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1. Introduction

In contrast to the vast amount of studies on the nominal term structure models (see, e.g., Dai and Singleton (2002), Ang et al.
(2006), for a survey), there are few studies in the literature estimating term structure models of real interest rates. This may be attrib-
uted to the lack of availability of real interest rate data, for different maturity intervals. Estimating real term structure models is useful
for two main reasons. First, it can indicate the number of state variables underlying this term structure of interest rates and it can re-
veal their mean-reverting properties and associated prices of risk. The results of this analysis can be compared to those on the nominal
term structure of interest rates. Second, it can explain if the real term structure contains important information about future real con-
sumption growth.

The information content of the real term structure of interest rates about real consumption growth has been studied in a number of
studies in the literature (see, e.g., Harvey (1988), Plosser and Rouwenhorst (1994), Chapman (1997), Rendu de Lint and Stolin (2003),
Berardi and Torous (2005), and Tsang (2008)).! These studies show that the term spread between long and short-term real (or nominal )
interest rates appears to contain information about future real consumption growth and economic activity, at short or long horizons. As
noted by Harvey (1988), this information of the term spread can be attributed to the desire of investors to smooth their consumption
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over time. This is consistent with the predictions of the consumption capital asset pricing. In addition to the term spread, evidence
reported in the above studies suggests that the level of real short-term real interest rate also contains significant information about
the future real consumption growth.

This paper contributes into the above literature on many fronts. First, using real consumption and term structure interest rate data,
instead of nominal, it estimates an empirically tractable Gaussian dynamic term structure model and derives estimates of the under-
lying unobserved state variables (factors) spanning the term structure of real interest rates. Then, it examines if this model fits satis-
factorily into the data and tests its cross-section restrictions implied by no-profitable arbitrage conditions in the bond market. This is
done based on an econometric framework, which apart from real interest rates and excess holding period returns, it also includes con-
sumption data. Second, it employs the suggested term structure model to investigate if the short-term real interest rate and its spread
with a longer term real interest rate can predict future real consumption growth, over different horizons ahead. To this end, the paper
derives closed form formulas of the slope coefficients of the above variables in consumption growth regressions.

The results of the paper lead to a number of interesting conclusions. First, they show that our term structure model is consistent
with the data, which provides support of the consumption smoothing hypothesis. Second, they indicate that there are two state var-
iables (common factors) which can explain almost all of variation of the term structure of real interest rates. These variables are closely
related to the first two principal component factors that can be retrieved from real interest rates. The parameter estimates of our
model indicate that shocks to the above state variables are mean-reverting and the risks associated with them are priced in the mar-
ket. The mean-reversion property of the state variable processes can consistently explain the information context of the short term
real rate and its spread with a longer term real interest rate about future real consumption growth. Time-varying term premia effects,
which reduce the speed of mean reversion of the state variables under the risk neutral measure, are not found to be big and enough to
obscure the information context of real term structure about future interest rates and consumption growth rate.

The paper is organized as follows. Section 2 presents our real term structure of interest rate model and derives closed form solu-
tions of the slope coefficients of the consumption growth regression model, employed in the literature to forecast future real con-
sumption growth. Section 3 estimates this model and evaluates its forecasting ability on real consumption growth. This section
includes unit root tests and principal component analysis for real interest rates. The unit root tests can confirm if real interest rates
constitute stationary series, as it is assumed by affine term structure models. The principal component analysis can indicate the num-
ber of unknown state variables which should be assumed by the model. Our empirical analysis is based on data from the US economy.
Section 4 concludes the paper and summarizes its main results.

2. Model setup

Consider an economy with production and stochastic investment opportunity sets (see, e.g., Cox et al. (1985a, 1985b), or Longstaff
and Schwartz (1992)). The investment opportunity set consists of zero-coupon bonds of different maturity intervals 7, a riskless asset
and a stochastic production process. We assume that this economy is characterized by K-state variables at time t, denoted as x;,
stacked into a (K x 1)-dimensional vector X; = (X2, ..., Xk:)'. These variables obey the following vector Gaussian processes’:

dX, = k(0—X,)dt + 3dW,, (1)

where W, denotes a (K x 1)-dimensional Wiener vector process, k and . are (K x K)-dimension matrices including in their diagonals
the speed of mean-reversion and volatility parameters of processes x;, denoted respectively as k; and 03;, and 6 is a (K x 1)-dimensional
vector of the long-run means of x;.

The instantaneous real interest rate r; is assumed to be affine in the state vector X,, i.e.,

re =80 + 61X, 2)

where & is a constant and 6, is a (K x 1) vector of loading coefficients, 6; = (61,1, 61,2, ..., 61,¢)’. These state variables constitute
common factors which determine real consumption C, or its growth rate, in the economy. If inflation rate is constant, it can be proved
that real consumption growth dc—crf obeys the following stochastic process:

dc,
= (Zhx—c)dt + 0w, 3)
t

where c is a constant which depends on inflation rate and the proportion between consumption and wealth, and W, is a Wiener
process.> By solving forward Eq. (3), it can be shown that the expected growth rate of consumption C; from current period t to a future

2 See also Vasicek (1977), Dai and Singleton (2002), Ahn (2004), Berardi and Torous (2005).
3 Note that the above assumptions about the instantaneous real rate r, and real consumption growth rate dci,' (see (2) and (3), respectively) imply that there is a linear
relationship between them as is predicted by the SDF model, e.g., for a power utility function, see Cochrane (2000).
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