In discrete time, the 4-dimensional vector of independent state variables x,,, satisfies

the classical stochastic mean-reverting process of the form:

xt+1 = Xt+ (I)(X_xt)+ Gx £t+1 >

—
W
~

1 Independent, identically distributed random variable.
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where x, and X are both 4-dimensional vectors. @ is a 4 x4 diagonal matrix, i.e. ®;;=
®,, which represents the speed of adjustment at which each of x;, elements reverse
to their means. o, is a diagonal 4 x4 matrix comprising the volatility of the state
variables. €,,, is a (4 x1)-vector of shocks moving x,away from X and with ¢;,,, elements

being normally distributed with mean zero and variance unity.
Following Backus et al. (1998), Jakas (2012) adopts the general specification of the
pricing kernel mz,,, and adjusts it to the multifactor version with 4-dimensional vector
of state variables:

_ln[m:+1]=6+)’§l)+ xsﬂl . (4)
In order to normalize the discount factor to the inverse of the short rate, § is specified as

o-3(2%). (5)

Backus et al. (1998) refer to A— which comprises here the elements (4,, A,, A5, A) —

follows,

Nl*—‘

as the price of risk, since this parameter governs the covariance of shocks stemming
from macroeconomic variables to 7z,,, and y{" in the equation (4). In a similar fashion
to Piazzesi (2010) and Cochrane (2005), Jakas (2012) specifies the short-rate y{" as
y=a,+ajx,,, with g, being a constant scalar and aj being a 1x4 vector of coefficients
multiplying the 4x1 state vector x,,, . The SDF is assumed to be conditionally log-nor-
mally distributed, thereby ensuring a positive discount factor and tractability of solu-

tions. Jakas (2012) suggests the following pricing relationship:

3 3 +A(N) BV @+ [+ BV (-0) |5 -1 (K+B(VY o)

j=1

—E[ln meu)]: %

which, accordingly, is characterized by the coefficients of the form?:
A(N+1) =A(N)+B(Ny ®x+3 (sz [X+B(WVya,] ) (6)
B(N+1)=a]+B(N)(I-®) . (7)

The curve is fitted to the observed yields by substituting the coefficients (6) and (7) into:

i R ®

and solving numerically in MATLAB by adjusting A. The parameters q,, a}, ® and o,
are the observed properties of the input data. EONIA is the short rate and, therefore,

2 Details about the algebra can be found in Jakas (2012) or Backus, Foresi and Telmer (1998).
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the g, and aj coefficients are obtained from the observed relationship of EONIA

rates with the macroeconomic variables.

The Multifactor CIR Model
Jakas (2012) takes a similar approach to obtain the coefficients for the CIR Model,

where the process for the vector of state variables is specified as follows:
X=X+ @(i—xt)+ O X, %)
and defines the pricing kernel by:
4
~In[m, ]=(l+% Elkf)yéw N VxE,. - (10)

Equation (10) suggests the following pricing equation, which can be also solved re-

cursively:

3
—E[ln P = ( +3 2 )+A(N)+B(N) Ox +
3 2
[( +132 ) aj+B(NY (1—@)],:,—% (x+B(VYa,) x,,
where the coefficients are given by?:
3
A(N+1)= ( %Z )+A (N)+B(N) &%, (11
3
B(V+1) [( +122 )a1+B(N) (I- <1>)]—— (x+B(Vya,) (12)
Similar to the Vasicek case, the multifactor CIR model is solved numerically in MAT-
LAB by adjusting the price of risk encapsulated in A, while other parameters are given
by the properties of the observed data.
3. Data description
Macroeconomic variables
Table 1 provides an overview of the data series used for the macroeconomic factors.
These series represent monthly data of selected Eurozone’s key macroeconomic indica-
tors — Consumer Confidence Index, unemployment rate, Producer Price Index, and

Monetary Aggregate M3. In this paper, the choice of the macroeconomic variables has

been slightly altered and we use the M3 index annual growth rates instead of the level.

3 Details about the algebra can be found in Jakas (2012) or Backus et al. (1998).
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® Table 1. Macroeconomic variables. Data overview

Macroeconomic variables Measure Region Source
Real activity measure / Expected consumption CCI Eurozone 17 European Commission Eurostat
Real activity measure / Expected consumption Unemployment Eurozone 17 European Commission Eurostat
Inflation PPI Eurozone 17 European Commission Eurostat
M3 outst. amounts Eurozone 17 European Central Bank
Monetary aggregate
M3 ann. growth rates Eurozone 17 European Central Bank

The rationale behind this modification in the data is explained in the following para-

graphs.

