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Abstract

The term premium is estimated from an empirically coherent open economy

VAR model of the UK economy where the model speci�cally accounts for the mixed

nature of the data and cointegration between some variables. Using this framework

the estimated negative term premia for 1980-2007 is decomposed into its contribut-

ing shocks, where the role of in�ation and monetary policy shocks are shown to

be dominant in the evolution of the term premium. Projecting into the 2007-2008

crisis period reveals the extent of the shocks to the UK economy, and also shows

the similarities in term premia behaviour with those experienced during the 1998

Russian crisis, likely re�ecting the �ight to cash experienced in both crises.
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1 Introduction

The unusual lack of sensitivity of long term interest rates in major bond markets to the

large rise in US short rates during June 2004-June 2006 was famously described by the

incumbent Chairman of the Federal Reserve as a "conundrum". Explanations for this

phenomenon include the existence of the global savings glut, flight to quality and negative

term premia which held long term interest rates lower than expected. Although in theory

the term premium is simply the difference between a current long term rate and the

sum of expected short term rates prevailing over the same period, there is no single way

of constructing expectations for the short term rates. Methods offered in the literature

to derive term premia include surveys, empirical based models such as VAR, structural

approaches using DSGE models or the use of no-arbitrage term structure models. Term

premia estimates vary significantly across these different methods (see Rudebusch, 2007,

for an overview).

This paper addresses the important question of quantifying the extent to which macro-

economic shocks contribute to changes in term premia over time in a model consistent

fashion. Term premia are unlikely to remain constant in the face of changing economic

conditions, and depend on agents’expectations for future short term rates. They play

an important role in resolving the lack of empirical support for the pure form of the

expectations hypothesis; see Campbell and Shiller (1984), Fama and Bliss (1987).

We build a small open economy VECM model of the UK economy from which es-

timates of time varying term premia are constructed using an approach adapted from

Carriero et al. (2006). The path of the term premium can be decomposed into the

shocks to macroeconomic conditions contributing to its evolution over the sample period.

The results show the particular prominence of inflation and monetary policy shocks in

determining movements in the term premium over the past 20 years. By projecting the

model into the global financial crisis of 2007-2008 we provide an assessment of the ex-

tent of shocks affecting the UK economy during the crisis and the consequences for the

associated projection of the term premia during the crisis.

In a related paper, Bianchi et al. (2009) use a time varying coeffi cients VAR model for

the UK economy to estimate the term premia, where the VAR contains both observable

variables and latent factors. However, unlike Bianchi et al. (2009) the current paper

specifically recognizes the open economy structure of the UK economy, and improves the

interpretation of results by using observable macroeconomic variables rather than latent

factors. In this manner we follow Carriero et al. (2006), who emphasize the importance

of appropriate VAR specification in obtaining credible term premia estimates. Bianchi

et al. (2009) find a negative term premium for the UK with a fixed coeffi cient VAR,

but with a time varying parameter VAR they find that the evidence for deviations from

the expectations hypothesis are very subtle, in direct contradiction to the findings of a
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sizeable literature.

The paper contributes to a continuing literature on modelling the UK as a benchmark

small open economy, for example Dennis et al. (2007), Leitemo (2006), Ravn (1992) and

Beenstock and Longbottom (1981), and to the emerging literature on combining methods

of identification in VARmodels in Dungey and Fry (2009). In this model exclusion restric-

tions and cointegration are combined to identify the model, while maintaining empirical

coherence in the spirit of Akram and Nymoen (2009) who show the policy importance

of models providing good representations of the underlying data. The combination of

identification methods harnesses the empirical properties of the data, employing a mix

of I(1) and I(0) variables and identifying and recovering the effects of permanent and

temporary shocks.

The modelling output reveals a distinct decrease in the magnitude and volatility of

shocks to the UK economy post 1992, around the time of the introduction of inflation

targeting. This is consistent with the literature on the Great Moderation (Blanchard

and Simon, 2001) and the attribution of this to inflation targeting in Cecchetti et al.

(2006). While foreign demand shocks have had considerable impact on domestic output

fluctuations, consistent with many studies, the contributions of monetary policy shocks

to business cycle fluctuations are relatively small. Out of sample model projections for

2007 show that it performs reasonably well for output and interest rates. Projection into

the crisis period reveals the extreme nature of the shocks hitting the UK economy in

2008.

