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Abstract

This paper attempts to address the gquestion of how unconventional monetary policies affected the
market expectations in both the future paths of the monetary policy rate and economic growth
implicit in interest rates in the period 2007-2013 for several developed and developing countries
where these kind of policies were applied. The approach used in this paper is to compare the implicit
expectations in the yield curve with market surveys and econometric models to see whether the first
ones were affected. We conclude that in the period where unconventional monetary policies were
applied, the yield curve provided relevant additional information to forecast the monetary policy rate
and economic growth, especially in developed economies.

Resumen

Este articulo intenta abordar la interrogante sobre como las politicas monetarias no convencionales
afectaron las expectativas de mercado sobre los futuros valores de la tasa de politica monetaria y el
crecimiento, implicitos en las tasas de interés en el periodo 2007-2013 en economias desarrolladas y
emergentes en las cuales se aplicaron dichas politicas. EI enfoque utilizado en este trabajo compara
las expectativas implicitas de la curva de rendimiento con encuestas para la tasa y modelos
econométricos para el crecimiento, de modo de evaluar si las dichas expectativas derivadas de la
estructura de tasas de interés fueron afectadas. Se concluye que en dicho periodo donde se aplicaron
politicas no convencionales, la curva de rendimiento entregd informacion relevante a la hora de
proyectar tanto la tasa de politica monetaria como el nivel de crecimiento, especialmente en paises
desarrollados.

* We thank the comments and suggestions of Pablo Pincheira and Maria Consuelo Edwards. The views expressed in this
paper do not necessarily represent those of the Central Bank of Chile or its authorities. Emails: Iceballos@bcentral.cl y
dromero@bcentral.cl.
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1 Introduction

The conventional monetary policy (understood as changes in the level of the monetary policy
interest rate) seeks to influence the expectations of market participants about the future path
of interest rates, affecting asset prices and therefore the level of output in the economy. The
transmission mechanism can be summarized in two processes. The first process involves the
propagation of changes in monetary policy through the financial system. Therefore move-
ments in the monetary policy rate (MPR) lead to changes in asset prices (i.e. bond and bank
loans) affecting the spending decisions of individuals and firms. The second process is related
to the propagation of the MPR from financial assets to the real economy in both aggregate

output and prices.

However, after the onset of the financial crisis in 2008 caused by the subprime mortgage crisis
in the U.S., conventional monetary policy described above gave way to a new form of so-
called unconventional monetary policy. During this period different economies experienced a
contraction of output while some countries reached a lower bound for the monetary policy rate
as figure 1 illustrates for a selected group of countries that applied unconventional monetary
policies. Also during this period, some governments took actions to provide liquidity in
foreign currency and monetary markets and additional unconventional policies were adopted
to reinforce the credibility of announcements that the monetary policy rate would be kept low
for a long time. All the financial turmoil exhibited during that period might have affected the
information derived from bonds related to the future path of the MPR and therefore future

economic growth.



FIGURE 1: Monetary Policy Rate and Gross Domestic Product growth for selected

countries
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Both figures include Chile (CH), Brazil (BR), Mexico (MX), United States (US), Eurozone (EZ),
United Kingdom (UK), New Zealand (NZ), Thailand (TH), Canada (CAD), Poland (POL), Japan
(JP) and Turkey (TR). Left chart correspond to monthly monetary policy rate expressed as index
(2005 = 100). Right chart correspond to quarterly Gross Domestic Product growth expressed as index
(2005 = 100) Sources: Centrals Banks and Bloomberg.

The different unconventional policies adopted by various central banks, especially during the
period 2008-2009' can be grouped into (1) liquidity and exchange rate easing, (2) credit and
quantitative easing, and (3) forward guidance as Ishi et al. (2009) and IMF (2013) enumerate.
It is important to remark that the last two types of unconventional policies affected directly
the structure of interest rates, and therefore, the information regarding the future path of the

MPR and economic growth.

