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ABSTRACT

Using out-of sample methods, we compare the performance of the wavelet-based probit model
and standard probit model in forecasting recession in the U.S. Additionally, the performance of
different financial indices, such as term spreads, credit spreads, interest rates, was evaluated in
both the wavelet-based probit model and the standard probit model. The out-of-sample
exercises are employed respectively for three, six, twelve and twenty-four-months ahead
forecasts. We use four different wavelet filtering methods including Haar, Symlet, Coiflet and
Daubechies to obtain low frequency fluctuations of observed series. According to numerical
results, forecasting performance of the wavelet-based model outperforms standard probit model
for three, six and twelve month-ahead forecasting. Moreover, the yield curve spread between
between 3-Year Treasury Constant Maturity Rate - 1-Year Treasury Constant Maturity Rate
and the yield curve spread between between 3-Year Treasury Constant Maturity Rate — Federal

Funds Rate among indexes have better results in forecasting a recession in the U.S.
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OZET

Omek disi yontemleri kullanarak, dalgacik tabanh probit modelinin ve standart probit
modelinin ABD'deki ekonomik durgunluk tahminindeki performansini karsilastiririz. Ayrica,
dalgacik tabanli probit modelinde ve standart probit modelinde vadeli spreadler, kredi
spreadleri, faiz oranlar1 gibi farkli finansal endekslerin tahmin performansi Sl¢iilmektedir.
Orneklem dis1 ¢ahismalar sirasiyla ii¢, alti, on iki ve yirmi dért aylik tahminlerde
uygulanmaktadir. G6zlenen serilerin diisiik frekansh dalgalanmalarini elde etmek ig¢in, haar,
symlet, coiflet ve daubechies olmak {izere dort farkli dalgacik filtreleme yontemi kullaniriz.
Sayisal sonuglara gére, dalgacik tabanli modelin tahmin performansi, iig, alti ve on iki ay
oncesinden tahmin i¢in standart probit modelinden daha iyi performans gostermektedir. Ayrica,
GS3MFFM ve GS3MGS!'in verim e@risi dagilimlan arasinda ABD'de durgunluk tahmininde
daha iyi sonuglar oldugu goriilmiistiir.
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ABSTRACT

Using out-of sample methods, we compare the performance of the wavelet-based probit model
and standard probit model in forecasting recession in the U.S. Additionally, the performance of
different financial indices, such as term spreads, credit spreads, interest rates, was evaluated in
both the wavelet-based probit model and the standard probit model. The out-of-sample
exercises are employed respectively for three, six, twelve and twenty-four-months ahead
forecasts. We use four different wavelet filtering methods including Haar, Symlet, Coiflet and
Daubechies to obtain low frequency fluctuations of observed series. According to numerical
results, forecasting performance of the wavelet-based model outperforms standard probit model
for three, six and twelve month-ahead forecasting. Moreover, the yield curve spread between
between 3-Year Treasury Constant Maturity Rate - 1-Year Treasury Constant Maturity Rate
and the yield curve spread between between 3-Year Treasury Constant Maturity Rate — Federal
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OZET

Ornek dist yontemleri kullanarak, dalgacik tabanli probit modelinin ve standart probit
modelinin ABD'deki ekonomik durgunluk tahminindeki performansini kargilagtiririz. Ayrica,
dalgacik tabanli probit modelinde ve standart probit modelinde vadeli spreadler, kredi
spreadleri, faiz oranlar1 gibi farkh finansal endekslerin tahmin performansi 6l¢iilmektedir.
Orneklem dis1 ¢alismalar sirasiyla iig, alti, on iki ve yirmi dort aylik tahminlerde
uygulanmaktadir. Gozlenen serilerin diigiik frekansh dalgalanmalarini elde etmek igin, haar,
symlet, coiflet ve daubechies olmak lizere dort farkli dalgacik filtreleme ydntemi kullaniriz.
Sayisal sonuglara gore, dalgacik tabanli modelin tahmin performansi, i, alti ve on iki ay
oncesinden tahmin i¢in standart probit modelinden daha iyi performans gostermektedir. Ayrica,
GS3MFFM ve GS3MGS!'in verim egrisi dagilimlar arasinda ABD'de durgunluk tahmininde

daha iyi sonuglar oldugu goriilmiistiir.




INTRODUCTION

According to some economists such that Stijn Claessens and M. Ayhan Kose (2009), a recession
starts when the economy begins to shrink and stop growing while others such that Business
Cycle Dating Committee of the NBER think that it starts when the gross domestic product
declines for two consecutive quarters. Additionally, according to the Business Cycle Dating
Committee of the NBER, a recession causes economics activities to fall and lasts for several
months. With the beginning of the recession, many variables such as unemployment, industrial
production, and retail sales, gross domestic product are negatively affected. On the other hand,
it is difficult to predict the end of the recession and the effect of it on the economy. For these
reasons, forecasting future economic activities in the U.S are crucial for not only policy-makers
but also private economic agents, for instance, investors around the globe. Therefore, we will
focus on the recession forecasting and contribute to the literature of forecasting methods for
economic recession.

In this context, a considerable amount of research tried to find out which financial variable is
the best for predicting the U.S. business cycle regime. Most studies found that the difference of
term spread between the yields on long-term and short-term Treasury securities is a powerful
instrument and includes useful information to predict future recession and economic activity in
the U.S.

Interestingly, the yield curve spread did not attract researchers ' attention in predicting U.S.
economic activity until the study of Stock and Watson (1989). The essential breakthrough with
the use of yield curve spread to predict economic activities in the U.S. began with this study.
Stock and Watson (1989) tried to predict future economic recessions using seven variables out
of various financial indexes, including the yield curve spread between the 10-year Treasury
bond spread and 1-year Treasury bill yield.

With the approach in the previous paragraph, the yield curve spread has become more
prominent to predict future economic activities. One of the first remarkable study considering
the yield curve spread after Stock and Watson (1989) was from Estrella and Hardouvelies
(1991). They examined the lagged output growth, lagged inflation, the index of leading
indicators, the real short-term interest rates and the yield curve spread using quarterly data from
1955 to 1988 to predict future rate of growth in real GDP. Their results suggested that the yield
curve spread has more predictive power than the other indexes they compared and includes
useful information to predict economic activities and a positive of the slope yield curve
indicates that real economic activity will increase, along with consumption, consumer durable,

and investment.