This paper uses the time series of the money growth rate in the economy to estimate the
effects of the monetary policy on the term structure. That is, this analysis includes the
annual growth rates of the monetary aggregate M3, which are calculated using the chain
index* of notional stocks. These data series allow us to capture movements in monetary
dynamics, free from non-transaction effects, which could have a significant effect on the
growth rates of stocks (ECB, 2014). For example, the M3 index growth rates are not af-
fected by the changes driven by various types of reclassifications (Hofmann, 2008,
p. 11-12). Instead, these data series capture only the changes in the financial flows, such
as those resulting from the creation, liquidation, or sale of ownership. On the contrary,
the data for M3 outstanding amounts is affected by reclassifications and also accounts
for events such as Eurozone enlargement (Fisher etal., 2006, p. 52). Thus, the M3 index
growth rate is expected to provide a more accurate estimate of the monetary policy ef-
fects on the term structure of interest rates. Furthermore, the ECB itself refers to the
changes in the M3 monetary aggregate index as the major indicator for medium- and
long-term price stability (ECB, 2011). As part of its two-pillar monetary policy strategy,
the ECB set the M3 index growth rate to a 4.5% per annum reference value®, advocating
the prominent role of this indicator in the monetary policy analysis (ECB, 1998a,b). In-
deed, many financial newspapers, analysts and policy makers refer today to the M3 index
growth rate as one of the major macroeconomic indicators for the European economy?®.

Therefore, the primary analysis of this study refers to the latter data series.

For the estimation of inflation effects on interest rate movements this study takes a similar
approach to Jakas (2011, 2012) in using the monthly industrial Producer Price Index
(PPI) data. This is one of the principle European economic indicators set by the European

Commission (Eurostat, 2012, p. 5). PPI captures the dynamics in producer prices and

 Computed as =1, ,(1+F/L, ), where F, are transactions in the current period and L,_,are stocks at the end of the previous period
(ECB,2014).

5There have been discussions in the literature about the redundancy of a specific reference value for M3 growth rate. Such discussion
lies beyond the scope of this paper. For further details see, for example, Svensson (2000) and Gali (2010).

5 For more detailed discussion of the role of M3 growth rate as a macroeconomic indicator see, for example, Kléckers and Willeke
(2001) or Hofmann (2008).
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can thus be considered as an early indicator of inflationary trends, as it can capture price
changes before they reach the retail or wholesale levels (Eurostat, 2012, p. 12). For the
estimation of the impact of the real activity and expected consumption on the term struc-
ture of interest rates, this study also follows the approach of Jakas (2011, 2012) and
relies on the Eurozone unemployment rate and the Consumer Confidence Index (CCl).
CClis a measurement of the economic confidence of consumers for the next 12 months,
based on surveys which refer to the overall economic conditions, unemployment expec-
tations, financial situation of households, and savings (European Commission, 2014,
p. 12). CCl captures consumer opinion on expected economic developments and repre-
sents the cyclical patterns of household consumption quite accurately (Economic Com-

mission for Europe, 2014, p. 11).

Yields

Table 2 provides an overview of the yields’ data series that are considered in this study for
the analyses of the term structure of the German covered bonds or so-called Pfandbriefs.
All three data sets report the monthly average yields for the covered bonds issued in Ger-
many. However, the accessible sample periods and the length of available maturities differ
across the sets. The PEX Bloomberg data include the lowest number of observations and
only start at the end of 2003, while the PEX VDP and PEX Bundesbank series cover a
longer period and, as a result, include a considerably larger number of observations. The
PEX Bloomberg data does however offer observations for the yields of longer maturities
extending up to 20 years, while the PEXVDP and PEX Bundesbank series cover maturities
for up to 10 and 15 years only, respectively. Hence, to account for the possible influences
of these differences across the available data sets and to assess the stability of the per-
formance of the models, all three data sets are separately considered in the analysis. This
approach also allows us to uncover possible inconsistencies in the results, which might
be driven by the differences in the measurement approaches’ or simply by data entry er-
rors. The main results section focuses primarily on the data from Bloomberg as it allows
us to model the term structure of interest rates with longer maturities. The results for the
other two data sets are briefly presented and summarized in the other results section. The
following section describes only the PEX Bloomberg data used for the main findings, and

the details for the PEX VDP and PEX Bundesbank data series are not reported here.

@ Table 2. German covered bonds. Data overview

Yields Title M(aYt:;irtsit)es Period Obs. Region Source
PEX Bloomberg  1-10,15,20 Nov 2003 -Sep 2012 107 Germany Bloomberg
German v - 5
covered PEX VDP 1-10  Jan1999-Mar2012 159  Germany erband Deutscher
bond Pfandbriefbanken
onds

PEX Bundesbank 1-15 Jan 2000 - Dec 2013 168 Germany Deutsche Bundesbank

7 For example, yields in the PEX Bundesbank data set are estimated using the Svensson (1994) smoothing technique.
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The PEX Bloomberg data set provides observations for the yields of covered bonds
with maturities of 1, 2, 3,4, 5,6,7,8,9, 10, 15 and 20 years. Following the ap-
proach commonly seen in the term structure literature, the money market rates
- Euro Overnight Index Average (EONIA), as well as 3 — and 6-month Euro Inter-
bank Offered Rates (Euribor) — are taken as proxies for the lower end of the yield
curve. Generally, the yield data is characterized by a number of commonly observed
stylized facts, and the descriptive statistics for the general patterns are summarized
in Table 3 and Table 4. On average, the covered bonds yields are an increasing func-
tion of maturity, while the yield volatilities, given by the standard deviations, tend
to decrease with maturity. The yields are persistent and characterized by high levels
of autocorrelation, which decreases for the yields of longer maturities. The skewness
and kurtosis across the time series suggest that the data do not follow Gaussian
distributions. The fact that yields tend to move together is apparent from the cor-
relation statistics presented in Table 4. The pair-wise correlations are close to per-
fect for the adjacent maturities and decrease as the maturities become farther apart
from each other. These strong correlations indicate that certain common factors
exist that drive the curve. However, in general, all correlations are smaller than one.
That is, the importance of the non-parallel shifts cannot be ignored in the analysis

of the term structure of interest rates.

