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Abstract
The term spreads, understood as the difference between long and short term rates,
have strong predictive power to forecast economic recessions in the short–run. This paper explores the interconnection of term spreads across different economies and finds a
strong positive correlation which is increasing along time and a clear formation of clusters,
identified by means of a Principal Component Analysis. Moreover, it was found how an
increasing number of Granger–causality in–degree connections may be associated with a
higher crises vulnerability in the short–run, in this sense a term spread which takes into
account external yield curves may be more prone to future recessions. Additionally, the
model diagnosis reveal the network structure as a statistical significant covariate, yielding an improvement with respect to the benchmark models existent in the literature.
Moreover, an advancement in the forecasting power of foreign spreads is suggested and a
channel through which smaller economies may possibly affect the term spreads of their
larger counterparts was found, in particular for the European Union.
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Introduction

Since the financial crisis of 2007–2008 there has been an increased attention to early warning
signals that would enable Central Banks to properly respond to changes in the economy. The
term spread, defined as the difference between long term yield rates and short term yield rates
of government securities, is one of such key monetary gauges that enable policy makers to
maneuver smoothly in the presence of rational expectations of investors. Anecdotal evidence
by Bauer and Mertens (2018) suggests that every recession in the US economy for the past
sixty years was preceded by a negative term spread, that is, by an inverted yield curve. The
term spreads between long and short term securities are included in the lists of key economic
indicators by Stock and Watson (1989), The Conference Board, and the Federal Reserve Bank,
which considers six yield spreads as measures of the degree of financial stress in the markets.
A complete list of indicators is available in the Appendix of this paper. Consequently, the
spread between yield rates can be combined with other key economic indicators to derive a
powerful predictor of future economical activity. It is worth to mention that both short and
long term rates are available in real–time, offering an unparallel advantage over most key
economic indicators which are based on monthly and quarterly observations.
This paper presents a probit model where the dependent variable is the presence or absence
of a recession. The state of the economy is defined by the Harding Pagan (2002) procedure
practiced on the real Gross Domestic Product constructed from data provided by the OECD
Statistics Department. The term spread is constructed using the 10–Year and 3–Month interest
rates are taken from Treasury securities and calibrated with monthly observations. Moreover,
the external shocks arising from oil and energy markets were isolated from the term spread
by applied a first–step regression, providing orthogonal residuals which were employed in an
empirical framework to measure the interdependence across term spreads of different countries
over time. Employing a Principal Component Analysis and a hierarchical correlation clustering
it was found how the behaviour of the term structure reflects dynamics that can be assembled
into groups by identifying common factors which drive the co–movement of the time series.
There are two main finding encompassed in this paper, being the first one a statistically
significant effect of the term spread to forecast future economic activity in the short–run. Under
a rational expectations scheme, whenever a Central Bank targets inflation in a ‘more strict’
sense, i.e. where the Taylor Rule is applied, a higher weight is accommodated to the term
structure as a predictor of the policy rule making. The second result sheds light on how an
increasing interconnectedness may be associated with a higher vulnerability to economic crises,
where the interconnectedness may be measured as the number of in–degree Granger–causalities
experienced sustained by the term spread of a country.
The present work continues by describing in a summarized way the mechanisms of monetary
policy in section 2, placing an emphasis in the essential components of macroeconomic models
and encompassing a wide literature review. Section 3 details the statistical methods that are
occupied in the model derivation, calibration and diagnosis. Moreover, this section shows
graphical evidence of the main results and the model specification. Section 4 comprises the
2

summary of results, diagnosis reports and visual aid in the form of graphical networks, the
asymmetry in the degree of connectedness, correlation plots and the evolution in the number of
connections. At last, the conclusion of the current work encompasses the general and secondary
findings while interpreting the roles of term spreads and the network components in the endeavor
of short–run recession forecasting under a New Keynesian approach and asserts the precautions
and drawbacks of using this model, while calling for further research in the interconnectedness
of term spreads across economies.
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Literature Review