The term premia estimates for the period leading up to the financial crisis show a

time varying term premium which has tended to be negative over most of the period

since 1995, while punctuated by positive observations which can be casually associated

with events such as UK election dates. The decomposition from the model, indicates the

predominant influence of inflation and monetary policy shocks on the evolution of the

term premia over the sample, particularly evident since the move to inflation targeting. In

the crisis period model projections, shocks to monetary policy are particularly influential

in understanding the extent to which the term premium declined.

The paper proceeds as follows. In Section 2 we describe the details of the economic

model, explaining the contributions the approach makes to modelling the UK economy

via the combination of identification methods and describe the methodology to estimate

and decompose the term premium using model consistent forecast of long term interest

rates. In Section 3 we describe the precise empirical specification of the UK model, and

in Section 4 we present the estimation results, analyse the evolution of the economy up

to the financial crisis, and project the model into the crisis period to analyse the extent

of shocks during this period. In Section 5 we use the model to estimate the time varying

term premia, with particular focus on assessing the contributing shocks to the estimated

10 year premium both over the sample period, and during the projection into the crisis
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period. We offer the conclusions in Section 6.

2 Methodology

Our methodology draws upon the literature using VARmodels to derive model consistent,

risk-neutral expectations of long term interest rates (Carriero et al., 2006, Cochrane and

Piazessi, 2006) where at each date the VAR can be used to forecast the short rate over a

given horizon where the risk-neutral long-term rate and the term premium are calculated.

We extend the simple closed economy VAR structures used in these studies and model the

UK as a small open economy where the US is treated as the foreign economy and further

enhance the dynamics of the model by introducing an error correction term derived from

the cointegration relationship among the outputs of two countries and the real exchange

rate. By employing a mix of I(1) and I(0) variables and identifying and recovering the

effects of permanent and temporary shocks, we provide a better representation of the

underlying data for proxying the model consistent expectations of short run rates. Our

methodology allows us to further decompose the contribution of different shocks to the

forecast error variance of the term premia. A detailed description of the methodology

follows.

2.1 VAR Identification

Suppose that the economy is described by a VAR(p) model of the form

A(L)yt−l = ut (1)

where yt is a (n× 1) vector of observable variables, A(L) are (n×n) parameter matrices,

L = (I − L1 − L2...Lp), and ut is an (n × 1) vector of unobservable error terms with

ut ∼ (0,Σu).

Assuming that all the variables are at most difference stationary the generic model

can be written as a VECM of the form

B0∆yt = Π∗yt−1 +B(L)∆yt−l + εt, (2)

where B0 is a matrix of contemporaneous interactions, the B(L) are (n× n) matrices of

short run dynamics parameters, L = (L1 + L2...Lp), Π∗is the structural matrix and εt is

a (n× 1) structural form error with zero mean and covariance matrix IK .
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Assuming that the B0 is invertible, equation (2) can be written as

∆yt = Πyt−1 + Γ(L)∆yt−1 + ut, (3)

where Πt = B−10 Π∗, Γ(L) = B−10 Γ(L) and ut = B−10 εt. When Π has a reduced rank such

that rank(π) = r < n then Π = αβ
′
where β is a (n× r) matrix of long run relationships

and α.is a (n× r) matrix of the "speed of adjustment" coeffi cients and ut is a white noise
error with zero mean and covariance matrix Σu.

In this paper identification is achieved by combining simple exclusion restrictions on

B0 and Γ(L) with the insights of Pagan and Pesaran (2008) whereby the existence of

cointegration among the I(1) variables of the system provides extra identifying restric-

tions.1

Equation (3) has the following Beveridge-Nelson Moving Average (MA) representation

(see Lutkepohl 2004 for details).

yt = F
t∑
i=1

ui +
∞∑
j=0

F ∗j ut−j + y0, (4)

where the matrix F = β⊥(α′⊥(In −
∑p−1

i=1 Γi)β⊥)−1α′⊥ and y0 contains the initial values.