@ Table 3. Summary statistics. PEX Bloomberg. German covered bond yields

Mean SD Variance Skewness Kurtosis Min Max Aut(olc;orr.
EONIA 1937 1341 1799 0.292 1.766 0.100 4.300 0.992
Euribor 3M 2.310 1.390 1933 0.567 2139 0.250 5.110 0.991
Euribor 6M 2.461 1.328 1.762 0.655 2200 0.480 5.220 0.990
Y1 2.441 1.363 1.858 0.428 2.017 0.250 5.280 0.990
Y2 2.646 1216 1.479 0.229 2.089 0.390 5.280 0.987
Y3 2.855 1.106 1.223 0.027 2.246 0.550 5.200 0.985
Y4 3.052 1.000 1.000 -0.143 2.437 0.810 5110 0.983
Y5 3.224 0.914 0.835 -0.258 2.545 1.080 5.040 0.982
Y6 3.361 0.853 0.728 -0.370 2.617 1320 5.000 0.981
Y7 3.482 0.804 0.647 -0.460 2.667 1530 4.980 0.979

Data: PEX Bloomberg Monthly Average. Period: November 2003 - September 201 2.
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® Table 4. Correlations. PEX Bloomberg. German covered bond yields

Euribor Euribor

EONIA M &M

Y1 Y2 Y3 Y4 Y5 Y6 Y7 Y8 Y9 YIO YI5 Y20

EONIA 1

Euribor 3M 0.9818 1

Euribor 6M 09745 0.9982 1

Y1 0.9847 0.9868 0.9866 1

Y2 0965 0958 09572 09871 1

Y3 09396 09308 09289 0966 0994 1

Y4 09105 09014 0899 09405 0.9798 0.9957 1

Y5 08859 08771 08739 09173 09641 0.987 09974 1

Y6 0862 08527 0.8482 0.8933 09461 09751 09909 0.9979 1

Y7 08379 0.8282 0.8225 0.8689 09269 09611 09816 0.9925 0.9983 1

Y8 08129 08028 07959 08437 09061 09452 0.9699 0.9844 09937 0.9985 1

Y9 07927 07824 07746 08229 08885 0931 09588 09761 0988 09953 0.9991 1

Y10 0.7736  0.764 0.7554 08037 08716 09171 09476 09673 0.9816 09909 09967 0.9992 1

Y15 07053 06924 06818 0.7331 08083 0863 09028 09296 09509 0.9665 0.9783 0.9856 0.9904 1
Y20 06822 06571 0643 07015 07818 0.8393 0.8812 09097 09333 0951 09648 09736 09797 0.9956 1

Data: PEX Bloomberg, Monthly Average. Period: November 2003 - September 201 2.
4. Discussion of results

Results obtained disregarding the no-arbitrage condition

The results in this section are obtained using the model specified in equations (1) and
(2). Observations for the yields of covered bonds are taken from the PEX Bloomberg
data set. The following four sets of monthly macroeconomic data series are used to es-
timate the influence of macroeconomic factors on the dynamics of the term structure:
(a) CCI; (b) unemployment rate; (3) M3 index annual growth rate; and (4) PPI. Each
data set contains 107 observations for the period ranging from November 2003 to Sep-
tember 2012. The results are obtained running a robust OLS regression for the equation
(1) in Stata 12. The results that were obtained in the state-space framework for the equa-

tions (1) and (2), using SSPACE command in Stata 12, are summarized in the Appendix.

Our main findings are presented in Table 5. In line with previously published results,
the present results clearly suggest that a strong relationship exists between the term
structure of interest rates and the macroeconomic environment. Almost all coefficients

are statistically significant and have low standard errors. The values of R? and adjusted-
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R? are high and decrease with maturity. Figure 1 shows the series of the estimated and
observed values for the yields of different maturities. From this plot we clearly see that
the model fits remarkably well the observed yields of short- and medium-term maturi-
ties, but less well those of longer maturities. Figure 2 illustrates the calculated coeffi-
cients against maturities and clearly shows that most of the coefficients are in line with
predictions of economic theory. Overall, the four plots on this figure show that the ob-
tained factor-loadings reveal a statistically significant and economically meaningful re-

lationship between the interest rates and the chosen macroeconomic variables.