John Maynard Keynes developed the Liquidity Preference Theory, where investors demand
higher interest rates for securities with long–term maturities with respect to short–term financial
instruments. Following, the most common scenario for interest rates and yield curves is an
increasing return with respect to time r1 < r2 < ... < rτ , giving as a result a strictly positive
future interest rate τ −1 rτ > 0 for any τ ∈ {1, 2, ..., t}. Nevertheless, it is not uncommon to see
the yield curves flatten or even invert their shape, making the relation r1 < r2 < ... < rτ invalid
and not necessarily true. Whenever a case like this prevails, the future interest rate τ −1 rτ is no
longer assumed to be strictly positive; such a phenomenon is a deviation from the otherwise
acceptable Liquidity Preference.
Estrella and Hardouvelis (1991) studied the aforesaid deviations and found empirical evidence that strongly supports the difference between short and long term rates as indicators for
future economic output in the short-run. The authors proposed a probit model with quarterly
data frequency in order to forecast future economic activity as a function of the spread between
long rate an short rate interest rates and found a positive correlation between such spreads and
future economic output. In this sense a negative yield spread would help to forecast recessions.
Similarly, Fama and Bliss (1987) found that forward rates have predictive power from two to
four years ahead given to the presence of a mean-reversion inherent to interest rates. Fama
(1990) then found empirical evidence on how higher spreads are associated with an increase
of future inflation and a decrease of future interest rates. Jorion and Mishkin (1991) later
expanded the term-structure forecast model for the US, UK, (West) Germany and Switzerland,
and concluded that the term structure had strong and statistically significant power to predict
future inflation rates. Their research concluded that for all four economies the term structure
slope is a powerful predictor of future inflation pressures, particularly in the long run. Extending the models to an international setting, Bernard and Gerlach (1998) discovered that the
term spreads from some economies, in particular the USA and Germany, have statistical power
to forecast recessions in other countries. Nyberg (2010) found similar results, suggesting how
the term spread from the US was a statistically significant predictor for recessions in Germany,
and vice–versa.
Estrella (2005) derived a mathematical model based on analytic rational expectations. The
implications of the model denote that, in general, there is a relation between the yield rate
spread and the expected future output and inflation rates. Despite the fact that the author
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does not imply that there is a structural relationship between term structures and future
economic output, the yield curve still holds predictive power under most circumstances. The
weight of this relationship is governed by a parameter gy , which measures the attention of the
Central Bank placed on inflation targeting. As the inflation target becomes ‘more strict’, a
higher weight will be given to the spread as a predictor of the policy rule making. In this sense,
in an economy with a Central Bank that has a strict inflation target, or where the Taylor Rule is
applied, the term structure of the yield rates would have a higher importance in the prediction
of future economic activity in the short run. Mathematically, as long as the attention placed
to output (gy ) and to interest rates (gr ) do not tend to infinity: which almost–surely would
never be the case. Thus, it is safe to conclude under a rational expectations scheme that the
term structure of the yield rates can be combined with other leading economic indicators to
derive a powerful predictor of future economical activity. Kuo, Chen and Huang (2019) studied
the term structure anomaly and discussed its forecasting ability to predict future behavior of
bond rates. The authors found how the anomaly is attributable not only to term premium
but also to time–varying expectation errors arising from the behaviour of investors. Following,
the term structure may be explained by investors’ irrationality, which leads to a rejection of
the expectation hypothesis for the US economy. Estrella and Wu (2008) concluded that the
method of separating yield rates into ‘pure hypothesis expectations’ yield and the term premium
components showed little improvement in the task of forecasting recessions.
In classical macroeconomic theory, money neutrality assumption states that nominal variables cannot affect real variables. However, from a New Keynesian perspective, in the short–run,
prices are ‘sticky’ and do not respond to fluctuations immediately. Therefore, money neutrality does not hold and nominal variables can affect real variables. In the first scenario both
endogenous variables, real interest rate r and output Y , must adjust in order to achieve the
equilibrium; while in the second case the endogenous variables to be adjusted are the real interest rate r and prices P . In equilibrium, the real money balances are assumed fixed and the
endogenous variables are the nominal interest rate i and Y . Substituting by the Fisher effect
ir + π e , the quantity of money can be expressed:


M
P



= L(r + π e , Y )

While in the long run prices may be assumed to be fully flexible, in the short run they have a
‘sticky’ nature and do not respond to fluctuations immediately. These short run fluctuations
in the economic output are commonly labeled as the business cycle (other variables, such as
unemployment, are also needed to assess the business cycle). The importance of this remark
on sticky prices comes from the notion that if the prices do not respond immediately, then it
corresponds to the output or the employment to adjust instead. In this sense, it might be the
case that in the short run nominal variables can affect real variables and that money neutrality
is no longer applicable.
The channel through which yield curves play a role in the future economic output comes
from a Central Banks increasing the short run interest rates while attempting to follow a
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restrictive monetary policy in order to control future inflation. Following, suppose there are
expectations of a future increase in the inflation rate. This means that the long end of the curve
will rise as investors expect higher yields in order to be profitable for them to invest in the long
run. Facing this situation, the Central Bank might be inclined to raise the short term interest
rate by decreasing the money supply. In this case, the short term interest rates will move up,
evidently; the long term interest rates, however, will decrease given that the expectation of
inflation has been addressed, therefore the long end of the yield curve will go down. The result
is a flattened, or inverse, yield curve, which is itself linked to a restrictive economic policy and
a short-run decline in the economy’s output.
Suppose that certain phenomenon takes place and an economy receives a negative supply
shock. Given the diminished supply, the price level rises and the horizontal short run aggregate
supply curve rises. Now, the Central Bank faces a serious dilemma. If the aggregate demand
curve is kept constant, the new equilibrium will be reached at a smaller value of Y , bringing
a recession to the economy. In the other hand, if the Central Bank pushes for a shift in the
aggregate demand curve to the right, by increasing the money supply for example, then the
adverse supply shock is accommodated but the inflation rate is due to increase as a consequence
of the money supply increment and a permanent raise of the price level. In scenarios of this
nature, the Central Bank must decide to accommodate the adverse supply shock by suffering an
economic recession or by experiencing a sustained inflation rate. This idea will become a crucial
part of the intuition behind this paper, where the Central Bank may be lured to relieve the
inflation expectation by means of sacrificing future economic output though resourcing short
term interest rates as a monetary policy tool.
Assume now that a Central Bank decides to follow an expansionary policy and increases the
supply of money M which in turn raises the real money balances M/P , for an arbitrary price
P . Following the liquidity preference theory, this effect will pass on by lowering the interest rate
and shift the liquidity preference–money supply (LM) curve down, moving the new equilibrium
to a higher level of income. The intuition behind this is simple: given that there is more money
in the economy, individuals save the excess in banks and bonds, pushing the interest rate down.
Thereafter, given that the investment activity is higher whenever the interest rate declines, the
economy will experience a boom in investment. This higher amount of resources invested will
be reflected as an increase in the level of expenditure, income and production.
There has been an escalation of inter-dependency between sovereign countries and between
financial institutions in the current environment of globalization. An important contribution
was made by Peltonen, Rancan and Sarlin (2019), who related the interconnectedness of the
banking sector to the banking crises in Europe. Moreover, those institutions who were located
in more central positions inside the macro–network experience significantly higher probabilities
of suffering a crises. The authors concluded that their early–warning signals reinforced with
interconnectedness measures surpassed the out–of–sample predictions of traditional models.
Furthermore, Billio, Getmansky, Lo and Pelizzon (2012) measured the degree of connectedness between the returns of financial institutions by Principal Component Analysis and pairwise
Granger–causality assessments. The relationships inside the financial system were measured
5

through Granger–tests to detect both the degree and direction of connections over a moving
window. The authors found that a higher degree of connectedness inside the financial system
can be associated to an increase in the level of systemic risk in the market. Moreover, the
empirical analysis observed the highest connectivity among financial institutions during the
Financial Crisis of 2007-2008. An increasing connectivity inside the financial market, thus, can
be an early warning signal of an imminent crisis stimulated by systemic risk.
3