With r cointegrating vectors the rank of F is n − r and there are n − r independent

common trends. The long run effects of shocks are represented by the first term in

equation (4), F
∑t

i=1 ui which captures the common stochastic trends. The second term

in the expression is an infinite order polynomial with coeffi cients F ∗j going to zero as

j →∞ thus representing transitory shocks to the system. The common driving stochastic

trends are the variables α′⊥
∑t

i=1 ui where their factor loadings are given by β⊥(α′⊥(In −∑p−1
i=1 Γi)β⊥)−1. Replacing ut’s by their structural counterparts we obtain

yt = F
t∑
i=1

B−10 εt +
∞∑
j=0

F ∗j B
−1
0 εt−j + y0, (5)

where the effects of short and long run structural shocks can be obtained. The long run

effects can be captured by FB−10 which has a rank n − r since rk(F ) = n − r and B0
is not singular. Therefore, while r of the structural shocks have transitory effects, n− r
of them will have a permanent effect and can be restricted to zero providing r(n − r)

independent identifying restrictions.

1The combination of identification restrictions in VAR models is explored in Dungey and Fry (2009).
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Using a Wold decomposition, ∆yt can be written as

∆yt = C(L)ut = C(L)B−10 εt, (6)

where C(L) is a polynomial of order q in the lag operator. Assuming that the first (n−r)
shocks are permanent (ε1t) we can write ∆yt as

∆yt = C(L)B−10

ε1t
ε2t

 . (7)

For the remaining shocks ε2t to be transitory requires

FB−10

0(n−r)∗r

Ir+k

 = Fα = 0 (8)

which implies that α1 = 0, where α1 is the (n− r)× r matrix of adjustment coeffi cients
for the I(1) variables that give rise to the permanent shocks driving the cointegrating

relationships (see Pagan and Pesaran, 2009. for details). An important implication of

this result is that it precludes the use of error correction terms in equations that define

the permanent shocks.

Using (7) the permanent component of Yt can be written as

∆ypt = FB−10 εt. (9)

Given (9) and following Dungey and Pagan (2009) equation (3) can be written in

"gap deviation" form ỹt = yt − ypt as the following

B∗(L)∆ỹt = α∗β′yt−1 − Σp−1
j=1B

∗
j∆y

p
t−j +B−10 εt (10)

where α∗ = B−10 α. Since the gap variables are correlated with both the error correction

terms and the changes in permanent components, exclusion of error correction terms will

result in misspecification (see Dungey and Pagan, 2008, for more details). Therefore

the conventional use of output gap will be replaced by the differenced output together

with the corresponding error correction term for this variable, see also Karam and Pagan

(2008).
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2.2 Estimating the Term Premium

While the level of short term interest rates is directed by the monetary authorities,

aggregate spending decisions by households are heavily influenced by fluctuations in long

run interest rates, particularly via the mortgage markets. This link between the short

and the long run interest rates is crucial for successful monetary policy.

The expectations hypothesis plays a central role in the transmission mechanism across

the term structure. The general form of the expectations hypothesis states that the n

period interest rate is an average of the current short rate and the future short-term rates

expected to hold over the holding period of the long-term asset plus a constant term

premium that varies with maturity. That is,

rn,t =
1

n

n−1∑
i=0

Etrt+i + tpn,

where rn,t is the nominal yield to maturity of an n period bond at time t, rt is the

one-period rate, n is the maturity period, Et is the expectation operator and tpn is

the term premium that can be considered as an excess yield that investors require as

compensation for holding longer term bonds. The empirical validity of this form has

been widely rejected. A possible alternative explanation includes a time varying premia

such as

rn,t =
1

n

n−1∑
i=0

Etrt+i + tpn,t, (11)

where tpn,t is the term premium that varies across time and maturities. Rewriting Equa-

tion (11) for the term premium yields

tpn,t = rn,t −
1

n

n−1∑
i=0

Etrt+i

which shows that the term premium depends on agents expectations for the short term

rate across n periods into the future.

Several techniques have been proposed in the literature to derive a proxy for the expec-

tations of future short rates; see Rudebusch (2007) for a summary. A rather qualitative

approach involves asking people directly about their expectations of the future interest

rates by means of surveys. Despite its simplistic appeal, the uncertainty surrounding the

possible responses especially for long horizons makes this method diffi cult to implement

in practice. In fact, surveys of this kind do not exist for most countries, including the UK.

Similar to the method proposed by Carriero et al., we use the SVECM model described

above to proxy for the model consistent expectations of future short run rates, the first

term on the right hand side of equation (11), thereby calculating the long horizon term
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premia.