® Table 5. PEX Bloomberg German covered bonds yields data. Robust OLS
regression. Model with M3 Ann. Growth rates

EONIA E”’ig;'l E“”%‘;{I YI Y2 Y3 YA Y5 Y6 Y7 Y8 YS YO Y5 Y20

Coeff. Coeff. Coeff. Coeff. Coeff. Coeff. Coeff. Coeff. Coeff. Coeff. Coeff. Coeff. Coeff. Coeff. Coeff.
SE SE SE SE SE SE SE SE SE SE SE SE SE SESE
t-stat t-stat t-stat t-stat t-stat t-stat t-stat t-stat t-stat t-stat t-stat t-stat t-stat t-stat t-stat

Intercept 1642 539 186 1218 2027 2482 2708 2752 2822 2868 2921 2934 2929 3073 3396

175 194 187 159 172 194 206 214 218 220 222 223 225 239 245

941 278 099 764 1L76 1281 1312 1283 1296 1305 1316 1315 1301 1288 1385

Log CCI 008 005 005 006 003 001 000 -001 -002 -003 -003 -004 -004 -004 -0.04

003 001 001 002 002 001 001 00l 00 001 001 002 002 002 001

322 440 425 276 199 102 -048 -229 -259 -260 -261 -264 257 274 292

Log Unemployment -865 -967 -945 -971 -879 -817 -756 -691 -642 -599 -566 -539 -516 -470 -447

027 030 030 033 03 037 036 035 034 033 032 031 03 03 031

-3216 -3268 -3149 -29.47 -2485 -2227 -20.78 -1950 -1886 -1822 -1764 -1711 -16.56 -1533 -14.52
Log M3 ann. growth 027 025 021 019 012 005 -001 -004 -006 -007 -008 -009 -009 -014 -0.14
003 002 002 002 002 002 003 003 003 003 003 003 003 004 004
1022 1182 1178 960 734 201 -050 -127 -L79 -216 -251 -267 -280 -391 -367
Log PPT 087 38 45 246 033 -088 -160 -196 -231 -258 -282 -296 -304 -351 -431
039 047 047 044 049 051 052 052 052 052 052 052 052 055 056
225 829 987 553 067 -L73 -309 -376 -444 -497 -542 -570 -583 -642 -7.70
Average Yields 194 231 246 244 265 286 305 322 336 348 359 368 376 401 409

Standard Deviation 134 139 133 136 122 111 100 081 08 080 077 074 071 066 067
Jarque Bera Test 3359 1181 1157 1435 988 511 238 230 322 436 529 583 636 804 859

R 095 09 096 096 095 093 091 08 08 08 08 08 080 075 075
R? Adjusted 095 09 095 096 095 093 091 08 08 08 083 081 079 074 074
DW Statistic 059 042 043 056 053 044 038 035 032 031 030 030 031 028 027

Test for ARCHeffects  56.79 3801 4288 4002 3378 3401 3430 3501 3664 3910 4241 4451 4613 5083 50.14

Data: PEX Bloomberg, Monthly Average. Observations: | 07. Period: November 2003 - September 201 2. Estimation Method: OLS Re-
gression, Robust. Note:The Jarque Bera tests reject the null hypothesis of the normal distribution for the yields.The Durbin-Watson sta-
tistics are well below the value of 2, indicating a positive first-order autocorrelation in the residuals. The tests for ARCH effects reject
the null hypothesis that there is no autoregressive conditional heteroskedasticity in the residuals. For most of the maturities, the Dickey-
Fuller test cannot reject the null hypothesis of a unit root process.
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[ | Figure 2. Coefficients on Macroeconomic variables and their statistical

significance. PEX Bloomberg German covered bonds yields data.
Robust OLS regression. Model with M3 Ann. Growth rates
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We note that, as expected from the relationship defined by the model of Jakas (2011),
CCl exhibits a positive relationship with short- and medium-term yields. Higher CCl
values indicate improved economic consumer confidence for the near future, which
in turn results in better expectations about future consumption growth. When ex-
pected consumption growth is high, the expected aggregate marginal utility growth
decreases, and as a result, consumers lower the value of future cash flows, thus push-
ing prices of risk-free assets down and yields up. This works for German covered
bonds, as they are negatively correlated with consumption growth. As with German
sovereign bonds, covered bonds are risk-free assets and act as a “hedge” for times
when consumption growth is low. This relationship is fully in line with a consump-

tion-based asset pricing model.

Another potential explanation for the positive relationship between CCl and risk-free
yields in the short- and medium-terms is the expectation that improved performance
of the economy in the future might lead to higher interest rates. This expectation is
in line with the implications of the Taylor policy rule, which suggests that the ECB re-
acts to the increased positive gap in real activity by increasing the level of the short
rate. Thus, in anticipation of higher rates in the following time periods, the current
demand on the markets for assets of certain maturities might fall, pushing their prices
down and the yields up. However, CCl is negatively related to the yields of longer ma-
turities and this relationship is also statistically significant. This finding for the longer
maturities might result from the anticipated cyclical effects of consumption and sav-
ing. That is, as a result of the expected increase in interest rates in the short- and
medium-terms, consumers expect the rate of savings to increase and the rate of ex-
pected consumption growth to decrease in the long run. Thus, the growth of marginal
utility of consumption in the long run is expected to be higher, pushing the prices of
risk-free assets of longer maturities up and the yields down. This observation is in line
with the anticipated cyclical effect of the reaction policy of the ECB, where increased
savings eventually lead to lower interest rates in the long-run and, therefore, to lower
yields. Despite being economically meaningful and statistically significant, the mag-

nitude of the effects of the CCl coefficients is, however, rather small.