Network model

Chauvet and Potter (2005) state two important remarks about the usage of the yield curve as
a predictor of future economic activity. The first thing to bear in mind is the fact that the
predictive power of the yield curve is not necessarily stable along time. The second point made is
that monetary shocks, oil supply shocks and other unexpected phenomenons that might impact
the monetary policy reaction function must be taken into account. Consequently, supply shocks
for the oil and energy markets where isolated in order to avoid the stability of the theoretical
model. Applying such procedure, the analytic model may be combined with the empirical
results. In order to allow for data to be homogenized across countries, a common source
of information was occupied for all the long term and short term interest rates. The 10-year
government bond zero-coupon yield rate was obtained as the ‘Long-term interest rates’ from the
OECD. The 3-month government security zero-coupon yield was retrieved as the ‘Short-term
interest rates’ from the same source, i.e. the OECD. The Consumer Price Index for electricity
and energy for the different nations that were analyzed in the network was, as the previous
datasets, obtained from the OECD. The observed variable taken into account was the ‘End-use
energy prices in US Dollars’, given that this measure has been adequately standardized to a
common denominator. Lastly, the oil prices where retrieved from the OECD, whose original
source of information is the International Energy Agency (IEA). Following Hamilton (1994),
the yield spreads used for the network are set orthogonal to the oil and electricity shocks given
that they are statistically significant for predicting real GNP. The Frisch-Waugh-Lovell theorem
states that by properties of OLS, the residuals ŝi contain all the information of the spread that is
not explained by the covariates oili and eleci plus the advantage of being stationary. Equation
1 denotes the first–step regression where first differences were applied to the time series to
guarantee stationarity.
∆(sit ) = α̂0 + α̂1 ∆(oilit ) + α̂2 ∆(elecit ) + ŝit

(1)

Three comments are to be said about the time series employed in Equation 1. First, given
the impossibility to find the specific oil spot prices for each country, the time series employed
were the International Energy Agency’s monthly average oil price per economic region: Asia/Oceania, Europe, North America and Worldwide. Secondly, given the discontinuity in the
time series for end-use electricity prices for Australia, the OECD average was adjusted as the
variable to be used to regress this particular term spread. Finally, the yield spread for Mexico
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had to be interpolated by means of spline approximation given missing data in the long term
interest rates.
Figure 1 shows the hierarchical clustering correlation between thirty–one countries, where
the time series employed are the orthogonal residuals ŝi for each country i. There are four
clear main clusters: peripheral-Europe (IRL, PRT, ESP, ITA); Anglo–Saxon economies (CAN,
USD, AUS, NZL); Scandinavian countries (DNK, NOR, SWE); and Europe (GBR, FIN, DEU,
NLD, BEL, AUT, FRA). Other countries are not necessarily part of any cluster1 . It is worth
to mention that from the thirty–five available economies, seven countries had to be taken out
from the network model, leaving 28 time series for the Granger–causality network. Colombia,
Chile, Slovenia and Slovakia were removed upon the lack of a sufficiently long time series to
be analyzed in the network procedure. Korea and Japan where not considered as they had
experienced no Bry–Boschan recessions in the sample period. Lastly, Poland was excluded
from the model given that the Granger–causality network found it to be the only country that
had no connection degree with any other economy.
Table 1 shows a Factor Analysis decomposition of the orthogonal term spreads. Factor
analysis (FA) is a statistical technique of data reduction that aims to explain the underlying
correlation between observable variables in terms of a smaller number of non-observable factors.
The FA method searches for independent latent factors such that the observable variables can
be explained by analyzing the joint variations of variables as responses to unobserved factors.
Factor Analysis may be either an exploratory or confirmatory method that ‘clusters’ variables
into groups with similar characteristics. A loading λij for variable xi and factor F Aj can
be understood as a standardized regression coefficient between each other: the value of the
parameter denotes the number of standard deviations that the dependent variable will change
as a response to an increase of one standard deviation of the independent variable. Table 1 shows
five main clusters: i) Europe, ii) Non-European developed economies, iii) Peripheral–Europe,
iv) Eastern Europe and v) Baltic Europe, which is in the neighborhood of the hierarchical
clustering results.
Figure 2 and Figure 3 shows an overwhelming evolution in the interconnectedness of term
spreads; shown for the 12 countries retaining the longest time series. In the period from 2002 to
2017 virtually all sovereign nations have experienced a surge in the positive correlation between
term spreads. Nonetheless, so far, correlation does not imply causality.

1

The universe of countries studied is composed by 35 nations. Sorting their label by alphabetical order the
collection of countries is: AUS (Australia), AUT (Austria), BEL (Belgium), CAN (Canada), CHE (Switzerland),
CHL (Chile), COL (Colombia), CZE (Czech Republic), DEU (Germany), DNK (Denmark), ESP (Spain),
FIN (Finland), FRA (France), GBR (United Kingdom), GRC (Greece), HUN (Hungary), IRL (Ireland), ISL
(Iceland), ISR (Israel), ITA (Italy), JPN (Japan), KOR (Korea), LTU (Lithuania), LUX (Luxembourg), LVA
(Latvia), MEX (Mexico), NLD (Netherlands), NOR (Norway), NZL (New Zealand), POL (Poland), PRT
(Portugal), SVK (Slovakia), SVN (Slovenia), SWE (Sweden) and USA (United States)
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Figure 1: Hierarchical Clustering of Term Spreads 2002-2017