2.3 Decomposition of the Term Premium

As the term premium is made up of projections from the VAR model, it can consequently

be analysed in terms of its component shocks. Consider that the interest rate can be

expressed as a moving average process from the VAR

rt = ΣT
i=1C̃iεt−i

showing that the interest rate at each point in time is a weighted combination of shocks,

with the weights provided by the impulse response functions. The decomposition of the

term premium at each point in time reflects two sources of new information; information

from changes in parameter estimates as well as the changes in the perception of old

shocks. Under the assumption that the model parameters are stable over time, which is

supported by recursive estimation in our application, we attribute the new information

to changes in perception brought about by the macro shocks.

3 Model Specification and Estimation

The basis of the model conforms to a standard empirical modelling framework of an open

economy IS curve, a Phillips curve, monetary policy reaction function and an exchange

rate relationship. The model contains 5 variables: log foreign output, y∗t , log domestic

output, yt, domestic inflation πt, the short run domestic interest rate, rt and the log real

exchange rate, qt, defined in units of domestic currency per unit of foreign currency. The

foreign economy is taken to be the US, primarily because it represents world economic

conditions and world financial conditions2. Data definitions and relevant sources are given

in Appendix 1. Figure 1 plots the variables for the sample period of 1980Q1 to 2007Q4.

As is by now well-known Augmented Dickey Fuller tests show that foreign and do-

mestic outputs, as well as the real exchange rate are unit root processes (test results are

shown in Table 1). The inflation rate is stationary. Formal tests of the domestic interest

rate cannot reject the existence of a unit root. However, the fact that the interest rate is

the policy instrument of the Central Bank in combating inflation, makes it reasonable to

follow the majority of the VAR literature and assume that they are stationary but highly

persistent.

2Sensitivity analysis to using Euro Area data to represent world conditions produced similar results.
An important future extension is to allow jointly for both Euro Area and US influences on the UK.
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3.1 Cointegrating Relationships

The presence of unit roots in y∗t , yt and qt raises the possibility of cointegration among

the three variables. Theoretically this supports an open economy IS curve, or traditional

models of the equilibrium exchange rate such as the Mundell-Fleming model where the

equilibrium exchange rate is a function of the current account balance, which in turn

depends on exports and imports which are functions of the domestic and foreign outputs.

The estimated long run relationship between the three variables for the sample period,

normalized around the domestic GDP is given by

yt = 4.7148 + 0.8501y∗t + 0.0355qt + eyt,

where eyt is the residual from the equilibrium regression.3 The DF test statistic rejects

the null of a unit root in eyt with a test statistic of −2.24 and a p-value of 0.02, con-

firming a cointegrating relationship between the three variables4. The time profile of the

equilibrium error, eyt is displayed in Figure 2.

The next step in estimating the SVECM is to determine the lag length for the un-

restricted VAR. The results obtained from the application of three different lag order

selection criteria are reported in Table 2. All computations are carried out over the

whole sample period and the maximum lag length is chosen as 4, consistent with quar-

terly data. While the Akaike Information Criteria (AIC) point to a lag length of 4, the

Schwarz criterion (SC) and the Hannan-Quinn (HQ) criteria favor a lag order of 1 and 2

respectively. We use a lag length of 2 for the VAR in first differences in order to avoid

overfitting the model while allowing for enough dynamics to capture the correlations in

the data.

3.2 Exclusion restrictions

The ordering of the contemporaneous relationships in the VAR is typical of small open

economy specifications. The most exogenous variable is foreign output, and the most

endogenous is the real exchange rate. Between those domestic output is followed by

domestic inflation and the monetary reaction function, in an approach similar to that

proposed in standard macroeconomics texts, see Bayoumi and Swiston (2009).

The contemporaneous interaction between the reduced form (ut) and structural resid-

3Mills and Pentescot (2003) find no relationship between the real GDP of the UK and the US and
the real exchange rate for 1973-1999, but this may be confounded by the change in exchange rate
arrangements over their sample period.