The aim of this study is to assess whether the information contained in the structure of in-
terest rates (in particular whether the adoption of unconventional monetary policies) affected
expectations of future MPR path and activity derived from bonds. We evaluate and compare

the expectation of MPR and economic growth for a group of countries that applied uncon-

!For instance, Céspedes et al. (2011) compile a list of fifty-six policy announcements regarding unconven-

tional policies, in the period from September 2008 to October 2009, for a group of thirteen central banks.



ventional monetary policies based on interest rates, and other benchmarks as surveys (for the
MPR) and autoregressive models (for economic growth). Those countries are characterized
by having adopted some type of unconventional monetary policy in the period 2005-2013. We
found that unconventional monetary policies helped to improve the expectation derived from

the yield curve, specially in developed countries.

Section 2 presents the methodology used in this paper. Section 3 presents the results and

section 4 concludes.

2 Methodology

2.1 The yield curve

Both market players and policymakers use the information contained in the yield curve to
extract expectations about future movements of the MPR, inflation expectations and output
growth. Since we lack rates for all maturities, we use a parametric approach to compute
the yield curve. Typically, we can compute three factors of the yield curve defined as the
level, slope and curvature (see Diebold & Li (2006) for a detailed revision) and use them to
analyze their relation with the rest of the economy. To compute the factors of the yield curve,
we employed the Nelson & Siegel (1987) model which according to the BIS (2005) is one of
the most used models by different central banks due to its easy computation and good fit to

observed interest market rates. The model can be written as:

yi = Bos+ Brel(1— e ) /A7) 4 Boa{[(1 — e7) /A7) — 7} (1)

where y] corresponds to the interest rate observed at maturity 7 in time ¢. The model (1)
calibrates parameters {5, 01, 52, A}, such that the error between the market rates and the
estimated rates derived from the model are minimized. The parameter 5y denotes the level,
B1 the slope and (35 the curvature of the yield curve (see Nelson & Siegel (1987), Diebold &
Li (2006) and Diebold et al. (2006) for details).

In order to obtain the parameters from (1), we proceed to fix the A parameter of the model?
for two reasons: (a) When this parameter is fixed, the model is linear and can be estimated by
OLS for each date, generating a time series for each factor, and (b) changes in the parameters

(factors) in (1) can be interpreted as changes in the level, slope and curvature of the yield curve,

2The parameter calibrated ranges from 0.07 to 0.12 for different countries. Different values of this parameter
do not change our results qualitatively. Note that Diebold & Li (2006) as well as for example Dolan (1999)
and Fabozzi et al. (2005) first fix A to a pre-specified value and then proceed with analyzing the three-factor

model.



and those are the relevant elements to take into account when analyzing their importance in

the economy.

2.2 Monetary policy rate expectations

To assess the MPR forecast, we consider two sources of information. The first refers to the
expected MPR implicit in the yield curve based on the forward rate structure proposed by
Nelson & Siegel (1987) denoted in (1). Thus, the expected forward rate at maturity 7 (f7) is

denoted as:

f{ = Bos + 51,t€_/\T + 52,t)\€_/\T (2)

This information corresponds to the expectations that the market has regarding future changes
in the MPR. The second source is the estimation of analysts and investment banks in each
economy reported by Consensus Forecast Survey (CF). The latter reflects the MPR’s expected
future path based on a survey. In both cases we consider the forecast horizon at three and
twelve months (the periods for which we have available data for CF). Thus, we proceed to

compute the forecast error measured as:

] = MPRy), — E/

n(MPR) (3)

where M PR, denotes the effective policy rate at period t+h, Et] ., indicates the expectation
in time ¢ for M PR h months months ahead based on forecast source j (either bond prices or
CF). In each case, we estimate the model and produce forecasts for both horizons (three and

twelve months ahead), evaluating the accuracy of the forecast as:

dy = g(ef ") — g(ef™) (4)

where ¢g(-) is the loss function represented by the squared error, as is usual in the literature.
Then using the series generated in (4), we run a Diebold & Mariano (1995) test using the
small sample correction proposed by Harvey et al. (1997) and evaluate the accuracy of each

forecast at different horizons.