Country
AUT
BEL
CHE
DEU
DNK
FIN
FRA
GBR
LUX
NLD
NOR
SWE
AUS
CAN
ISR
KOR
MEX
NZL
USA
ESP
GRC
IRL
ITA
PRT
CZE
HUN
LTU
LVA

Factor1
0.71
0.62
0.45
0.86
0.78
0.80
0.72
0.60
0.56
0.84
0.72
0.74

Factor2

Factor3

Factor4

Factor5

Commonality

0.60
0.37

0.58

0.74
0.79
0.42
0.41
0.43
0.67
0.76
0.69
0.23
0.44
0.76
0.40
0.55
0.65
0.44
0.50

Table 1: Factor Analysis of Term Spreads
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0.94
0.93
0.41
0.98
0.76
0.95
0.96
0.82
0.53
0.95
0.67
0.76
0.77
0.80
0.22
0.51
0.23
0.68
0.81
0.74
0.05
0.32
0.76
0.25
0.65
0.43
0.33
0.26

IRL
ESP
BEL
FRA
CHE
NOR
AUS
NZL
DEU
GBR
CAN
USA

NZL
DEU
GBR
BEL
FRA
AUS
CAN
USA
IRL
CHE
ESP
NOR
NZL
DEU
GBR
BEL
FRA
AUS
CAN
USA
IRL
CHE
ESP
NOR

1

IRL
ESP
BEL
FRA
CHE
NOR
AUS
NZL
DEU
GBR
CAN
USA

0.8
0.6
0.4
0.2
0
−0.2
−0.4
−0.6
−0.8

0.6
0.4
0.2
0
−0.2
−0.4
−0.6
−0.8

−1

−1

Figure 2: Correlation Plot 1985-1999
3.1

1
0.8

Figure 3: Correlation Plot 2000-2014

Granger–causality of term spreads

Granger (1969) proposed a method to assess the ability of one time series to forecast another
one. A time series y is said to Granger-cause a time series x if the lagged values of y provide
a statistical significant basis to forecast the future values of x. The usefulness of this method
exploits the notion that barely any prior knowledge must be known regarding the time series; it
suffices with having a reasonable hypothesis of intertemporal relation between the time series.
Following the notation by Hamilton (1994) and limiting our attention to linear time series, we
say that a time series y fails to Granger–cause a time series x if:
"

#

" #

" (1)

0
xt
c
φ
= 1 + 1,1
(1)
(1)
yt
c2
φ2,1 φ2,2

#"

#

" (2)

0
xt−1
φ
+ 1,1
(2)
(2)
yt−1
φ2,1 φ2,2

#"

#

" (p)

xt−2
φ1,1 0
+ · · · + (p)
(p)
yt−2
φ2,1 φ2,2

#"

#

"

#

xt−p
ε
+ 1,t ,
yt−p
ε2,t

Employing this representation, y fails to Granger–cause x whenever the coefficient matrices
Φj are lower triangular, where
" (j)

(j)

#

φ1,1 φ1,2
Φj = (j)
(j) , ∀j ∈ {1, 2, ..., p}.
φ2,1 φ2,2
The lower triangular coefficient matrix representation is very convenient to express the
expected value of the time series x on period ahead as:
(2)
(p)
Ê(xt+1|xt, xt−1, . . . , yt, yt−1, . . . ) = c1 + φ(1)
1,1 xt + φ1,1 xt−1 + · · · + φ1,1 xt−p .

The expected value of xt+1 does not include any current or lagged values of y. Therefore, if all
coefficient matrices Φj are lower triangular ∀j ∈ {1, 2, ..., p} then y fails to Granger–cause x.
A formal test for Granger–causality is available in the Appendix of this paper.
Hamilton (1994) advises to use this method with caution, as there are cases when Granger–
causality cannot be used as a direct causation. An important point to consider is that the test
assesses whether or not a time series helps to forecast another, not necessarily meaning that
it directly causes the other. Finally, one should never forget the omitted variable bias (OVB)
when addressing Granger–causality tests and the optimal selection of lags.
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Denote H as a (n, n) matrix. H is the matrix which measures the Granger–causalities in the
term spread network: hi,j = 1 whenever the term spread from country i Granger–causes the
term spread of country j and hi,j = 0 otherwise, considering robust errors for autocorrelation
and a moving window of seven years (the average duration of the sampled business cycles).


H = 


1

h2,1

.
 ..

h1,2
1
..
.

hn,1 hn,2

···
···
..
.

h1,n
h2,n

···

.. 
. 
1

where ∀i 6= j

hi,j =

(

GC

1 if ŝi −−→ ŝj , with Robust errors
0 otherwise,

30
0 10

Connections

Figure 4 shows how the term spreads are increasing interconnected during the period associated
with international financial crises: particularly during the 2007–2008 financial crisis and the
2012–2014 European debt crisis. The black line is the sum of connections in matrix H at time
t, without considering the main diagonal; while the red line denotes the average number of
connections in the sample period 1990–2015.

1990

1995

2000

2005

2010

2015

Figure 4: Evolution in the Number of Connections since 1990
The Granger-causality network G is based in a tri-variate VAR(1) process. Therefore, ŝi
Granger-causes ŝj if there exists no k 6= {i, j} such that ŝi fails to Granger-cause ŝj given
ŝk . This enables to overcome the Omitted Variable Bias. Keeping in mind the suggestion of
Bernard and Gerlach (1998) whenever a model was fitted for country i, only countries j with an
equal or larger number of observations were eligible to be considered as forecasting covariates in
the probit model. The authors suggest a non-negligible possibility for the presence of noise in
the time series to dampen the actual relations between spreads and generates spurious linkages
coming from countries with lower market maturities. Thus, the length of the time series was
employed as a proxy variable to measure the ‘completeness’ or ‘maturity’ of a market. Following
the notion of ‘maturity’, we will say that young markets can be affected by mature markets,
but not the other way around. Thereafter, there is a bias as a consequence of the delayed
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entry times for different countries. Future scrutiny could be in order to better assess the level
of market development per country, considering, for example, the size of the domestic stock
exchange. Denote G as a (n, n) matrix.