4Johannsen test that includes constant and trend gives a pvalue of 0.09.
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uals (εt), are given by the B0 matrix which is specified as follows



1 0 0 0 0

� 1 0 0 0

0 � 1 0 0

0 � � 1 0

� � � � 1





uy∗t

uyt

uπy

urt

uqt


=



εy∗t

εyt

επy

εrt

εqt


(12)

where εy∗t , εyt , επt , εrt and εqt are the structural residuals, the foreign output shock,

domestic technology shock, domestic supply shock, domestic monetary policy shock and

the real exchange rate shock respectively. The �′s denote unrestricted elements.
The set of restrictions defined in equation (12) follow several considerations regarding

the structure of the model. First, in line with the small open economy assumption, the

foreign economy does not respond to the current values of domestic variables. More

importantly, the international linkages apply only through output with no direct linkages

through inflation and interest rates, reflecting a New Keynesian IS curve. The monetary

authority sets the interest rates with respect to current values of output and inflation.

Finally the real exchange rate equation reacts to all of the variables contemporaneously,

reflecting the fact that exchange rates are forward looking variables, Kim and Roubini

(2000). The lag matrices have a similar structure with additional dynamics

BL(L) =



� 0 0 0 0

� � � � �

0 � � 0 �

0 � � � 0

� � � � �


The identification of the transitory and permanent shocks follows several considera-

tions. The existence of 1 cointegrating vector among the three I(1) variables indicates

that there are 2 shocks with permanent effects and 1 shock with a transitory effect. The

shocks to the inflation (πt) and the interest rate (rt) are also transitory since they are

stationary processes. We associate the permanent shocks to domestic output (yt) and

foreign output (y∗t ) as the two permanent shocks and the real exchange rate shock (qt) as

the transitory one. This is consistent with a somewhat different technology shock applied

to each economy, as recently supported for the US and the Euro Area by Uhlig (2009).

The α matrix is specified by excluding error correction terms for permanent shocks as
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explained in the previous section. The cointegrating vector β, which is normalized around

domestic output, is augmented to include two pseudo-cointegrating vectors. The first two

rows refer to the permanent shocks yt and y∗t . The speed of adjustment coeffi cients for

the single cointegrating vector placed in the first column and second and third columns

refer to the two I(0) variables, πt and rt. These variables are written in first difference

forms as xt = ∆xt+ Ψxt−1 with the pseudo-ecm terms representing the coeffi cients of the

lagged level terms inΨ. The resulting α and β matrices are defined as

α =



0 0 0

0 0 0

0 � 0

0 � �

� � �


β =



� 0 0

1 0 0

0 1 0

0 0 1

� 0 0


.

Given the specification of α and β matrices, the corresponding orthonormal compo-

nents α⊥ and β⊥ can be calculated which leads to the following long run impact matrix

The third, fourth and the fifth zero columns correspond to the transitory shocks.

J =



� 0 0 0 0

� � 0 0 0

0 0 0 0 0

0 0 0 0 0

� � 0 0 0


(13)

4 Empirical results

The residual series obtained from the estimated model and the corresponding covariance

matrix are depicted in Figure 3 and Table 3 respectively. It is evident that the size of

the shocks has been smaller in magnitude after the inception of the inflation targeting

regime in 1992. The correlations across the shocks are low as shown in Table 3.5. The

results of the recursive estimation tests for model equations do not show any evidence of a

structural break during the sample period and can be provided by authors upon request.

5Given the zero restrictions in lag matrices B(L) in the specification orthogonality is not strictly
imposed by estimation. In addition to the terms that appear in the above equations, dummy variables
are included to control for distortions to inflation due to temporary factors such as indirect tax changes
and price controls during 1991-92 period. All estimations are undertaken in Matlab.
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4.1 Impulse Response Analysis

The rows of Figure 4 give the impulse responses for each variable to one standard error

shocks, where bootstrapped one standard error bands are shown with dashes. The small

open economy assumption is represented by the lack of response in foreign output to any

domestic shocks (rows 2 to 5 of column 1 in the figure).

A positive (permanent) foreign output shock (row 1) increases domestic output on

impact, which subsequently stabilizes around its new level after 1 year. Domestic inflation

peaks around the same time as a result of the higher domestic demand. Consequently, the

monetary authority raises nominal interest rates, resulting in higher real interest rates,

stabilizing inflation and output in the medium and long term. The permanent nature

of the shock causes relatively long lived responses in endogenous variables. The highly

persistent real depreciation of sterling in response to the foreign output shock reflects the

larger increase in foreign than domestic output, but does not reflect UIP.