Shortly after the work of Estrella and Hardouvelies (1991), the yield curve spread again proved
to be superior in predicting economic activities. Hu (1993) found that there is a positive
relationship between the yield curve spread and future economic growth. Having the yield curve
spread a promising performance in predicting future economic activities led to the question of
whether the yield curve spread could predict a future recession. Estrella and Mishkin (1996)
tried to find the answer to the question: Is there a relationship between the recession and the
yield curve spread? To answer this question, they used quarterly data from the first quarter of
1960 to the first quarter of 1995 and included the yield curve spread with New York Stock
Exchange (NYSE) price index, the leading index of Commerce Department, and lagged growth
in real GDP to compare their prediction performance. They assessed the relationship between
the recession and the yield curve spread using a probit model. Their study reported that the yield
spread measured by the difference between the 10-year Treasury bond and 3-month Treasury
bill has a better performance than other financial indicators in predicting recession two to six
quarters ahead.

A few years later, Estrella and Mishkin (1998) compared out-of-sample results of different
financial indexes such as interest rates, spreads, stock price indexes, monetary aggregates, a
leading indicator in predicting future U.S. recessions. They evaluated various financial indexes
not only by individually but also by using reasonable combinations with each other in the
standard probit model. They examined the results in three different context. First, the in-sample
results are not consistent with out-of-sample results. Although the six-month commercial paper-
Treasury bill spread works very well in-sample exercise for one and two quarters ahead, it has
no predictive power on out-of-sample exercises for all horizon. The second context is the
determining ideal out-of-sample horizon for each financial index. For example, the yield curve
spread has remarkable forecast performance for all range of horizon. Although some indexes
such as stock prices, the Commerce and Stock-Watson leading indicators outperform the yield
curve spread in predicting one quarter ahead prediction, the yield curve spread tends to
dominate other variable beyond one-quarter ahead predictions. The third and the last principle
is that the yield curve spread has better performance using individually rather than a
combination with other variables.

Moreover, some researchers used different functional forms rather than using a standard probit
model to improve forecast accuracy. For instance, Katayama (2010) improved forecast
performance by using non-gaussian cumulative distribution function and again proved that the
yield curve spread between 10-year Treasury yield and the Federal Funds rate has better results
than other indexes in performing out-of-sample forecasting exercise. As a result, considering

all these studies, the yield curve spreads are effective tools to predict future recessions in U.S.




However, despite all these findings in the literature, two questions have emerged to improve
forecast performance. The first question is about the selection of the yield curve spread from
more than one candidate. For example, while Estrella and Mishkin (1991) considered the yield
curve spread as the difference between the 10-year Treasury bond and 3-month Treasury bill in
their study, Stock and Watson (1989) used the yield curve spread of the 10-year Treasury bond
spread and 1-year Treasury bill yield.

Moreover, the other one is about removing time trend and noise. Considering low frequencies
of the yield curve spread may be more efficient than directly using the original series, which
contains high-frequency fluctuations because irrelevant information in time series may
deteriorate forecast accuracy. However, limited research tried to solve this question. Azevedo
(2013) used low-frequency filters in his research and found that targeting low-frequency
fluctuations on series rather than the original series is useful for macroeconomic forecasting.
For these reasons, we will use the maximal overlap discrete wavelet transform (MODWT) to
improve the forecast accuracy by eliminating high-frequency fluctuations from the original
series.

First, we obtained yield curve spreads and credit spreads using different interest rates, treasury
bills, government bonds, and corporate bonds yields. Then, we compared the performance of
filtered series with the original series and measured the usefulness of different yield curve
spreads in the forecasting exercise. The numerical results show that our model that used
MODWT to eliminate the high-frequency fluctuations outperforms the model using the original
series in terms of the quadratic probability score. Although decomposing the yield curve spread
into low-frequency fluctuations improved the forecasting performance for three to twelve
months ahead exercise, it did not cause any improvement on the performance of forecasting
twenty-four month ahead recession probability in the U.S. economy. In addition, the results of
the model selection concluded that our proposed model with the yield curve spread as the single
explanatory variable is the best model.

The rest of the thesis organized as follows. Section 1 introduces wavelet transform, the probit
model and the data set. Section 2 presents forecast methodology, the quadratic probability score,

and out-of-sample results and performance. Finally, section 5 concludes.




1. METHODOLOGY

1.1. Wavelet Transform

Analyzing time series in both time and frequency domain with wavelet transform is a common
and proper statistical tool among Economists. Wavelet transform works in both time and the
frequency domain and can easily extract the nonstationary features of variables overa
wide extent of frequencies (Fan and Gencay, 2010). For this reason, information about both
the time and frequency domains present in a signal can be identified easily with wavelet
transform. Therefore, this makes a wavelet-based analysis of yield curve spread to be an
appropriate tool for predicting U.S. recessions in this study. In the next section, the
mathematical details of wavelet transform and different types of wavelet transforms are

presented.

1.1.1. What is wavelet?

A wavelet is a wave like a function that is fluctuating in a finite time period. A real-valued

wavelet function, (t), defined on the real axis (—oo, ) satisfies following two conditions:

[2 @) dt =0 and [Z P(t)%dt = 1.

Although ¥ (.) has to make some excursions away from zero, any excursions it makes above
zero must be cancel out by the excursions below zero (Gencay, Sel¢uk and Whitcher,2001). A
time series x(t) can be transformed by the continuous time wavelet transform (CWT) as

follows:

Wu,s) = [ x(O),s(t)dt,

where u is the location, s is the scale parameter and W (u, s) is called as a wavelet coefficient.
The wavelets are generated from ¥, (t) = V%I/J(t%u) that is translated by u and dilated by s.

It can be used to work with different frequencies by using scale parameter. However, analyzing
all wavelet coefficients for different scales with continuous wavelet transform are impossible
(Eroglu, 2019). In addition, the continuous wavelet transform has important problems such that
complexity in computation and redundancy of decomposition with finite number of scales. To
overcome these problems, the discrete wavelet transform that decomposes the signal into

mutually orthogonal set of wavelets, unlike CWT, is introduced.