G=

1

g


 2,1
 .
 .
 .

g1,2
1
..
.

gn,1 gn,2

···
···
..
.

g1,n
g2,n

···

.. 
. 
1

where ∀k 6= {i, j} and i 6= j

gi,j =

(

GC

1 if ŝi −−→ ŝj |ŝk , ∀k
0 otherwise,

Matrix G measures the Granger–causalities in a more strict sense than Matrix H. In this
matrix, gi,j = 1 if the term spread of country i helps to forecast the term spread of country
j taking into account any other possible term spread for Ommited Variable Bias. Figure 5
shows the outcome from this procedure, where a directed link from node i to node j suggests
an ability of term spread i to help forecast the term spread in country j. Nonetheless, it is
important to keep in mind for accurate interpretation that this network, although robust, shows
the potential informative power of a time series and does not imply direct causation.

Figure 5: Granger–causality network

G for 2002–2017

Besides Switzerland, to a surprise, Sweden and Ireland are very central in the network while
not being necessarily the largest economies. The reason for this is that both of these nations
have been consistently selected as long–term interest rate references for the European Union by
the Maastricht Treaty. Therefore, Figure 5 shows graphical evidence on the channels through
which smaller economies may indeed affect their larger counterparts. The Maastricht criteria
includes the ‘Long-term interest rate criterion’, which establishes a clear objective for all EU
nations to converge into a same long-term interest rate. Each two years the best performing
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nations are set as reference for the other countries to follow. The criteria employed can be
revised in the European Union convergence reports. Meanwhile, a brief summary is presented
here depicting the two or three countries that were established as references for each two-year
period since 1998 to 2018. Table 2 shows the countries that were chosen as reference for the
long–term interest rate criterion to be applied to all the Maastricht Treaty signees for a period
of two years.
Table 2: Long-term interest rate reference countries
1998
AUT
FRA
IRL

3.2

2000
AUT
FRA
SWE

2002
DNK
FIN
SWE

2004
FIN
POL
SWE

2006
DNK
MAL
NDL

2008
BEL
PRT

2010
SVN
SWE

2012
IRL
LVA
SWE

2014
IRL
LVA
PRT

2016
BUL
ESP
SVN

Fitting a probit model

Doan (1971) developed an algorithm to identify the Bry–Boschan business cycles in economic
time series with monthly frequency. The following conditions state the conditions of the BryBoschan algorithm. Peaks and troughs are required to alternate: if two peaks or troughs are
consecutive, then the one with largest absolute magnitude is chosen. Any turning point in either
the first or the last six months is not taken into account. Moreover, working for monthly data,
the minimum length of a phase is 5 months and the minimum length of a business cycle is 15
months. Harding and Pagan (2002) generalized the Bry-Boschan (BB) algorithm for quarterly
data; this method is also known as Quarterly-BB or BBQ. This modification is particularly
helpful whenever trying to find the turning points in a quarterly times series of real GDP. For
a given quarterly time series yt (i.e. logarithm of the real GDP) and a phase length k > 0:
• yt is a peak ⇔ max(yt−k , yt−k+1 , · · · , yt−1 , yt+1 , yt+2 , . . . , yt+k ) < yt .
• yt is a trough ⇔ min(yt−k , yt−k+1 , · · · , yt−1 , yt+1 , yt+2 , . . . , yt+k ) > yt .
where k is usually fixed as k = 5 for monthly data and k = 2 for quarterly data. Ahking (2013)
finds these values of k to go in line with the Bry-Boschan algorithm and also with the NBER
thumb-rule stating that business cycle phases should last at least two quarters. A convenient
way to represent business cycles is to use a binary variable, where 1 indicates that the economy
is in recession and 0 whenever the economy is experiencing an expansion. Following, a probit
model to predict a recession k periods ahead is of the form:
P [Bt+k = 1|Xt ] = Φ(βXt ),

(2)

where Bt+k = 1 whenever the economy is experiencing a recession in month t + k and Bt+k = 0
if it is an expansion.
Estrella and Hardouvelis (1991) proposed a probit model in order to forecast future economic
activity as a function of the spread between long rate an short rate interest rates and controlling
12

for the federal funds rate, annualized growth in the list of index of leading indicators, the lagged
inflation πt−k and a term with lagged changes in the log GDP (log yt - log yt−k ). It is possible
to understand term structures as the evolution of yield rates as a function of their time to
maturity. Interest rates respond both risk and time to maturity, therefore it is crucial that
whenever constructing a term structure, all yield rates are equally risk-adjusted. Consider a
term structure derived from government bonds. These yields differ only in the time to maturity,
while the risk is considered in this case to be null2 . In this manner, there is no credit risk spread
between yields, making them perfectly comparable. Moreover, public debt inside a financial
market is considered to be one of the most liquid and most highly traded securities; therefore
in theory the price of debt reflects all available information in the market. Denoting the control
variables as Zj,t , the covariate equation employed by the authors is of the form:
Xt+k = α + βSP READt +

N
X

δj Zj,t + εt .