2.3 Economic growth expectations

Following the literature (Estrella & Hardouvelis (1991) and Hamilton & Kim (2002) among
others), we use the slope factor of the yield curve to predict output growth at different
horizons. To do this, we estimate regressions of the ¢t + h periods ahead year-on-year growth

rate of industrial production on a set of regressors in time ¢. For parsimony, we follow Estrella



& Hardouvelis (1991) and Hamilton & Kim (2002), among others, and estimate the following

model:

Yirh = g + a1yi—1 + a3AM PRy + ayslope; + € (5)

where y.yp is the yearly growth of industrial production h periods ahead, AM PRy, is the
change in monetary policy rate between period ¢ and ¢ — 1 and slope; is the slope of the yield
curve denoted by £; in model (1). We evaluate the forecasting power of the slope, comparing

model (5) with a modified version given by equation (6):

Ye+h = 0 + a1yi—1 + asAM PR, + ¢ (6)

Equation (6) is the same as equation (5) but imposing the constraint gy = 0. The specifi-
cation (5) attempts to capture the additional information contained in the interest rates of

bonds through the slope factor of the yield structure.

Our procedure is recursive, so we first estimate both models in monthly frequency for the
period January 2005-November 2007. Then the models incorporate new observations and
are recalibrated in order to make a forecast h-steps ahead. Finally, to evaluate the relative
performance of each model, we compute the modified Diebold & Mariano (1995) test described
in the previous section. The horizons taken in consideration are three, six, and twelve months
ahead.

3 Data and results

For our empirical exercise, we use the same countries presented in figure 1 for the period
2005-2013 (see footnote in that figure). We use monthly data taken from Bloomberg. Besides
analyzing market expectations in the whole period, we take into consideration two subsamples
which were characterized by different expectation disruptions as a way to get robust results.
The first subsample, spanning December 2007 to July 2009, was characterized by historical
increase in the risk indicators, episodes of turbulence in financial markets, significant slow-
down in production and a decrease to the lowest MPR level in each economy. Also during this
period the first types of unconventional monetary policies aimed to normalize the function-
ing of financial markets and stimulate the economy began being implemented. The second
subsample, spanning August 2009 to December 2013, was characterized by decreases in the
risk levels as well as a gradual recovery of output in most countries. Table 1 presents the
Diebold-Mariano tests over the MPR forecast based on interest rates and those reported by

CF taking into consideration the different subsamples.



For developed countries, the evidence suggests that for Japan the information contained in
bond interest rates outperforms the market expectations informed by CF considering the
different samples at both short and longer horizon. For the U.S., the evidence indicates
that the information contained in market interest rates have no better predictive power for
future path of MPR regarding reported by CF. Considering the subsample, where significant
turbulence were recorded in the financial markets as well as the beginning of the application of
unconventional monetary policies, it appears that just in Japan the information in financial
markets might be relevant, while in the case of Poland and United States the information
of CF provides a more accurate forecast at short horizons. Finally, considering the final
subsample is observed for Japan and the UK that the information contained in market rates
has a lower error forecast than those reported by CF, while for the Euro area the opposite is
reported.

In the case of emerging economies, only Turkey shows that the information derived from
bonds allows a better forecast of the MPR in both short and long horizon considering the
total sample. However, by considering the first subsample, there is no evidence that informa-
tion contained in bond interest rate leads an accuracy estimation of future MPR movements.
In fact, a lower forecast error based CF in the three-month horizon is evidenced in the Poland
case. Meanwhile, when considering the second subsample shows that there is no gain from

information rates except for Poland.

In the economic growth forecasting evaluation presented in Table 2, we find evidence of pre-
dictive ability of the slope on output growth in most of the countries. As we can see, we find
some cases when the forecast of the alternative model (equation 6) is more accurate, like the
Chilean case at the full sample with h = 24. However, these results are not statistically signif-
icant. Second, we find several cases when the performance of the slope is relevant to predict
output growth, and these are statistically significant. For instance, in developed countries
as Canada, Eurozone, New Zealand and U.S. there are a marginal gains considering bond
information depending horizon, as well in emerging countries as Mexico, Poland, Thailand

and Turkey.