The impulse responses to a positive domestic output shock (row 2) are similar to those

just discussed, but the higher real interest rate induces a permanent appreciation of the

real exchange rate. The higher interest rates and appreciated domestic currency help to

stabilize domestic output around 1 year after the initial shock.

The impulse responses to a positive supply shock (row 3) show a tightening in mone-

tary policy via higher nominal interest rates in response to higher inflation which results

in lower output. The real exchange rate appreciates on impact then depreciates. The

responses to a positive monetary policy surprise (row 4) is also as expected where higher

interest rates increase marginal cost for the producers and output declines. We observe

an initial price puzzle where the inflation picks up slightly but the effect is not significant.

Inflation then declines and gradually stabilizes in the medium term. Given that the US

interest rates are unchanged, higher domestic interest rates causes a real appreciation of

the domestic currency which reduces output through its negative impact on exports.

4.2 Historical decompositions

Historical decompositions reflect a rearrangement of impulse response coeffi cients into a

history of contributing shocks to observed outcomes. The first column in Figure 5 shows

the 5 contributing shocks to the evolution of domestic GDP over the sample period.

While own shocks are dominant, foreign output shocks have played a distinct role. The

contribution of domestic output shocks was mostly positive before the period of inflation

targeting but suffered a substantial drop associated with the early 1990s recession and

the start of inflation targeting at the end of 1992. Consistent with the existing literature

monetary policy shocks have not played a significant role in explaining the total variation

in real GDP; see also Mountford (2005).
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The second column in Figure 7 shows the historical decomposition of inflation. While

again own shocks have been the main determinant of the total variation in UK inflation,

domestic output shocks had a slight impact.

Finally the last column in Figure 7 shows the historical decomposition of the domestic

interest rates. Inflation shocks have been the major contributor. Prior to the switch to

inflation targeting inflation shocks were primarily positive, tending to increase the interest

rate. Post 1992 there is more evidence of inflation shocks contributing to lower interest

rates. Domestic output shocks also had a positive impact on interest rates during 1980-

1992, with a noticeable dip at the time of the early 1990s recession, but relatively little

influence since.

4.3 Assessing shocks in 2007-2008

In this section we use the model to shed some light on the relative magnitude of the

adverse shocks to the UK economy during the crisis period of 2007-2008. To establish

the credentials of the model we first conduct an out-of-sample forecasting exercise based

on the model estimated for the period 1980Q1-2006Q4, prior to the crisis, and project it

onto the following 4 quarters between 2007Q1-2007Q4.

The first column of charts in Figure 8 shows the forecasts of GDP, inflation and interest

rates for the period 2007Q1-2007Q4. The model is able to track the actual dynamics of

GDP reasonably well during 2007. The estimated average annual growth rate is projected

as 2.5 per cent during which the corresponding OECD estimate was 5.2 per cent. The

forecasts for inflation and interest rates also track the dynamics relatively well.

Next, we forecast the next four quarters between 2008Q1-2008Q4 from the model

estimates reported in previous sections (to 2007Q4), a period in which the effect of the

financial crisis is more pronounced. These forecasts are compared with actual data to

judge the divergence between them. The resulting charts are given in the second column

in Figure 8. The results are striking and give an idea of the extent of the adverse shock

that hit the UK economy during the financial crisis. The model is not able to reflect the

negative growth rates observed during 2008 and projects a modest growth rate of around

0.5 per cent throughout 2008. The model projected a slight decline in inflation during

2008, but not the extent of volatility induced by the crisis shocks.

Finally the last figure in the second column shows the results for the short term

interest rates where we also observe a huge discrepancy between the actual and forecast

values throughout 2008. The sharp decline in policy rates in response to the contraction

in demand is evident in the figures. Overall the results point out to the severity of the

adverse shock experienced by UK economy where the outcomes cannot be forecast using

aggregate historical relationships alone.
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5 The Term Premium

This section uses the model estimated in the previous sections to estimate the term

premium via a recursive forecasting exercise where at each point in time the model is

estimated and short term interest rates projected out-of-sample up to the nth-period

ahead. Model estimation begins for the sample 1980Q1-1995Q4 after the inception of the

inflation targeting regime in 1992 and uses the estimated coeffi cients to forecast short

run rates for 10 year horizon. The forecasts of short-run rates over the holding period of

the long-term bond are averaged thereby obtaining series of expected long run rates for

various maturities over the period 1996Q1-2007Q4. Given that these estimates depend

only on observed values of the macroeconomic variables, long-term and short-term rates,

they are interpreted as reflecting the market’s expectation for the future short-term rate.