(3)

j=1

A crucial component considered in this paper is the increasing and asymmetric level of
connectedness between term spreads across economies. As in Billio et al. (2012) this paper
explores the role Granger–causality interconnectedness plays in the vulnerability of future crises.
The covariate Wj,t is measured as the in-degree of country j at time t in the network and it is
computed as the sum of the j–th column of matrix H with the exemption of hj,j
Wj =

X

hi,j

j6=i

The model calibration follows in line with Chauvet and Potter (2005), who assessed how
probit models are more consistent than continuous ones and that parameter instability is not
relevant when employing monthly data, and with Moneta (2003), who found that the best
performing yield spread was composed by the 10-year interest rate minus the 3-month interest rate with a forecast horizon of four quarters ahead. Following both papers, the regression
equation sets the forecasting horizon for k = 12 months as in Moneta (2003), while the yield
spread residuals ŝi,t for country i at time t consider the 10–Year minus the 3–Month government securities. In Equation 4 the term spread residuals ŝi,t already take into account the
external control variables, as they are the result of a first–step regression specified in Equation
1. Moreover, in order to attain parameter stability, the probit model was fitted with monthly
data, as in Chauvet and Potter (2005). Following, the covariate Wi,t denotes the in-degree of
country i at time t in the Granger-causality network. Equation 4 shows the composition of the
set of covariates Xi,t for each country i.
Xi,t = α + βi ŝi,t−12 + γi Wi,t−1 + εt
2

(4)

Even when the notion of a completely risk-free asset is not universally accepted, we can work for now with
this assumption whenever we are dealing with government securities.
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4

Results

A condensed summary of results is shown in Table 3. Each row should be understood as
a different probit model, attaining the country mentioned in Column (2) for an observation
period that goes from the Year specified in Column (1) until the end of 2015. Column (3)
denotes the estimate for the term spread as a predictor of future economic recessions; Column
(4) shows the estimate for the in–degree of Granger–causalities as a predictor; Column (5)
measures the in–sample goodness-of-fit improvement. This enhancement is measured as the
historic performance, consisting of the difference between the adjusted R2 obtained by the model
in Equation 4 with respect to the adjusted R2 achieved by the model without the in–degree
connections parameter. Analogously, Column (6) measures the out–of–sample improvement
with respect to the Area Under the Curve of the Receiver Operating Characteristic curve. The
value shown represents the difference between the forecasting ability attained by the model in
Equation 4 minus the one obtained by the model without the Wi component.
Year
(1)

Country
(2)

Benchmark βi
(3)

Network Wi
(4)

1980
1980
1980
1980
1980
1980
1980
1980
1980
1980
1985
1985
1990
1990
1990
1990
1990
1995
1995
1995
1999
1999
2002
2002
2002
2002
2002
2002
Note:

AUS
BEL
CAN
CHE
DEU
ESP
FRA
GBR
USA
NZL
IRL
NOR
AUT
DNK
FIN
NLD
SWE
ISL
ITA
PRT
GRC
ISR
CZE
HUN
LTU
LUX
LVA
MEX

−0.184∗∗∗
−0.069∗
−0.501∗∗∗
−0.402∗∗∗
−0.249∗∗∗
0.114∗∗∗
−0.304∗∗∗
−0.256∗∗∗
−0.359∗∗∗
−0.309∗∗∗
0.203∗∗∗
−0.253∗∗∗
−0.266∗∗∗
−0.061
−0.596∗∗∗
−0.010
−0.370∗∗∗
−0.236∗∗∗
−0.143∗∗∗
0.063∗∗
0.100∗∗∗
−0.089∗∗∗
0.183
0.109∗∗
−1.745∗∗∗
0.117
−0.986∗∗∗
−0.964∗∗∗

0.734∗∗
0.239∗∗∗
0.463∗∗
0.026
0.231∗∗
0.285∗∗∗
0.161∗∗
−0.078
−6.441
0.695∗∗
0.512∗∗
0.617∗∗∗
0.244∗∗∗
−0.043
0.028
0.225∗∗
0.120
0.173∗∗
−0.241∗∗∗
−0.063
1.890∗∗∗
−4.700
0.013
0.289∗∗∗
−0.051
0.045∗
0.028
0.331∗∗

∆In–sample
(5)
0.01
0.02
-0.00
-0.05
-0.03
0.01
0.00
0.16
0.24
0.01
0.03
0.01
0.06
0.00
-0.15
0.01
-0.06
0.07
0.01
-0.02
0.28
0.04
0.00
0.17
0.09
0.00
0.30
0.24
∗ p<0.1;

∆Out–of–Sample
(6)

0.21
0.07
0.02
-0.01
0.03
0.03
-0.04
0.18
0.01
0.12
0.36
0.02
-0.02
-0.02
-0.08
0.08
-0.09
0.04
-0.01
0.11
0.39
-0.32
-0.17
-0.11
0
0.20
-0.44
0.08
∗∗ p<0.05; ∗∗∗ p<0.01

Table 3: Summary of Results
Column (3) confirmed the negative and statistically significant coefficient of the term spread
for 18 economies at the 1% level. However, five countries attained a positive coefficient at the
5% statistical significance level. This finding is somewhat counter–intuitive, shedding light on
the complexity which lies behind the term spread as predictor for future economic activity.
Moreover, the influence of the term spread for five economies was non–significant: this five
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countries are small European nations, which may call for a lack of predictive power of the
term spread whenever considering small, open economies. Therefore, although robust to most
scenarios, the term spread alone is not universally a significant predictor of future economic
activity. Column (4) shows that the network parameter Wi had a favorable outcome: 16
out of 28 economies included the network parameter as a statistically significant covariate
at a 5% level. More importantly, the value of the coefficient was larger than zero for 15 of
these economies. Empirically, a possible conjecture about the effect of the in-degree network
parameter could be that the more connected a country is, the more prone or vulnerable it is
to suffer a recession in the short run. Consequently, if the parameter has a coefficient larger
than zero, then whenever the number of in-degree connections rises, the probability of a future
downturn in the output will experience an increase.
The last two columns denote the goodness–of–fit improvement of the model specified in
Equation 4 with respect to the base model, i.e. without in–degree connectios. Column (5)
shows how the generalized adjusted pseudo–R2 criteria, as defined in McFadden (1973), offers
a clear preference of the newly proposed general model with a network component over the base
model for the vast majority of economies. Nonetheless, there was a natural loss of goodness–
of–fit whenever a country’s recessions did not have a statistically significant response to the
number of in–degree connections. Finally, Column (6) shows a humble improvement attained
with respect to out–of–sample predictions, measured by the Area under the Curve (AUC)
in the Receiver Operating Characteristic Curve (ROC curve). This commonly used method
enables researchers to compare between two or more probit models by considering a ratio
between false positive rates and true positive rates, assessing the out–of–sample goodness of fit
of the model. Out of the 28 countries, only 17 achieved an improved out–of–sample measure
whenever. Notwithstanding, taking into account the probit models with at least four completed
business cycles, i.e. the first twelve rows, the out–of–sample measure was improved for 10 of 12
economies. Therefore, one should keep in mind that the model seems to work best with time
series that had at least four completed business cycles, i.e. time series dating prior to 1990.
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Figure 6: Residual Deviance