TABLE 1: Monetary Policy Rate forecast evaluation

Full sample Subsample A Subsample B
h=3 h=12 h=3 h=12 h=3 h=12

Brazil 1,02 0,91 1,42 0,69 -0,33 -0,33
031 0,36 0,17 0,50 0,75 0,75

Canada -1,10 -1,02 -1,16 -0,56 -0,60 -0,59
0,27 0,31 0,26 0,58 0,55 0,56

Chile 0,74 -0,68 047 0,23 0,28  -0,35
0,45 0,50 0,65 0,82 0,78 0,73

Eurozone -0,16 -0,25 -1,50 -0,73 5,85 4,30
0,87 0,80 0,15 0,48 0,00 0,00

Japan -4,21 -4,26 -5,22 -2,53 -2,95 -2,30
0,00 0,00 0,00 0,02 0,00 0,03

Mexico 0,99 0,94 1,17 0,57 0,79 1,29
033 0,35 026 0,58 0,44 0,20

New Zealand 1,61 1,50 1,48 0,72 0,60 0,28
0,11 0,14 0,16 0,48 0,55 0,78

Poland -0,93 -0,87 2,61 1,26 -0,75 -0,26
0,35 0,39 0,02 0,22 0,45 0,79

Thailand -1,10 -0,78 -1,15 -0,56 -1,44 -0,31
027 044 026 0,58 0,16 0,76

Turkey -4,66 -4,21 -0,43 -0,21 -5,34 -3,36
0,00 0,00 0,67 0,84 0,00 0,00

UK 1,03 1,00 1,60 0,78 23,88 -3,30
0,31 0,32 0,13 0,45 0,00 0,00

US 1,77 1,74 2,38 1,15 124 1,63

0,08 0,09 0,03 0,26 0,22 0,11

Reports the modified Diebold-Mariano test and p-values. Under the null,
both models have the same predictive power, while under the alternative is
different. When the Diebold-Mariano statistic is negative and statistically
significant, this represents evidence in favor of the predictive power of model
based bond interest rates. Full sample corresponds to December 2007 to
December 2013, Subsample A corresponds to December 2007 to July 2009
and Subsample B corresponds to August 2009 to December 2013.



TABLE 2: Economic growth forecast evaluation

Full sample

Subsample A

Subsample B

h=3 h=6 h=12 h=3 h=6 h=12 h=3 h=6 h=12
Brazil 0,47 -056 -0,14 052 023 -044 0,35 -0,61 0,72
064 0,58 0,89 061 0,82 0,66 0,73 0,55 0,48
Canada 0,38 -1,08 -1,91 334 0114  -0,56 1,96 -120  -1,60
0,70 0,28 0,06 0,00 089 0,58 0,06 023 0,12
Chile 054 -1,22  -0,70 058 -1,02  -0,72 0,11 -0,61 -0,14
0,59 023 0,48 057 0,32 0,48 091 054 0,89
Eurozone 1,89 -1,01  -0,07 0,63 -4,30 -1,74 220 0,02 157
0,06 032 0,95 0,54 0,00 0,10 0,03 0,99 0,12
Japan 0,38 -0,11 0,01 0,28 -284 -1,64 0,97 1,00 1,36
0,71 091 0,99 0,78 0,01 0,12 0,34 032 0,18
Mexico 1,28 -1,26 -2,44 0,56 -0,07 0,19 1,56 -1,25  -2,86
021 021 0,02 0,58 0,95 0,85 0,12 022 0,01
New Zealand -3,83 -0,89  -0,27 0,58 -0,76 0,18 447  -041  -0,78
0,00 0,38 0,79 057 045 0,86 0,00 0,69 0,44
Poland 0,78 -1,08 -1,89 0,13 -0,46  -0,78 122 -0,92  -1,21
044 028 0,06 0,90 065 0,45 023 036 0,23
Thailand 0,53 227 -141 0,26 -143  -091 -1,19  -2,16  -0,78
0,60 0,03 0,16 0,80 0,17 0,37 024 0,04 044
Turkey 1,72 -155  -0,90 -1,66 -0,77  -0,25 1,46 -120  -0,77
0,09 0,13 0,37 0,11 045 0,81 0,15 023 044
UK 0,80 -0,74  -0,60 1,23 -295 -1.24 0,13 -0,05 1,18
0,42 046 0,55 023 001 0,23 0,90 0,96 0,24
Us 0,12 -0,99 -247 0,84 -0,85  -0,59 0,02 -0,70 -2,21
091 033 0,02 0,41 0,40 0,56 0,98 049 0,03