1.1.2. Discrete Wavelet Transform (DWT)

Let {h,}1=3 denote a discrete wavelet filter, where L is the finite number of non-zero elements
(length). Similar as in case of the CWT, three conditions that the DWT wavelet filter have to
be satisfied are as follows:
LYiSoh =0,  2.%s5hi =1, 33155 lyhyszn = 0.
Where n is a positive integer. The first two conditions are discrete equivalents to their
continuous counterparts. The third one is new, and together with the second one, it says that the
transformation has to be orthonormal. Besides those three conditions an additional one has to
be imposed on time series itself — it has to have length N =2/, where J € N. Hence only time
series with length equal to the power of two can be analyzed using the DWT. Let x =
(xg, -, xy—1)T be a Nx1 vector which represents a dyadic time series. Then DWT
transformation can be written in the following form:
W =WX.
Where W is NxN wavelet transformation matrix, which elements are the filters and zeros
W denotes Nx1 vector of wavelet coefficients.
X=wTw.
which means that time series can be reconstructed using wavelet coefficients. The second result
of transformation’s orthonormality is:
IX1I? = XTX = WTW = [|[W]]?,
Where || X|| and ||W]| stand for the norm of X and W, respectively. It means that the total
energy of time the series is equal to the total energy of wavelet coefficients. This result is
important for further work with wavelthe et spectrum of the process. Let us assume that the
length of X is equal to 2/. Then we decompose W and W in the following way:
W = [W, W, - W, Vi |=[w, W, .., W, V)] X.

Where W, is the vector of j-th level wavelet coefficients and Vj is the vector of j-th level

scaling coefficients. Furthermore, length of wavelet coefficients T/ 2j-1 foreachj =1,2,..,J

and length of scaling coefficients is T/ 27"

1.1.3. Pyramid algorithm

Mallat (1989) proposed the pyramid algorithm for computation of the DWT in practice. In the

first stage, there is a decomposition of the original time series X into two vectors. The first one

. N y . i . , N
is — x1 vector of wavelet coefficients W; which satisfies W; = W, X. The matrix W, is = xN



matrix of wavelet transformation, which consists of wavelet filters h; and zero elements. In
each next row the filters, are circularly shifted. The second obtained vector is ; x1 vector of
scaling coefficients V; satisfying V; = V; X. The next stage of the algorithm is similar to the
first one. We make another decomposition, but not with original time series, but with V;. Again,
we will obtain two new series —a % x1 vector of wavelet coefficients W, and a% x1 vector of
scaling coefficients V,. We will follow this approach in all stages of the algorithm and then we
will obtain Nx1 vector of wavelet coefficients W, from the equation W = WX.

Empirical literature using wavelets usually prefers non-matrix notation then (following

Gencay et al. 2002) we can write the first stage of the DWT as

wy ;= Yisg Xy ymodN fort=0,12,... 'g_ 1-

Vs = Xizo §iX2eymodN fort=0,12, ...,%— 1

where mod denotes modulo operator. The equations above are the circular convolution of
wavelet filter h (respectively g) and time series X. While applying the same logic as before we

write the other steps of the transformation as:

’LU'}‘,t = Zf';él h!ULZt_lmod% fOT t = 0,1,2, '".l%— 1 andj > 1

Vje = ) 3 glvl,z,:_lmod% fort=0,1.2, ...,—J}— landj>1

All other steps are executed similarly. Previous equations imply that the DWT is a cascade
filter. In this study, we used Haar, Daubechies, Symlet and Coiflet wavelet filters. Now we
describe these discrete wavelet filters.

1.1.4. Haar Wavelet

The oldest known filter in the wavelet family is haar wavelet (Gencay et al. 2002). Its

corresponding wavelet function is represented by this equation:

1 ifte[O,%)

—1ift€[%,1)

0 otherwise.

Y =




Its corresponding scaling function has got the following form:

1if te[0,1)
0 otherwise.

¢ =

Haar Wavelet
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Figure 1: Haar Wavelet

1.1.5. Daubechies wavelet

Daubechies (1988) proposed this type of discrete wavelet transformation. It was derived from

compact support criterion with maximum vanishing moments. According to Gencay et al.

(2002) the most obvious formal definition of Daubechies wavelet is through its square gain

function:

H(f) = 2 sink(xf) 215: ((“/2;1“)) cos~2H(xf).

db4 Wavelet
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i

Figure 2: Db4 Wavelet



There are two types of Daubechies wavelets. The first one is extremal phase Daubechies

wavelet. The second one is the least asymmetric Daubechies wavelet that is also known as

symlet wavelet.

syméd Wavelet

Figure 3: Sym4 Wavelet

1.1.6. Coiflet wavelet

Another type of discrete wavelet is coiflet wavelet designed by Daubechies. The coiflet wavelet
near symmetric. Its wavelet function has g vanishing moments and scaling function é -1.

coifs Wavelet
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o

Figure 4: Coif4 Wavelet



1.1.7. The Maximal Overlap Discrete Wavelet Transformation

To model the relationship between the financial index and the probability of a future recession,
the sample size of these variables has to be the same in the estimation period. However, we
cannot use DWT in our analysis since it has two main problems. The first one is the dyadic
length requirement that refers sample size divisible by2/. The second one is that the wavelet
and scaling coefficients in DWT are not invariant to circularly shifting the original series
because of the decimation operation. For these reasons, DWT is not appropriate to filter our
sample data. In contrast to the DWT, There is no decimation operation in the MODWT that is
also called non-decimated DWT. Therefore, the number of scaling and wavelet coefficients at
every level of the transform is the same as the number of sample observations. Although it loses
orthogonality and efficiency in computation, this transform does not have any restriction on the
sample size and it is shift invariant (Percival et al (2000)). In our research, we compare the
performance of the filters such as Haar, Daubechies, Symlets and Coiflets wavelets to find the

best among them. The mathematical details of MODWT are as in the following section.

1.1.8. MODWT

According to Gencay et al. (2002), coefficients, filters, and matrices of the MODWT are

denoted by "tilde". Hence, the central MODWT equation is rewritten in the following form
W =WX.

Where W corresponds for vector of (J + 1)N x 1 and W corresponds for matrix of

(J + 1N x N.

Similarly, as in the DWT:
W = [, W, ... W, D).