Eurozone unemployment rates are also used in the estimation of the effect of real eco-
nomic activity and of the expected consumption growth on the term structure of interest
rates. As shown in Figure 2, all coefficients for the unemployment variable are negative,
strikingly significant and - in absolute terms - decrease with maturity, both in terms of
significance and the size of their economic impact. Thus, it seems that unemployment
has a considerable influence on yield dynamics, particularly so on the shorter end of
the curve. The negative coefficients for this macroeconomic variable are also fully in
line with the theory, where the relationship between the interest rates and unemploy-

ment is expected to be negative. In particular, higher rates of unemployment lead to a
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decrease in the expected consumption growth and thus have a positive effect on the
expected aggregate marginal utility. As a result, consumers place more value on future
cash flows from the assets, the demand for the risk-free assets increases, as do prices,
and yields fall. Another potential explanation for these findings is again provided by the
Taylor policy rule: increased unemployment is likely to be a signal to households of an
overall downturn in the macroeconomic environment and output. Market participants
therefore expect the ECB to react to the negative gap in output by decreasing the short
rate. Consequently, in anticipation of decreased interest rates and low inflation, house-
holds are willing to lock in the higher interest rates, thus driving demand for assets up
and yields down. Consequently, these expectations on the market push the yield curve

down, particularly at the lower end.

The effects of changes in the price level, holding other effects constant, are captured
by the coefficients on PPI. They are all statistically significant, exhibit a substantial
effect on interest rates movements and are entirely in line with the expectations im-
plied by the theory. Jakas (2011) expects the changes to the price level to have a dual
impact on the dynamics of interest rates, with the extent of these effects depending
on the elasticity of substitution between the money and the capital markets. Figure 2
shows that the interest rates for the shorter maturities are positively related to PPI.
The Taylor rule implies that an increased positive gap between the current and the
target inflation would induce the ECB to increase the short rate. Therefore, the model
reflects the well-known fact that the ECB responds to the changes in inflation by ma-
nipulating the short end of the yield curve. As expected, coefficients turn negative as
maturity increases, and the statistical significance also increases in the longer end,
representing the second effect, where consumers treat inflation as bad news for con-
sumption growth. This becomes more pronounced at the longer end of the curve,
where the elasticity of substitution between two markets is expected to be lower and

an increase in inflation is expected to result in lower future consumption.

Figure 2, however, suggests that M3 index annual growth rates are not related to the
yields in the pattern that is suggested by the model in Jakas (2011). The results of
Jakas (2011) show that all coefficients are statistically significant except for the ma-
turities of four and five years. In addition, and in contrast to our results, the coeffi-
cients exhibit a positive relation to the yields in the short- and medium-term
maturities. Furthermore, they gradually vanish as maturity increases, subsequently
becoming statistically significant negative values for the longer maturities. That is, if
M3 growth increases, then yields are expected to grow at the front end but to decrease

at the long end, albeit at a slower pace.

In fact, this particular finding is not entirely unexpected taking into consideration the

two-pillar strategy of the ECB’s monetary policy. The ECB adheres to the view that
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money growth has an impact on future inflation (Gerlach, 2004, p. 7). As part of its
two-pillar strategy, the ECB performs not only economic analysis, but also closely
traces the monetary developments for additional cross-checks of potential risks to
price stability (ECB, 2009). An increased growth rate of the M3 index may signal to
the ECB potential inflationary pressures in the medium term. Thus, to mitigate the
excessive growth in the broad money aggregate and to constrain the inflationary pres-
sures, the ECB increases the opportunity cost of holding liquid assets by adjusting
the short end of the yield curve upwards. Similarly, a decrease in money growth might
indicate subdued or deflationary price trends in the medium- or longer-terms. Thus,
the ECB reacts to a decrease in the M3 growth by decreasing the short rate and so
decreasing the opportunity cost of holding money-like assets. Gerdesmeier and Roffia
(2003) also find that the interest rate decisions of the ECB are influenced by the
money growth gap, which they define as the difference between the actual M3 growth
rate and its benchmark value. The authors conclude that monetary dynamics plays a
role as an additional significant element in a Taylor-like policy rule for the Eurozone.
The finding by Gerdesmeier and Roffia (2003) also supports the statistically signifi-
cant relation between the M3 index growth rate and yields in the short- and medium-
term. The negative relation for longer-term maturities can then be explained by the

cyclicality effects of the ECB policy.