Reports the modified Diebold-Mariano test and p-values. Under the null, both models have the same

predictive power, while under the alternative is different.

When the Diebold-Mariano statistic is

negative and statistically significant, this represents evidence in favor of the predictive power of model

based bond interest rates. Full sample corresponds to December 2007 to December 2013, Subsample A

corresponds to December 2007 to July 2009 and Subsample B corresponds to August 2009 to December

2013.



4 Conclusions

Given the target of monetary policy to affect the expectations of economic agents and the
economic performance of a country, we evaluate empirically the informational content of the
yield curve in the period were unconventional monetary policies were applied. Computing
the yield curve with a simple and well known parametric method like the Nelson & Siegel
(1987) model, we compute three factors of the yield curve (level, slope and curvature) and
test the quality of their predictions for monetary policy rate and yearly economic growth
for twelve economies, against market survey and standard autoregressive models. Evaluating
this prediction for the pre-crisis and the post-crisis period, we found significant gains in
the prediction of monetary policy rate and even more important gains in the forecast of
output growth in developed economies for medium term horizons (six to twelve months). For
developing economies, those gains are moderated or are not statistically significant. All these
evidence reflects that unconventional monetary policies did not deteriorate the informational

content implicit on interest rates and even improve it especially in developed economies.

References

BIS (2005), ‘Zero-coupon Yield Curves: Technical Documentation’, BIS Papers 25.

Céspedes, L. F., Chang, R. & Garcia-Cicco, J. (2011), Heterodox Central Banking, in L. F.
Céspedes, R. Chang & D. Saravia, eds, ‘Monetary Policy Under Financial Turbulence’,
Central Bank of Chile.

Diebold, F. & Li, C. (2006), ‘Forecasting the Term Structure of Government Bond Yields’,
Journal of Econometrics 130(2), 337-364.

Diebold, F. & Mariano, R. (1995), ‘Comparing Predictive Accuracy’, Journal of Business and
Economic Statistics 13(3), 253-263.

Diebold, F., Rudebusch, G. & Boraganaruoba, S. B. (2006), ‘The Macroeconomy and the Yield
Curve: A Dynamic Latent Factor Approach’, Journal of Econometrics 131(1-2), 309-338.

Dolan, C. (1999), ‘Forecasting the Yield Curve Shape: Evidence in Global Markets’, The
Journal of Fized Income 9(1), 92-99.

Estrella, A. & Hardouvelis, G. (1991), ‘The Term Structure as a Predictor of Real Economic
Activity’, The Journal of Finance 46(2), 555-576.

Fabozzi, F., Martellini, L. & Priaulet, P. (2005), ‘Predictability in the Shape of the Term
Structure of Interest Rates’, The Journal of Fized Income 15(1), 40-53.



Hamilton, J. & Kim, D. H. (2002), ‘A Re-examination of the Predictability of Economic
Activity using the Yield Spread’, Journal of Money, Credit and Banking 34(2), 340-360.

Harvey, D., Leybourne, S. & Newbold, P. (1997), ‘Testing the Equality of Prediction Mean
Squared Errors’, International Journal of Forecasting 13(2), 281-291.