Again, first J elements of W are the matrices of wavelet filters; the last one is a matrix of
scaling filters. All of them are N X N matrices (Gencay et al. 2002). The MODWT filters are a
rescaled variant of the DWT filters mentioned in the previous section (Percival & Walden
2000):

& hip
. e
J 2}/2
asi . HF

G50 =3y
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where h;, and g;, are filters belonging to particula ar scale.

Similarly, as in the DWT, the pyramid algorithm will be used for computation of coefficients.

First, let us define the variable
L=(2-1)@-1)+1.

Denoting the length of a filter on a particular scale. The first step is (Percival &
Walden 2000):

@y = Y1=d by XopymodN fort=0,1.2,..,N—1

ﬁl,t - zf‘:_(} QIEXZt_[mOdN fO?" t = 0,1,2, ...,N = 1

Then the other steps can be written as
W, = ¥i=g hyyv1 20 ymodN fort=10,12,..,.N—1andj> 1.
Bjp = XiZg GzaV12e-modN fort=012,..,N—1landj>1
Similarly, all other steps are executed.

1.2. The Probit Model

After decomposing time series with MODWT to extract high-frequency fluctuations, the |
standard probit model is applied to evaluate the predictive power of yield curve spreads |
examined concerning future recessions (Estrella and Mishkin, 1998). Using probit model, a i
variable that predicted can only take two binary values that equal one if the economy is in |
recession else equals 0. Theoretically, the model that forecasts the probability of h-period ahead

recession with available information at time t is defined as follows:

Let y{ is an unobservable recession indicator and represents the state of the economy. There is

a relation between the y; and x, according to the following linear model:

* e 7
Vesn = B'x; + &.
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We assume that y, is an observable binary variable that 1 if the economy is in a recession or
if not:

_{1ify§>0
Ye=ifyr <0

Where h is forecast horizon, B’ = [B,, 1] is a vector of coefficients corresponding to vecthe
tor of x, =[1,x;]' predictors, including constant , & is a normally distributed error

term, £.~N(0,1) , and distributed independently .
The model is estimated with this equation:
Prob(yeen = 1lx, B) = @(B'xy).

where @(.) is the cumulative standard normal density function corresponding & , Yy 1S a
dependent observable recession variable which determines the occurrence of a recession at time
t + h and using maximum likelihood, a forecasting model is estimated with the following

likelihood function:

L(B) = ITi=1[@ (B x)]Pt [1 — P (B x, )] Vexn.

Alternatively, the log-likelihood function is given as follows:

logL(ﬁ):Zle Vesn log @(B'x,) + 21:1(1 — Yern)log (1 — @(8'x,)).

Since @ (.) is monotonically increasing and between 0 and 1, commonly the following standard

normal CDF (a probit model) function is used
= i 2 —tg2
d(x) = [ - exp{ St }dt.

To empirically analyze the forecast model, the “h” parameter is set as 3, 6, 12, 24 for three, six,

twelve and twenty-four-month-ahead predictions, respectively.

11



1.3. Yield Curve Spreads and Data

The main focus of our study is to find the best indices as a useful predictor of future recessions
among more than one spread. Therefore we examine various term spreads and credit spreads
that are produced using interest rates. We use monthly data ranging from January 1960 to March
2017. Table 2 shows the names, informational lags, and descriptions for all variables studied in
this thesis. The sample period between January 1960 and March 2017 is selected to maximize
data availability in the Federal Reserve of St. Louis and to cover as many as possible recession
dates. Table 1 illustrates the National Bureau of Economic recession dates and announcement
dates are used to determine the values of y, the recession dummy that equals 1 (recession) or 0
(otherwise).

However, as shown in Table 1, some variable is not declared immediately, and we need to think
the information lag, in order to accurately evaluate forecasting models. For example, Federal
Funds Rate (FEDFUNDS) has one month of the information lag. So, FEDFUNDS 2000:01
refers to the Federal Funds Rate data on December 1999.

Turning Point Date  Peak or Trough  Announcement Date with Link
9-Jun-19 Trough 20-Sep-10