Figure 7: Pearson Residuals
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Performing additional robustness checks, the network model presented outperformed the
base model regarding the residual deviance and the Pearson residuals. Figure 6 conclusively
shows how the residual deviance of the network model, solid black line, is considerably smaller
than the deviance of the model using only the term spread covariate, solid gray line. Additionally, Figure 7 shows the clear improvement of the Pearson residuals attained by the network
model, solid black line, with respect to the term spread model, solid gray line. Therefore, with
the exception of ISR, the residuals of the probit model fitting are considerably smaller whenever
taking into account the number of in–degree Granger–causality connections as an independent
variable.
4.1

Foreign term spreads as predictors

An extension of the model in Equation 4 is presented, adding to the set of covariates Xij the
spreads of all other countries inside the network plus their linear interactions. In order for a
foreign spread to be considered as a possible regressor, it must fulfill two conditions: 1) the
spread of country j Granger causes the spread of country i; 2) the spreads of both countries i
and j are explained by the same factor F in the Factor Analysis procedure. Lastly, the covariate
Wi,t denotes the in-degree of country i at time t in the Granger-causality network. Equation 5
shows the composition of the set of covariates Xi,t for each country i.
Xi,t = α + βi ŝi,t−12 +

X

βj ŝj,t−12 +

X

δij ŝi,t−12 ŝj,t−12 + γi Wi,t−1 + εt

(5)

j6=i

j6=i

The sole purpose of this modification is to shed light in the forecasting power that foreign
spreads have for their counterparts. Figure 8 shows a network of statistically significant
Granger–causalities between term spreads across countries: a direct link implies that the term
spread of the first country have predictive power over the future recessions that may occur in
the second nation. Figure 8 portrays two network components: a giant component for Europe,
USA and CAN; and a second component which is driven by IRL as a possible consequence
of the Maastricht Treaty. There is strong statistical evidence, therefore, to asseverate a non–
negligible effect of yield curve interconnections and of foreign term spreads to help forecast
economic recessions for across countries, while the coefficients for the term spread and the
number of in–degree connections remained stable. Figure 9 respectively shows the sign of the
spread and network estimates for each country, where most countries are located in the lower
(negative spread effect) and right (positive connection effect) sections of the graph.
Given the inherent nature of the dependent variable being quarterly, while the independent
variable is a monthly–aggregated daily value, there is an evident autocorrelation between errors.
Despite the presence of consistent and statistically significant estimators in the probit model,
there is an important drawback in the forecasting ability of the model. In this sense, it may be
that the yield curve, or the number of in–degree connections, will experience changes without
actually being reflected in the dependent variable, as the real GDP time series takes into account only quarterly observations. Ergo, this model allows to forecast the future existence of
16

2
1
0
−2

Spread Coefficient

Summary of Coefficients

−2

−1

0

1

2

Network Coefficient

Figure 8: Statistically significant links

Figure 9: Spread and Network estimates

an economic downturn with favorable accuracy but it will have little to no power assessing the
duration of the recession itself. Consequently, these high significant results may be misleading.
Following the work Freedman (2006), it may be that the estimates presented in Table 3 are
overestimating the statistical significance of the covariates, however, they hold strong informative power. Therefore, this papers relies in the improvement attained in the goodness–of–fit
tests practiced on the Adjusted–R2 , out–of–sample ROC curve, residual deviance and Pearson
residuals, where the model achieved great advancement with respect to all residual measures.
5

Conclusions

It is not redundant to mention the importance given by Central Banks to forecast future recessions. Even when a vast collection of key economic indicators is readily available, a model
where information is attainable with higher frequency may be preferred. The term spread,
which is real–time indicator, is employed as an independent variable in a probit model aiming to forecast economic downturns in the short–run, proving to be an accurate estimator for
a majority of the economies studied in this paper. This indicator is constructed from short
and long term interest rates with monthly observations, orthogonal to oil and electricity price
shocks. As a first exploratory analysis, two different methods accurately found the latent factors which are not explained by external shocks and relate term spreads to one another. Both
the hierarchical clustering and the Factor Analysis suggest the existence of three broad country
clusters: Europe, peripheral Europe and non-European developed nations and three smaller
clusters: Scandinavian, Baltic and Eastern European countries. Additionally, the grouping of
term spreads presented can be employed as a proxy for investors to identify contagion of economic recessions between country clusters. A final remark about the networks and correlation
plots depicts the undeniable evidence that the term spreads between economies are each time
more linked between each other. Curiously, evidence on a mechanism through which smaller
economies may affect their larger counterparts is presented, in particular for the European
Union.
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Employing a probit model with the term spreads and the number in–degree Granger–
causality connections as independent variables for each country, this paper finds empirical
evidence on how a tightening of the monetary policy, such raising interest rates, intended to
relieve pressures of future inflation, would have a collateral effect of slowing down the economy:
a statistically significant effect was attained by the term spread in 23 out of 28 economies.
Additionally, the Granger–causality number of connections parameter (Wi ) had a favorable
outcome: 15 economies included the network parameter as a statistically significant covariate
at a 5% level, with a positive coefficient. The intuition behind this result suggests how an
increasing in–degree of interconnections may impair a country by increasing its vulnerability
to future economic recessions. There is a drawback, however, in the out–of–sample predictive
power of the fitted models. Although the results are robust, they are not structural. This remark sheds light that although the model has had predictive power with historical data, there
is no guarantee that the model will continue to outperform other models in the future, also
know as the Lucas critique. In this sense, even if historically the model seems to be a good fit
in–sample, there is no guarantee that the model will perform equally properly in an out–of–
sample environment. Moreover, despite the model’s considerable ability to forecast future crises
vulnerability, it has inherent drawbacks to assess the duration of the recessions. Consequently,
more research is encouraged in the uses of interconnectedness and network analysis for term
spreads and similar key economic indicators.
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Appendix
A. Key Economic Indicators