Other studies, however, argue that the overall monetary policy of the ECB is not con-
siderably influenced by the dynamics of the monetary aggregates (Svensson, 2000; Gali,
2010). In fact, it is important to note that the ECB clearly emphasizes that it distin-
guishes policy-relevant movements in the M3 index growth rates from the deviations of
a short-term “noisy” nature (ECB, 2007, p. 1). When making monetary policy decisions,
the ECB performs more in-depth analysis than simply comparing the annual M3 growth
rates to the benchmark of 4.5% (ECB, 2007, p. 1), and this may partially explain the

overall low magnitude of the coefficients on the M3 index growth rate.

Figure 3 compares the dynamics of the M3 index growth rate with the movements in
the ECB policy rate. The plot below demonstrates particularly large and persistent
swings in the M3 growth in the period around the recent financial crisis. Figure 3 also
shows that in the period from 2004 to the present time, the ECB policy rate and M3
growth rate have been characterized by some positive relationship. In contrast, the ear-
lier period, from the inception of the euro up to 2003, is described by the negative/weak
relationship between the two rates. In its Monthly Bulletin from July 2007, the ECB ex-
plains the different patterns in the movements of the two rates shown in Figure 3 with
reference to the difference in the nature of the M3 growth dynamics as well as the rel-
evance of these dynamics to price stability risk. The effect of the M3 index growth rates
on the inflation rate was considered by the ECB to be benign in the period prior to 2004
(ECB, 2007), although the accelerated M3 index growth in the period starting in 2004
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raised significant concerns in the ECB and motivated the decision of the Governing

Council to begin to raise interest rate levels in December 2005 (ECB, 2007).

[ | Figure 3. ECB Policy rate and M3 annual growth rate.

——— ECB Policy Rate —F M3

Ecb Policy Rate, %
@
M3 Ann. Growth, %

1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014
Date

Data: ECB 2014

Overall, it seems that M3 index growth has a limited role in the monetary policy of

ECB, and so the coefficients on M3 index growth rate, seen in Figure 2, are of a low

magnitude.
Results obtained assuming no-arbitrage condition

The results in this section are obtained using the discrete affine term structure models
- Vasicek (1977) and CIR (1985) - mostly from Backus et al. (1998) and Duffie and
Kan (1996), as described earlier. As in the previous section, the yields from the PEX
Bloomberg data set are used for the empirical analysis. The models are calibrated
using monthly macroeconomic data: (a) CCl; (b) unemployment rate; (c) M3 index
annual growth rate; and (d) PPI. Each data set contains 107 observations for the
period from November 2003 to September 2012. Both models - with coefficients de-
scribed by equations (6) and (7) for the Vasicek model and by equations (11) and
(12) for the CIR model, which are then entered into the equation (8) - are calibrated
in MATLAB 8.3. The EONIA rate is taken as the benchmark rate and, therefore, its
estimated coefficients on the four macroeconomic factors are used for the input in
the models. The models are fitted by adjusting the risk parameter. For the Vasicek
model, the results of calibration are summarized in Figure 4 and Figure 5. For the CIR

model, the summary is provided in Figure 6 and Figure 7.

As Figure 4 suggests, the coefficients on the macroeconomic factors in the Vacisek
model clearly reveal patterns largely similar to the OLS results, and so the economic in-
terpretation is generally analogous to the analysis provided in the previous section.

Yields exhibit a positive relationship to CCl, PPl and M3, which diminish with maturity,
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gradually approaching zero. Contrary to what has been observed for the OLS results,
for these three macroeconomic factors, the coefficients do not become negative for the
yields of longer maturities. The coefficients on unemployment rate suggest a negative
relationship with the covered bonds’ yields. The results for the CIR model are graphically
depicted in Figure 6 and, as expected, the coefficients obtained are almost identical to
the Vasicek model coefficients. Both the CIR and the Vasicek coefficients tend to be
more persistent than the OLS values and exhibit a smoother path across maturities.
The CIR model captures the humped shape for PPl and M3 coefficients better than the
Vasicek model and, therefore, appears to fit the observed values of average yield curve
somewhat more accurately. However, both models appear overall to have a good fit to
the observed yield curves. This can also be seen in Figure 5 and Figure 7, where the plots
show that the two models reproduce the paths of the time series for the yields quite

well, particularly for the maturities of the short- and medium-term.

[ | Figure 4. Coefficients on macroeconomic variables. Multifactor Vasicek model

0.1, CCI -5- Unemployment
0.08 5
% 0.061 £
3 5 T
5 0.041 E
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g . g 8o
g 01 T 0.75]
© 014 ° 471
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Data: PEX Bloomberg, Monthly Average. Period: November 2003 — September 2012. Model with M3 Ann. Growth Rates.
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[ | Figure 6. Coefficients on macroeconomic variables. Multifactor CIR model
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Data: PEX Bloomberg, Monthly Average. Observations: | 07. Period: November 2003 — September 201 2. Model with M3 Ann. Growth
Rates.
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Other results

In general, the results of this study confirm the findings of Jakas (2011, 2012), where a
similar analysis for the German government bonds was performed. These previous stud-
ies found that CCl and PPI exhibit a positive relationship for short- and medium-term
maturities and with negative coefficients across all maturities for the unemployment
rate. However, as explained above, the current study slightly modifies the approach by
using M3 index growth rates instead of M3 outstanding amounts, and so the results for
this macroeconomic factor differ from those in Jakas (2011, 2012). In contrast to the
findings described above, the previous studies report a clearly negative relationship be-

tween the changes in M3 outstanding amounts and German government bond yields.