7-Dec-19 Peak 1-Dec-08

1-Nov-19 Trough 17-Jul-03

1-Mar-19 Peak 26-Nov-01

1-Mar-91 Trough 22-Dec-92

1-Jul-90 Peak 25-Apr-91

1-Nov-82 Trough 8-Jul-83

1-Jul-81 Peak 6-Jan-82

1-Jul-80 Trough 8-Jul-81

Table 1: NBER recession




Series Description Lag |
Interest Rates
FEDFUNDS Effective Federal Funds Rate 1
INTGSTUSM193N Interest Rates, Government Securities, Treasury Bills for United States 1
AAA Moody's Seasoned Aaa Corporate Bond Yield 1
BAA Moody’s Seasoned Baa Corporate Bond Yield 1
GS1 1-Year Treasury Constant Maturity Rate i
GS3 3-Year Treasury Constant Maturity Rate 1
GS5 5-Year Treasury Constant Maturity Rate 1
G510 10-Year Treasury Constant Maturity Rate 1
TB3MS 3-Month Treasury Bill 1
TB6MS 6-Month Treasury Bill 1
Term Spreads
TB3MSMFFM 3-Month Treasury Bill - Federal Funds Rate 1
TB6MSMFFM 6-Month Treasury Bill - Federal Funds Rate 1
GS10MFFM 10-Year Treasury Constant Maturity Rate - Federal Funds Rate 1
GS5MFFM 5-Year Treasury Constant Maturity Rate - Federal Funds Rate 1
GS3MFFM 3-Year Treasury Constant Maturity Rate - Federal Funds Rate 1
GS1IMFEM 1-Year Treasury Constant Maturity Rate - Federal Funds Rate 1
GS10MGS1 10-Year Treasury Constant Maturity Rate - 1-Year Treasury Constant Maturity Rate 1
G510MGS3 10-Year Treasury Constant Maturity Rate - 3-Year Treasury Constant Maturity Rate 1
GS10MGS5 10-Year Treasury Constant Maturity Rate - 5-Year Treasury Constant Maturity Rate 1
GS10MTB3MS 5-Year Treasury Constant Maturity Rate - 3-Month Treasury Bill 1
GSI0MTB6MS 5-Year Treasury Constant Maturity Rate - 6-Month Treasury Bill 1
GS5MGS1 5-Year Treasury Constant Maturity Rate - 1-Year Treasury Constant Maturity Rate 1
GS5MGS3 5-Year Treasury Constant Maturity Rate - 3-Year Treasury Constant Maturity Rate 1
GS5MTB3MS 5-Year Treasury Constant Maturity Rate - 3-Month Treasury Bill 1
GS5MTB6MS 5-Year Treasury Constant Maturity Rate - 6-Month Treasury Bill 1
GS3MGS1 3-Year Treasury Constant Maturity Rate - 1-Year Treasury Constant Maturity Rate 1
GS3MTB3MS 3-Year Treasury Constant Maturity Rate - 3-Month Treasury Bill 1
GS3MTB6MS 3-Year Treasury Constant Maturity Rate - 6-Month Treasury Bill 1
GS1IMTB3MS 1-Year Treasury Constant Maturity Rate - 3-Month Treasury Bill 1
GSIMTB6MS 1-Year Treasury Constant Maturity Rate - 6-Month Treasury Bill 1
TB6MSMTB3MS 6-Month Treasury Bill - 3-Month Treasury Bill 1
Credit Spreads
AAAMFFM Moody’s Seasoned Aaa Corporate Bond Yield - Federal Funds Rate 1
BAAMFFM Moody's Seasoned Baa Corporate Bond Yield - Federal Funds Rate 1
AAAMGS10 Moody's Seasoned Aaa Corporate Bond Yield - 10-Year Treasury Constant Maturity Rate 1
BAAMGS10 Moody’s Seasoned Baa Corporate Bond Yield - 10-Year Treasury Constant Maturity Rate 1
AAAMGS5 Moody's Seasoned Aaa Corporate Bond Yield - 5-Year Treasury Constant Maturily Rate 1
BAAMGS5 Moody’s Seasoned Baa Corporate Bond Yield - 5-Year Treasury Constant Maturity Rate 1
AAAMGS3 Moody's Seasoned Aaa Corporate Bond Yield - 3-Year Treasury Constant Maturity Rate 1
BAAMGS3 Moody’s Seasoned Baa Corporate Bond Yield - 3-Year Treasury Constant Maturity Rate 1
AAAMGS1 Moody's Seasoned Aaa Corporate Bond Yield - 1-Year Treasury Constant Maturity Rate 1
BAAMGS1 Moody’s Seasoned Baa Corporate Bond Yield - 1-Year Treasury Constant Maturity Rate 1
AAAMTB6MS Moody’s Seasoned Aaa Corporate Bond Yield - 6-Month Treasury Bill 1
BAAMTB6MS Moody’s Seasoned Baa Corporate Bond Yield - 6-Month Treasury Bill 1
AAAMTB3MS Moody’s Seasoned Aaa Corporate Bond Yield - 3-Month Treasury Bill 1
BAAMTB3MS Moody's Seasoned Baa Corporate Bond Yield - 3-Manth Treasury Bill 1

Table 2: List of Variables

2. Empirical Results

Forecast methodology

13

In this study, we focused on the out-of-sample performance of the recession forecast models.
The out-of-sample exercises are employed respectively for three, six, twelve and twenty-four-
months ahead predictions. Our training data starts from 1960:01 to 1977:12 for three month-
ahead predictions for all prediction exercises and a new observation is added each time. The

out-of-sample prediction exercise starts from 1978:04 and ends at 2016:03 for three month-



ahead predictions, starts from 1978:07 and ends at 2016:06 for six month-ahead-predictions,
starts from 1979:01 and ends at 2016:12 for twelve month-ahead-predictions, starts from
1980:01 and ends at 2017:12 for twenty-four month-ahead-predictions.

While examining the out-of-sample performance of various interest rates and yield curve
spreads as the predictor of U.S. recessions, we considered the informational lag of variables.
Considering the informational lag on variables, we examined the forecasting exercises. Based
on Soybilgen (2016), we initialized the prediction exercises according to the pseudo-real-time
performance for all forecast horizon. Moreover, we assumed that there is no historical data
revision on the sample data, and the predictions are conducted at the beginning of the month.
Following these assumptions, we used the same historical data for all steps of the model
estimation and prediction processes.

On the other hand, we took all of the recessions and expansions period published by NBER
during the out-of-sample processes into account. The recessions can never be observed directly,
and the NBER announces the date of the recession almost a year later. The
NBER has historically revealed the business cycle turning points that correspond to peak or
trough with a delay of 4 to 21 months for a long time. For example, the beginning of the
recession that corresponds to a peak in the economic activity in December 2007 was announced
in December 2008. Therefore, we make the following assumptions in order to maintain the

historical data availability and update information in every step of the exercise continuously:

1. Only, the data of the turning point can be obtained after the date of turning point is
announced by NBER.

2. There is a maximum of 12 months between the date of a turning point and the
announcement of the peak.

3. The recession takes at least six months after the peak is announced.

In this thesis, we decided to extract high-frequency part from the original series using the
maximal overlap discrete wavelet transform (MODWT) because high-frequency fluctuations
on the data may lead to poor prediction performance. MODWT using four different wavelet
families with a different number of vanishing moments is applied the various term spreads,
credit spreads and interest rates to eliminate high-frequency fluctuations. After the
transformation process, we obtain scaling coefficients correspond to low-frequency fluctuations
and wavelet coefficients corresponding to high-frequency fluctuations. These scaling
coefficients are used as regressors in the probit regression to forecast a recession in the U.S.

The predictive power of each of these spreads are then evaluated with QPS.

14




As shown in the diagram below, two types forecast model is implemented in this study

including pure probit regression model as well as transformed probit regression model based

on MODWT.