The difference between the actual and the predicted values for 10 year government yields

then gives the associated term premium.

Figure 6 shows the 10 year term premium calculated as the difference between the

actual and predicted interest rates for the 10 year bond for the period 1996Q1-2007Q4.

Consistent with the results in Bianchi et al. (2009) the term premium is estimated to be

negative for a considerable portion of the sample, but the current results do not display

the persistent downwards trend of Bianchi et al.’s less preferred fixed coeffi cients VAR

model. While the Bank of England’s independence in 1997 played an important role in

reducing the risk premium demanded by investors, the Russian crisis and general elections

of 2001, 2004 and 2005 seem to have played an opposite role.

From the perspective of the model, the overall outcome may be explained as follows.

The negative term premia estimated for the sample period show that the model system-

atically over predicts the 10 year rates, computed by averaging the forecasts of short-term

interest rates over the forecast horizon. Given the uncertainty surrounding the estimates

over the l0 year horizon, this can be partly explained by the forecast inaccuracy inherent

in the forecasts. On the other hand this is also an indication that the model is excluding

an important determinant of interest rates that was relevant during the forecast period.

In this respect it is possible that the model is unable to capture the positive confidence

boost induced by the decision to grant operational independence to the Bank of England

in 1997, which in our view is an important contributor to the negative term premia ob-

served during this period. Therefore the systematic forecast errors can be explained by

the behaviour of agents making large and persistent forecast errors following a policy rule

change while they learn about the new policy framework (Fereder and Shadbigian, 1993,

Ellingsen and Söderström, 2001).

From this perspective, the sign and the magnitude of the term premia obtained from

any particular model will simply be dependent on the forecast ability of that model and

consequently the models with the best in sample forecast accuracy will yield the lowest
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premia. Bianchi et al. (2009) compare term premia estimates from a factor augmented

fixed coeffi cient model and a time varying VAR supported with Bayesian priors. While

the fixed coeffi cient VAR produces negative term premia similar to our findings, the

estimates obtained from the time varying VAR model finds extremely small term premia,

implying that the modelling framework where parameters are flexible is able to fit the

data extremely well using only factors and macroeconomic data.

5.1 Decomposition of the Term Premium

Figure 7 shows the historical decomposition of the term premium during 1995Q4-2007Q4.

It is evident that the majority of the dynamics are driven by negative shocks in inflation

and interest rates. The relationship between the interest rate and term premium reflects

the positive association with the level of short-term interest rates in Kessel (1965), al-

though the motivation here is not that short-term securities are better money substitutes

and therefore preferred over longer horizon securities as in Kessel, (see Pesando, 1975 for

details) but rather reflects the inability of the model to forecast changes in the levels of the

interest rates using only macroeconomic fundamentals. That is changes in expectations

are important.

Although interest rates contribute substantially to the term premium in the estimation

period, in general the largest contribution has been through negative inflation shocks.

This is most evident in the period of 2000-2002, coincident with the burst of the dot-com

bubble and associated economic slowdown. Expectations about future inflation paths are

clearly influential on revisions to the term premium in the model, as would be expected.

5.2 The Term Premium in 2008

Using the macroeconomic forecasting framework previously described in Section 4.3 we

can also decompose the corresponding forecast of the term premium. The forecast for

2008 is given as the final four observations for the solid black line in Figure 9. It is evident

that the term premium drops considerably in 2008. Interestingly the extent of the drop

in the term premium in this crisis period is quite similar to the strongly negative term

premium experienced in the crisis associated first with the Russian default of August

1998 and the subsequent near collapse of the US based hedge fund, Long-Term Capital

Management.

Figure 9 also shows the decomposition of the shocks of the term premium, including

for the forecast. In this case, static forecasting was used, so that the lagged interest rates

in particular were replaced with their actual values as the one period forecast advances.