For the sake of comparison with the results in Jakas (2011, 2012), Figure 8 graphically
summarizes the OLS coefficients for the model in equation (1) using M3 outstanding
amounts or the so-called level. Figure 9 plots the absolute values for the respective t-
statistics summarizing the statistical significance for the coefficients. There are three
types of plots on the graphs - PEX Bloomberg, PEX VDP and PEX Bundesbank, and
so the graphs now include not only the results for the PEX Bloomberg data, but also
the estimations that were separately obtained using PEX VDP and PEX Bundesbank
data series. All three data sets were run in Stata independently from each other and,
as previously described in section Ill, the three data series differ by time periods, ma-
turities available and number of observations. Therefore, the graphs do not appear
to be entirely harmonious, however, they are jointly plotted on a common graph for
a more convenient comparison and a general estimation of how stable the model is
for different data sets. Further discussion on the performance of the model with re-

spect to the different data sets is continued in subsequent paragraphs of this chapter.

Similar to Jakas (2011, 2012), when considering the outstanding amounts, Figure 8
confirms a negative pattern for the M3 coefficients for the short- and medium-term
maturities of the yields in the PEX Bloomberg data. These coefficients are statistically
significant and exhibit a stronger economic effect than coefficients obtained using
M3 index growth rates. For the PEX Bloomberg data, the overall relationship pattern
for PPl and unemployment remained the same, although the magnitude of these co-
efficients significantly changed. Furthermore, the coefficients for CCl are no longer
significant, indicating a potential issue with the model or macroeconomic data used.
While the models of Jakas (2011, 2012) generally fit the observed data, the differences
implied by the introduction of changes into one of the four macroeconomic factors

suggests that there may still be room for further improvement of the model.

To test for the stability of the model in the previous section, Figure 10 and Figure 11

compare the coefficients and their statistical significance for the yields from three dif-
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ferent data sets. As described above, for the graphs of this type, all three data sets
are run in Stata separately and then plotted on a common graph. Initially the three
data series differ by the time periods, maturities available, and number of observa-
tions. However, the coefficients, plotted on Figure 10 and Figure 11, were obtained
for a fixed time period, where all the three data series overlap. Specifically, the sample
period for the three sets is fixed at November 2003 - March 2012 resulting in 101
observations for each set. This approach allows us to eliminate the effects of the time-
periods that are specific to the data set and of the number of observations in the set.
From Figure 10 we can clearly see that the results of the model are valid for all three
data series. The minor variances observed in this figure arise most likely from the re-

maining differences in the length of maturities and measurement methods.

Figure 12 and Figure 13 compare the coefficients for the data sets using the entire
time series available. These graphs clearly suggest that the findings, which were ob-
tained using PEX Bloomberg, do not entirely hold with respect to the other two sets
of time series. The differences in the behaviour of the coefficients across different
data sets are most evident for the M3 and PPl macroeconomic factors. In particular,
the M3 growth rates appear to have close-to-zero effect on the short-term maturities,
which gradually increases in magnitude, with a negative sign. Thus, in contrast to PEX
Bloomberg and PEX Bundesbank, an increase in the M3 index growth rates does not
exert a positive effect on the yields of shorter maturities. For the coefficients on PPI,
the difference is even more apparent. The PEX Bloomberg results suggest a positive
relationship between PPl and the yields of shorter-maturities, while the findings from
the two other data sets do not confirm this observation. Indeed, all coefficients are
negative, and are mostly statistically significant. This difference in the results is most
likely related to the sample period of each data set. Therefore, Figure 14 plots the co-
efficients for the PEX Bundesbank data series, limiting the observations to the pre-
crisis period of January 2000 - June 2007. Comparing these results with the PEX
Bundesbank coefficients for other periods that are shown in the Figure 10 and Figure
12, the findings show that the sample period clearly plays an important role. For in-
stance, the CCl coefficients in Figure 14 have increased in magnitude and exhibit a
considerably more persistent behaviour than in Figure 10. Conversely, in line with the
observation suggested by the ECB itself (see the section IIl), for the maturities starting
from 1 Year, the M3 index growth rates exhibit either a rather weak or no relationship
to the covered bonds yields. M3 coefficients are sizeable only for the very short-term
rates both in terms of magnitude and statistical significance. PPl coefficients also
conflict with results observed in Figure 10, where these now display a negative rela-
tionship with the yields of all maturities. The single exception that remained relatively
robust to the change in the time period observed is the macroeconomic factor of un-
employment rate, where the magnitude and statistical significance decreased but the

overall pattern of the relationship with the yields did not change.
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Overall, the above results suggest that the models provide an economically meaningful
explanation for the behaviour of the interest rates, although the results remain vul-
nerable to changes in the macroeconomic data and to the time periods observed.