Forecast
————» Noisy Signal » Probit Model » Recession in »|  Evaluaie
us,
Figure 5: Standard Probit Model
Extract Low- Forecast
———» Noisy Signal » Frequency | Probi WMode! Recession in » Evaiusie
Fluctiations us

Figure 6: Wavelet Based Probit Model

In the first model, we tried to predict whether the U.S. would be in a recession using only the
probit model without any noise reduction. Similar to Estrella and Mishkin (1998), the out-of-
sample results are obtained in the following way for model 1. First, we estimate our model
using each of the 45 variables one by one as shown in Table 2. Then these estimations are used
to test for 3, 6, 12, 24 ahead forecast. After adding one more month to the estimation period,
the same steps are executed for all ahead predictions. For example, we want to find an out-of-
sample result that is whether the U.S. in recession or not at April 1978 using
FEDFUNDS, 475.01 - However, due to one-month informational lag on FEDFUNDS, we have
only information from 1960:01 to December 1977:12. Therefore, considering the NBER
business cycle chronology assumptions, we estimate our model-using FEDFUNDS index from
1960:01 to 1977:09 and turning point information from 1960:05 to 1978:01.

Secondly, unlike model 1, we did not use the original series in model 2, on the contrary, we
applied scaling (low-pass) filter to regressor shown in Table 2 to yield a set of scaling
coefficients ¥ using MODWT. Hence, we obtained low frequency fluctuations of series rather
than high frequency fluctuations. Then the decomposed series are used in the probit model in a

same way as mentioned above.
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In standard probit model, we model the relationship between Prob(y, = 1|x,_,) and x; ina
following way:
Prob(y; = 1|x;—p) = @(Bo + x'-nB1)-
fien = @(Bo + x'Bo).

where h =3,6,12,24 @ is standard normal CDF,f is the forecasted recession probability which
is between 0 and 1 and x; is the observed series. The coefficients 0 and Bl in are the unknown
parameters and must be estimated based on the available training data and the estimates B, and
B,are chosen to maximize likelihood function.

In our wavelet-based model, the relationship between Prob(y; = 1|#,_,) and ¥, is built
in a following way:

Prob(y; = 1|#;_p) = ®(8y + ¥'t_n81),
féin = ‘D(Su + ﬁtrgl)s

where h =3,6,12,24 @ is standard normal CDF,f, is the forecasted recession probability
which is between 0 and 1 and ¥, is the transformed series. The coefficients 8, and 6; in are
unknown and must be estimated based on the available training data and the estimates &, and

8, are chosen to maximize likelihood function.

2.2. The Quadratic Probability Score

Following Katayama (2010), in order to evaluate pseudo real-time out-of-sample forecasting

performance, we used the quadratic probability score that is the most commonly used measure.
QPS = %Zrn(fﬁh = Yean)?s

where f;,; is the h period ahead forecast probability of recession at month t + h given the

information up to time t, y;,, is the realization of recession at month t + h and T is the total

number of the observations. The QPS simply compares the realization of recession and the

forecast probability of recession that is represented by a binary variable 1 or 0. The range of

QPS lies down between 0 and 2. The smaller values of QPS correspond to more accurate

forecasts.

2.3. Out-of-sample results and performance

All QPS scores for all forecast horizons and wavelet families are shown in table 3 to table 12.

Also, we choose the ones with the best performance for all models within the best of QPS scores
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for simplicity. Table 15 to Table 26 summarize percentage improvement of forecast
performance of wavelet-based method over forecast performance of standard probit model
Table 29 to table 30 summarize best the out-of-sample forecasting performances. the first
column gives rank, the second column gives the abbreviation of the index, the third column
gives the QPS scores, and the fourth column gives their corresponding methods that are pure
probit model or transformed model with MODWT. Also, standard means pure probit model
whereas others such as haar, db2, coif3 mean transformed model with MODWT in the best of
QPS scores table.

First, we will look at forecasting performance of predicting a three-month-ahead recession.
According to three-month-ahead exercise results, wavelet-based approach improves the
prediction power of various yield curve spread. As shown in table 13, although there is a small
improvement by place, almost all of the financial indices used in the transformed model with
MODWT outperform the model where the series is not filtered. For example, best predictor is
GS1MFFM, spread between 1-Year Treasury Constant Maturity Rate and Federal Funds Rate,
in both pure probit model and transformed model using Daubechies with ten vanishing
moments according to QPS scores; however, pure model’s QPS score is 0.312 whereas other is
0.123,

We used Haar, Daubechies, Symlets and Coiflets wavelets with a limited number of vanishing
moments in the predict processes for comparison and found that best predictor is TB6SMFFM
in the model performed with Haar, GS3MFFM in Daubechies with sixteen vanishing moments,
Coiflet with two vanishing moments, Symlet with four vanishing moments. In addition, the best
score among all type of wavelets is constructed by Coiflet with two vanishing moments. On the
other hand, we realized that an increasing number of vanishing moments in Daubechies wavelet
causes improvement in the QPS scores.

In contrast to the better performance of these term spreads, if we look at the worst-case scenario
based on QPS scores, we founded that most of all credit term spreads have poor prediction
performance. On the other hand, interest rates do not contain useful information for prediction
in three period ahead prediction exercise. It could not even enter the top 10 QPS ranking even
in all of the wavelet-based model rather than pure probit model. A similar pattern was drawn in
the six months ahead prediction exercise as in the three ahead prediction.

Although QPS scores broadly show a similar pattern between three-month ahead prediction
and six months ahead prediction, the best indicator for forecasting is the term spread between
3-Year Treasury Constant Maturity Rate - 1-Year Treasury Constant Maturity Rate
(GS3MGS1) rather than GS3MFFM in six months ahead exercise.
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GS3MFFM, GS3MGS1, GSIOMTB3MS, TB3SMFFM, and GS10 also include useful

information for given the forecast horizon of six months. It is important to point out that these

terms spread outperform the credit spreads, Moody's Seasoned AAA Corporate Bond Yield and
Moody's Seasoned Baa Corporate Bond Yield for both pure probit model and wavelet-based
approach model.

Although widely used recession predictor, term spread between 10-Year Treasury Constant
Maturity Rate - 3-Month Treasury Bill (GSIOMTB3MS) have good QPS score, not best, it
might be used for both three and six months ahead exercises because of the useful information
it contains.

If we look at the performance of wavelet-based approach, term spread between 3-Year Treasury
Constant Maturity Rate - Federal Funds (GS3MFFM) Rate wavelet-based model-using haar,
db2 and sym?2 transformations outperforms pure probit model according to QPS. Therefore, we
conclude that although best predictor is GS3MFFM in both the pure probit model, the wavelet-
based model-using haar, db2, and sym2 transforms, wavelet model improves prediction
performance.