Table 4: NBER Key Economic Indicators as seen in Stock and Watson (1989)
Transformation
Growth rates
Growth rates
Growth rates
Growth rates
Levels
Growth rates
Growth rates
Growth rates
Differences
Levels
Levels

Description
Industrial production
Personal income
Manufacturing and trade sales
Employee-hours (non-agricultural)
New building permits
Manufacturer’s unfilled orders
Trade-weighted nominal exchange rate
Part-time work in non-agriculture industries
Yield on 10-year US Tresaury bonds
Spread between corporate paper and US T-Bills (6-months)
*Spread between 10-year and 1-year Treasury securities

Source: Stock and Watson (1989)
*Spread between 10-year and 1-year Treasury securities: Stock and Watson define this
indicator as the spread between the yield on constant-maturity portfolio of 10-year US Treasury
bonds and the yield on 1-year US Treasury Bills; using as a source of yield rates the Federal
Reserve Board.
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Table 5: Index components: The Conference Board
Leading Index (April 2008)
Average weekly hours, manufacturing
Average weekly initial claims for unemployment insurance
Manufacturers’ new orders, consumer goods and materials
ISM new order index
Manufacturers’ new orders, non-defense capital goods excl. aircraft
Building permits, new private housing units
Stock prices, 500 common stocks
Leading Credit Index
*Interest rate spread, 10-year Treasury bonds less federal funds
Avg. consumer expectations for business and economic conditions
Coincident Index
Employees on nonagricultural payrolls
Personal income less transfer payments
Industrial production
Manufacturing and trade sales
Lagging Index
Average duration of unemployment
Inventories to sales ratio, manufacturing and trade
Labor cost per unit of output, manufacturing
Average prime rate
Commercial and industrial loans
Consumer installment credit to personal income ratio
Consumer price index for services

*Interest rate spread, 10-year Treasury bonds less federal funds: The Conference
Board defines this indicator as the spread or difference between long and short rates is often
called the yield curve. This series is constructed using the 10-year Treasury bond rate and the
federal funds rate, an overnight interbank borrowing rate. It is felt to be an indicator of the
stance of monetary policy and general financial conditions because it rises (falls) when short
rates are relatively low (high). When it becomes negative (i.e., short rates are higher than long
rates and the yield curve inverts) its record as an indicator of recessions is particularly strong.
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Table 6: Key Indicators of Financial Stress: Federal Reserve Bank of St. Louis
Indicator Type
Interest Rates
Interest Rates
Interest Rates
Interest Rates
Interest Rates
Interest Rates
Interest Rates
Yield Spreads
Yield Spreads
Yield Spreads
Yield Spreads
Yield Spreads
Yield Spreads
Other Indicators
Other Indicators
Other Indicators
Other Indicators
Other Indicators

Series
Effective federal funds rate
2-year Treasury
10-year Treasury
30-year Treasury
Baa-rated corporate
Merrill Lynch High-Yield Corporate Master II Index
Merrill Lynch Asset-Backed Master BBB-rated
Yield curve: 10-year Treasury minus 3-month Treasury
Corporate Baa-rated bond minus 10-year Treasury
Merrill Lynch High-Yield Corp. Master II Index minus 10-year Treasury
3-month London Interbank Offering Rate–Overnight Index Swap spread
3-month Treasury-Eurodollar spread (TED spread)
3-month commercial paper minus 3-month Treasury bill
J.P. Morgan Emerging Markets Bond Index Plus
Chicago Board Options Exchange Market Volatility Index (VIX)
Merrill Lynch Bond Market Volatility Index (1-month)
10-year nominal Treasury yield minus 10-year Treasury Inflation
Protected Security yield
S&P 500 Financial Index
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B. A formal statistical test for Granger–causality

A particular benefit of the former representation is the swift application of an econometric test
to formally assess whether y is statistically significant to Granger cause (or not) x. Proceed to
express xt as a bivariate autoregressive equation of lag p and afterwards to do the same with
an univariate autoregressive equation.
xt = c1 + α1 xt−1 + α2 xt−2 + ... + αp xt−p + β1 yt−1 + β2 yt−2 + ... + βp yt−p + ut
xt = c0 + γ1 xt−1 + γ2 xt−2 + ... + γp xt−p + et .
Define RSS1 and RSS0 as the sums of squared residuals of the bivariate and the univariate
autoregressive equations of xt respectively for T number of observations.
RRS1 =

T
X

û2t ,

RRS0 =

T
X

ê2t

t=1

t=1

The null hypothesis imposed on the coefficients of the lagged values of yt in the bivariate
autoregression and conduct an Ordinary Least Squares F test:
H0 : β1 = β2 = · · · = βp = 0,
where the test statistic S is
S=

(T − 2p − 1)(RSS0 − RSS1 )
.
(p)(RSS1 )

The null hypothesis, y fails to Granger cause x is rejected whenever S is larger that the 5%
critical value of the F (p, T − 2p − 1) distribution.

23