Therefore, there is potential for future research to improve this model.

[ | Figure 8. Coefficients on macroeconomic variables. All time series for three

data sets. Robust OLS regression. Model with M3 outstanding amounts

CCI

Maturity

PEX Bloomberg PEXvdp  ------- PEX Bundesbank

Data: PEX Bloomberg, PEX vdp and PEX Bundesbank, Monthly Average. Observations: varying across data sets. Periods: varying across
data sets. Estimation Method: OLS Regression, Robust.
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[ | Figure 9. Statistical significance of coefficients on macroeconomic variables.
All time series for three data sets. Robust OLS regression. Model with M3

outstanding amounts
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Data: PEX Bloomberg, PEX vdp and PEX Bundesbank, Monthly Average. Observations: varying across data sets. Periods: varying across
data sets. Estimation Method OLS Regression, Robust. Statistical significance: absolute values of t-statistics.
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[ | Figure 10. Coefficients on macroeconomic variables. Matched time series for

three data sets. Robust OLS regression. Model with M3 Ann. Growth rates
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March 201 2. Estimation Method: OLS Regression, Robust.
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[ | Figure 11. Statistical significances of coefficients on macroeconomic variables.
Matched time series for three data sets. Robust OLS regression. Model with M3

Ann. Growth rates
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Estimation Method: OLS Regression, Robust. Statistical significance: absolute values of t-statistics.
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[ | Figure 12. Coefficients on macroeconomic variables. All time series for three

data sets. Robust OLS regression. Model with M3 Ann. Growth rates
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Data: PEX Bloomberg, PEX vdp and PEX Bundesbank compared, Monthly Average. Observations: varying across data sets. Period:
varying across data sets. Estimation Method: OLS Regression, Robust.
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[ | Figure 13. Statistical significances of coefficients on macroeconomic variables.
All time series for three data sets. Robust OLS Regression. Model with
M3 Ann. Growth rates
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Data: PEX Bloomberg, PEX vdp and PEX Bundesbank, Monthly Average. Observations: varying across data sets. Periods: varying across
data sets. Estimation Method: OLS Regression, Robust. Statistical significance: absolute values of t-statistics.
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[ | Figure 14. Coefficients on macroeconomic variables and their statistical
significance. Pre-crisis time series for pex Bundesbank German covered bonds

yields data. Robust OLS regression. Model with M3 Ann. Growth rates
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5. Conclusions and final remarks

The purpose of this study is to apply the term structure of the interest rates model to
German covered bond yields and from this explain its dynamics using macroeconomic
factors in a similar set up to Jakas (2011, 2012). This study employs both approaches
to the affine models: 1) including and, 2) disregarding the so-called no-arbitrage con-
dition. Our findings in this paper provide macroeconomic interpretations of the move-
ments of German covered bond yields, in line with current economic theories and
general observations in the available literature. Results produced by the models in
this study fit the observed values remarkably well; particularly so for the yields at the
lower end of the curve. Overall, calculations in this paper confirm the observations
in the macrofinance literature suggesting that macroeconomic factors have a strong
explanatory power in the movements of the term structure of interest rates. Similar
to previously published results, we found that the influence of macroeconomic vari-

ables is more pronounced at the lower end of the yield curve.

Despite the good performance of the models described above, there is still potential
for further improvement. First, additional research on the choice of macroeconomic
factors included in the models as well as on their respective macroeconomic data
may be useful. In this study, the M3 outstanding amounts have been replaced by the
M3 index growth rates since the latter are expected to capture the dynamics of the
ECB monetary policy more accurately. However, we observed that the M3 factor has
a rather weak explanatory power, since the pattern of its relation to the yields of cov-
ered bonds significantly depends on the time period considered. The potential reasons
for this inconsistency of M3 coefficients with time are most likely rooted in the nature
of this indicator, as discussed in the respective sections of this paper. Furthermore,
the CCl data also tends to have coefficients of smaller magnitude and weaker stability
across sample periods, which may be explained either by the survey-nature of this in-

dicator or by other potential weaknesses of the model.

Second, the results of the models may be affected by the stationarity of the yields data.
The time series of German covered bond yields appear to show an overall decreasing
trend, while at the same time the Dickey-Fuller test (not reported here) fails to reject the
unit root. The results of the robust OLS regression on the first differences (not reported)
also appear to be rather weak. The trends in the prices of covered bonds might be influ-
enced by the changes in the issuing and the outstanding amounts of the German Pfand-
briefs, which have been significantly reduced over the last 10 years. This decrease in
supply of the German covered bonds might be aggravated by the increased demand for
safer investments such as German Pfandbriefs during the post-crisis period. The reduction
in the total amounts has been driven by the German public covered bonds and we there-

fore intend to perform a separate analysis of mortgage Pfandbriefs in the near future.
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M APPENDIX

PEX Bloomberg German covered bonds yields data. state-space. Model with M3

Ann. Growth rates as in equations. (1) and (2)
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Data: pex bloomberg, monthly average. observations: | 07. period: november 2003 - september 201 2. estimation method: state-space.
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