Now we will look at the performance of predictor between wavelet models based on QPS
scores. GS3MFFM have relatively good forecasting performance and is the best predictor in all
Daubechies wavelet transformed model. However, an increasing number of vanish moments on
Daubechies wavelet transform cause a bad influence on QPS score. However, this pattern is not
valid for other wavelet transforms. For example, although the model based on Coiflet transform
with four and five vanishing moments have the same best predictor that is term spread between
3-Year Treasury Constant Maturity Rates-1-Year Treasury Constant Maturity Rate
(GS3MGSI1), Coiflet with five vanishing moment have better forecasting performance than
another one.

The same applies to Coiflet with two and three vanishing moments. On the other hand, Symlets

“wavelet with two and eight have the same QPS score. However their best predictors are

different. While the best predictor is the term spread between 3-Year Treasury Constant
Maturity Rate - 1-Year Treasury Constant Maturity Rate in sym8, 3-Year Treasury Constant
Maturity Rate — Federal Funds Rate is the best in sym2.

As in predicting three and six-month-ahead recession probabilities, the term spread between 3-
Year Treasury Constant Maturity Rate - 1-Year Treasury Constant Maturity Rate (GS3MGS1)
is the best predictor for twelve-month horizon prediction. In addition, the worst scenario in the
twelve-month ahead exercise is for the credit spreads and bond yields. Not only credit spreads

between bond yields and interest rates but also bond yields do not contain useful information
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SERLI S

for twelve-month forecast horizon. Interestingly, INTGSTUSM193N, TB3MS, TB6MS, and

GS1 have good performance for twelve-month-ahead recession probabilities.

Best predictor in pure probit model and many wavelets transform based models such as Haar
wavelet, Daubechies wavelet with two and three vanishing moments, Symlets wavelet
with two and three vanishing moments is term spread between 3-Year Treasury Constant
Maturity Rate - 1-Year Treasury Constant Maturity Rate. However, wavelet-based approach
outperforms pure probit model based on QPS. Also, it can be seen on the best of QPS score
table that using five to sixteen vanishing moment for Daubechies wavelet transform does not
change the best predictor.

Prediction pattern and indexes for twenty four-month forecast horizons are quite different from
the three, six and twelve-month forecast horizons. Although there is a bad forecasting
performance using credit spread and Moody's corporate bond yield, 6-Month treasury bill - 3-
month treasury bill (TB6MSMTB3MS) and 1-year treasury constant maturity rate (GS1) are
the best predictor rather than 3-Month Treasury Bill - Federal Funds Rate and 3-Year Treasury
Constant Maturity Rate - 1-Year Treasury Constant Maturity Rate.

Using wavelet transform based approach improves forecasting performance for the three, six
and twelve-month forecast horizons. However there is no difference between the pure probit
model and the wavelet-based model. Most of them have the same QPS score and the best
predictor variable. The same picture is valid for all Daubechies wavelet transform with all
vanishing moments. QPS score is 0.153, and best indicator is 1-Year Treasury Constant
Maturity Rate (GS1) for all.



Conclusion

In this thesis, we have built a model to analyze in two concepts. The first concept is that
comparing the performance of the original series with the decomposed series using MODWT.
The second one is that measuring performance of different yield curve spreads. Our goal is to
predict whether there will be a recession in the US by using different yield curve spreads and
MODWT between three and twenty-four months in the future. As in Estrella and Mishkin
(1996), we used the standard probit model to assess the relationship between recession dummy
and financial index. Also, we considered the lag of information on the financial indexes and
made assumptions about the announcement of the turning points by NBER in a similar way to
Fossati (2015) in order to establish the model in a fair way.

Although the model we proposed has no improvement in predicting the recession for twenty-
four month ahead, it works more accurate than the pure probit model in predicting U.S.
recessions for three to twelve months ahead. In addition, taking the credit spreads and corporate
bond yields into consideration, the model with yield curve spread remains useful in predicting
U.S. recessions. When we compare the predictive performance of different yield curve spreads,
we observed that the GS3MFFM and GS3MGS]1 have better results in predicting a recession in
the U.S.
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t of forecast performance of wavelet based method over forecast performance of

mprovemen

: Percentage

Table 17

iction exercise

standard probit model for 3-month-ahead pred
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Percentage improvement of forecast performance of wavelet based method over forecast performance of

Table 20

iction exercise

standard probit model for 6-month-ahead pred
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i

rovement of forecast performance of wavelet based method over forecast performance of

Percentage imp

Table 21

iction exercise

standard probit model for 12-month-ahead pred
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rovement of forecast performance of wavelet based method over forecast performance of

imp

Percentage
standard probit model for 12-month-ahead pred
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Percentage improvement of forecast performance of wavelet based method over forecast performance of

Table 24

1ction exercise

standard probit model for 24-month-ahead pred
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Percentage improvement of forecast performance of wavelet based method over forecast performance of

Table 25

Iction exercise

standard probit model for 24-month-ahead pred
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Percentage improvement of forecast performance of wavelet based method over forecast performance of

Table 26

1ction €xercise
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Table 27:Best QPS Scores for 3-month-ahead prediction exercise!

Best Scores
RANK INDEX QPS SCORE METHOD
1 GS3MFFM 0.115 coif2
2 GS3MFFM 0.115 sym4
3 GSSMFEM 0.115 symb
4 GS3MGS1 0.116 syml12
5 GS5MGS1 0.116 coif5
6 GS5MGS1 0.116 sym10
7 GS5MGS1 0.116 sym1l
8 GS5MFFM 0.117 sym?7
-, GS10MTB3MS | 0.117 sym8
10 GSIOMTB3MS | 0.117 coif4
11 GS10MTB3MS | 0.117 sym9
12 GS3MGS1 0.118 sym13
13 GS5MFFM 0.119 coif3
14 GS5MFFM 0.119 symé
15 GS3MFFM 0.119 dblé
16 GS3MFFM 0.120 db15
17 GS3MFFM 0.120 db14
18 GS3MFFM 0.121 db13
19 GS3MFFM 0.121 db12
20 GS3MFFM 0.122 dbl1
21 GS3MFFM 0.122 coifl
22 GSIMFFM 0.123 db10
23 GS1IMFFM 0.124 db9
24 GS3MGS1 0.124 syml14
25 GSIMFFM 0.124 db8
26 GS1IMFFM 0.125 db7
27 GSIMFFM 0.126 dbé
28 GSIMFFM 0.127 db5
29 GSIMFFM 0.128 db4
30 GS3MGS1 0.129 syml5
31 GSIMFFM 0.130 db3
32 GSIMFFM 0.130 sym3
33 TB6SMFFM 0.131 db2
34 TB6SMFFM 0.131 sym2
35 TB6SMFFM 0.131 haar
36 GSIMFFM 0.132 standard
37 GS3MGS1 0.147 syml6