Without this it is clear from the interest rate forecasts presented in Figure 8 that the

extent of the interest rate shocks cannot be captured from the model. Once this is taken
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into account Figure 9 reveals the dominant role of the sharp drops in interest rates during

the 2007-2008 crisis to the drops in the term premium. The sharp negative drop in term

premium during the crisis is likely to be associated with an overwhelming investor rush

to short-dated quality securities (cash), reflecting great uncertainty about longer dated

securities. This was also a feature of the 1998 crisis; see for example Dungey, Goodhart

and Tambakis (2008) and Upper and Werner (2002). Interestingly, despite this, output

shocks are contributing positively to the term premium, indicating that in fact given

the conditions in the economy, output held up more resiliently than would have been

expected. Inflation shocks did not make a particular contribution to the term premium,

which arguably reflects the expectation that the credibility of the inflation targeting

policy of the central bank was not threatened by the crisis events.

6 Conclusion

This paper contributes three new aspects to the literature. The primary result is estima-

tion of the term premium from a fully specified small open economy VAR model which

we show can be used to decompose the changes in the term premium to contributing

shocks in macroeconomic conditions affecting the underlying expectations of economic

agents. The second contribution is the specification and estimation of a VAR model of

the UK economy, combining identification by exclusion restrictions and cointegration to

incorporate data of mixed I(0) and I(1) nature and permanent and temporary shocks in

an empirically consistent manner. Finally, the estimated framework for the UK to 2006

is used to project into the recent financial crisis period, quantifying the extent of the

shocks hitting the UK economy and the impact of these shocks on the term premium.

The dominant role of inflation and interest rate shocks in explaining the UK term

premium is supported by the results. When estimated for the period 1980Q1 to 2007Q4

the model highlights the role of the transition to inflation targeting after 1992 as an

important change in the UK economy, where a number of shocks become markedly less

volatile after this point. Projections from the model are used to estimate a time varying

term premium for the UK yield curve, and reveal a persistently negative term premium

over the majority of the period. The evolution of the term premium is shown to be mainly

influenced by shocks originating from interest rate changes and most importantly from

inflation. Although the model performs well in projecting into 2007, the extent of the

shocks hitting the UK economy in 2008 is demonstrated by the extraordinary deviation

of the model projection from the actual data in 2008. The forecasting framework is used

to show that the current crisis has similarities with the 1998 Russian crisis in that it

resulted in a substantial widening of the negative term premium, which we attribute to

flight to cash in uncertain times.
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Appendix: Variable Definitions

Data definitions Definition Source

y∗ log Real GDP VOL constant 2000 prices, National Currency IFS(99B.RZF)

y log Real GDP, constant 2006 prices, National currency OECD Database

π UK CPI, % Change per annum. IFS (64..XZF )

r UK Treasury Bill Rate, % per annum IFS(60C..ZF)

q 100 times the quarterly average of the £ UK/$US

nominal exchange rate and the ratio of UK:US CPI IFS, Datastream

r10 10 Year Government bond yield, % Bank of England website
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TABLE 1

Augmented Dickey Fuller unit root test

Levels y y∗ π r q

TS -2.59 -3.02 -4.01 -2.40 -2.94

CV (5 %) -3.45 -3.45 -2.89 -2.89 -3.45

Unit Root + + - + +

First Diff. d(y) d(y∗) d(π) d(r) d(q)

TS -4.57 -4.16 -6.32 -8.80 -8.23

CV (5 %) -2.88 -2.88 -2.88 -2.88 -2.88

Unit Root - - - - -

Note: The lag lengths are selected based on AIC. The maximum lag length is set to 4.The ADF

statistics for all level variables are based on regressions including constant and linear trend except the

inflation and interest rate which include constant only.

TABLE 2

Lag selection criteria

Lag length AIC SC HQ

0 0.38 0.51 0.43

1 -14.56 -13.81* -14.26

2 -14.88 -13.51 -14.32*

3 -14.76 -12.78 -13.96

4 -15.11* -12.50 -14.05
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TABLE 3

Residual correlation matrix

uy∗ uy uπ ur uq

uy∗ 1.00

uy 0.00 1.00

uπ -0.08 0.00 1.00

ur 0.09 -0.02 0.05 1.00

uq 0.00 0.00 -0.08 0.00 1.00
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Figure 1: Variable Plots
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