IMF (2013), ‘Global Impact and Challenges of Unconventional Monetary Policies’, IMF Policy
Papers .

Ishi, K., Stone, M. & Yehoue, E. (2009), ‘Unconventional Central Bank Measures for Emerging
Economies’, IMF WP 09/226.

Nelson, C. & Siegel, A. (1987), ‘Parsimonious Modeling of Yield Curves’, The Journal of
Business 60(4), 473-489.

10



Documentos de Trabajo Working Papers

Banco Central de Chile Central Bank of Chile
NUMEROS ANTERIORES PAST ISSUES
La serie de Documentos de Trabajo en version PDF | Working Papers in PDF format can be
puede obtenerse gratis en la direccion electrénica: downloaded free of charge from:
www.bcentral.cl/esp/estpub/estudios/dthbc. www.bcentral.cl/eng/stdpub/studies/workingpaper.

Existe la posibilidad de solicitar una copia impresa | Printed versions can be ordered individually for
con un costo de Ch$500 si es dentro de Chile y | US$12 per copy (for order inside Chile the charge
US$12 si es fuera de Chile. Las solicitudes se pueden | is Ch$500.) Orders can be placed by fax: +56 2
hacer por fax: +56 2 26702231 o a través del correo | 26702231 or by email: bcch@bcentral.cl.

electronico: bcch@bcentral.cl.

DTBC -731

Andlisis de Flujos en el Mercado Laboral Chileno
Gonzalo Castex y Roberto Gillmore

DTBC - 730

The Changing Nature of Real Exchange Rate Fluctuations. New Evidence for
Inflation Targeting Countries
Rodrigo Caputo, Gustavo Leyva y Michael Pedersen

DTBC-729

Prediccion del Empleo Sectorial y Total en Base a Indicadores de Confianza
Empresarial
Pablo Pincheira

DTBC - 728

Caracterizacion del Mercado Laboral en Chile y su Evolucion en los Ultimos 25 afios
Gonzalo Castex y Fabian Sepulveda

DTBC — 727

Learning About Commodity Cycles and Saving-Investment Dynamics in a
Commodity-Exporting Economy
Jorge Fornero y Markus Kirchner

DTBC - 726

Leverage Restrictions in a Business Cycle Model
Lawrence Christiano y Daisuke Ikeda



http://www.bcentral.cl/esp/estpub/estudios/dtbc
mailto:bcch@bcentral.cl
http://www.bcentral.cl/eng/stdpub/studies/workingpaper
mailto:bcch@bcentral.cl

DTBC - 725

The Elusive Predictive Ability of Global Inflation
Carlos Medel, Michael Pedersen y Pablo Pincheira

DTBC - 724

Foreign Shocks on Chilean Financial Markets: Spillovers and Comovements between
Bonds and Equity Markets
Marco Morales, Carola Moreno y Camilo Vio

DTBC - 723

Forecasting Chilean Inflation with International Factors
Pablo Pincheira y Andrés Gatty

DTBC - 722

Financial Frictions and the Transmission of Foreign Shocks in Chile
Javier Garcia-Cicco, Markus Kirchner y Santiago Justel

DTBC-721

GDP Forecasting Bias due to Aggregation Inaccuracy in a Chain-linking Framework
Marcus Cobb

DTBC - 720

Dynamic Dispersed Information and the Credit Spread Puzzle
Elias Albagli, Christian Hellwig y Aleh Tsyvinski

DTBC-719

The Typical Spectral Shape of an Economic Variable: A Visual Guide with 100
Examples
Carlos Medel

DTBC - 718

RER Appreciation after the Great Recession: Misalignment or Fundamental
Correction?
Rodrigo Caputo y Mariel Siravegna

DTBC - 717

Policy Design with Private Sector Skepticism in the Textbook New Keynesian Model
Robert King, Yang Lu y Ernesto Pastén



BANCO CENTRAL
DE CHILE

DOCUMENTOS DE TRABAJO e Julio ® 2014