1
Firstly, the best indexes in the wavelet and probit model in each QPS table is determined and then these best scores are ranked in their own.
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Table 28:Best QPS Scores for 6-month-ahead prediction exercise

2

Best

Scores
RANK INDEX QPS SCORE METHOD
1 GS3MGS1 0.115 sym8
2 GS3MGS1 0.115 coif4
3 GS3MFFM 0.115 haar
4 GS3MFFM 0.115 db2
5 GS3MFFM 0.115 sym2
6 GS3MGS1 0.116 sym9
7 GS3MFFM 0.116 db3
8 GS3MFFM 0.116 sym3
9 GS3MFFM 0.116 standard
10 GS3MFFM 0.116 db4
11 GS3MFFM 0.117 db5
12 GS3MFFM 0.117 coifl
13 GS10MTB3MS | 0.117 sym?7
14 GS10MTB3MS | 0.117 symé
15 GS1I0MTB3MS | 0.117 coif3
16 GS10MTB3MS | 0.117 sym5
17 GS3MFFM 0.117 dbb
18 GS3MFFM 0.118 db7
19 GS3MGS1 0.119 sym10
20 GS3MFFM 0.119 db8
21 GS10MTB3MS 0.119 sym4
22 GS3MFFM 0.119 db9
23 GS10MTB3MS | 0.119 coif2
24 GS3MGS1 0.120 sym11
25 GS3MFFM 0.120 db10
26 GS3MGS1 0.120 coif5
27 GS3MFFM 0.120 dbil1
28 GS5MFFM 0.120 db13
29 GS5MFFM 0.120 dbl4
30 GS5EMFFM 0.120 dbl5
31 GS5MFFM 0.120 dblé
32 GS5MFFM 0.120 db12
23 GS3IMGS1 0.130 sym12
34 GS3IMGS1 0.143 sym13
35 GS3MTB6MS 0.156 syml4
36 TB3SMFFM 0.158 sym15
37 GS10 0.160 sym16

2

Firstly, the best indexes in the wavelet and probit model in each QPS table is determined and then these best scores are ranked in their own.
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Table 29:Best QPS Scores for 12-month-ahead prediction exercise?

Best

Scores
RANK INDEX QPS SCORE | METHOD
1 GS3MGS1 0.115 db9
2 GS3MGS1 0.115 db10
3 GS3MGS1 0.115 dbill
4 GS3MGS1 0.115 dbi12
5 GS3MGS1 0.115 dbl3
6 GS5MGS1 0.115 dbl4
7 GS5MGS3 0.116 haar
8 GS5MGS3 0.116 db2
9 GS3MGS1 0.116 db7
10 GS3MGS1 0.116 dbs
11 GSEMGS1 0.116 dbl5
12 GS5MGS1 0.116 dblé6
13 GS5MGS3 0.116 sym2
14 GS3MGS1 0.116 coifl
15 GS55MGS3 0.117 db3
16 GS3MGS1 0.117 dbé
17 GS5MGS3 0.117 sym3
18 GS55MGS3 0.118 standard
19 GS5MGS3 0.118 db4
20 GS3MGS1 0.118 dbb
21 GS5MGS1 0.119 sym4
22 GS5MGS1 0.119 coif2
23 GS5MGS1 0.126 symb
24 GS5MGS1 0.131 sym?7
25 GSH5MGS1 0.132 symé
26 GS5MGS1 0.133 coif3
27 INTGSTUSM193N | 0.146 sym8
28 TB3MS 0.146 coif4
29 TB6MS 0.148 sym9
30 TB6MS 0.150 sym10
31 TB6MS 0.150 symll
32 TB6MS 0.150 coifb
33 GS1 0.152 sym12
34 GS1 0.153 sym13
35 GS1 0.153 syml4
36 GS1 0.154 syml5
37 GS51 0.154 syml6

3

Firstly, the best indexes in the wavelet and probit model in each QPS table is determined and then these best scores are ranked in their own.

49




Table 30:Best QPS Scores for24-month-ahead prediction exercise*

Best

Scores
RANK INDEX QPSSCORE | METHOD
1 TB6MSMTB3MS | 0.153 sym13
2 TB6MSMTB3MS | 0.153 sym14
3 TB6MSMTB3MS | 0.153 sym1l5
4 GS51 0.153 standard
5 GS1 0.153 db13
6 GS1 0.153 db12
7 GS1 0.153 db14
8 GS1 0.153 db15
9 GS1 0.153 db11
10 GS1 0.153 haar
11 GS1 0.153 dblé
12 GSs1 0.153 dbl0
13 GS1 0.153 db9
14 GS1 0.153 db2
15 GS1 0.153 sym2
16 GS1 0.153 coifl
17 GS1 0.153 db8
18 GS1 0.153 sym#4
19 GS1 0.153 coif?
20 GS1 0.153 db7
21 GS1 0.153 db3
22 GS1 0.153 sym3
23 GS1 0.153 dbé
24 GS1 0.153 db4
25 GS1 0.153 dbb5
26 GS1 0.154 symb
27 GS1 0.154 sym?7
28 TB6MSMTB3MS | 0.155 syml2
29 GS1 0.155 symé6
30 GS1 0.155 coif3
31 GS1IMTB3MS 0.156 syml16
32 GS1 0.158 coif5
33 GS1 0.158 symll
34 GS1 0.158 sym38
a5 GS1 0.158 sym10
36 GS1 0.158 coif4
37 GS1 0.158 sym9
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* Firstly, the best indexes in the wavelet and probit model in each QPS table is determined and then these best scores are ranked in their own.




