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he study proposes an approach to estimate the te ctures of daily real yields and expected

inflations. An affine multifactor interest mod® forydaily real and nominal vyields and daily
inflation rate is considered and then ag for the month so that it can be estimated
using aggregate daily nominal-yield and intgrmawon-variable data together with monthly inflation
data. Because the parameters are primarily daily, the {eal yields and expected inflations can be identified
by the parameter estimates and the informgjiio ridbles on the day. The approach is applied to identify
the daily term structures of real yields &‘ ected inflations for Thailand. Using the data from March

1, 2001 to August 30, 2013, the study\\finds<¢that the term structure of average real yields has a normal
shape, while that of the expected $ is flat. Inflation premiums are significantly different from zero,
with positive values for shorter matesities and negative values for longer maturities from 2 years onward.
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INTRODUCTION

Real yields and expected inflations are important information for securities trading and mi
monitoring. But these two variables are not observed. In the literature, alternative estimation technl

been proposed-among which multifactor affine interest rate models are popular due to their f

explain time-varying risk premiums (Eraker (2008)). For the U.S. market, for example, Ang et al. (20

. Chg

(2010) proposed a multifactor, modified quadratic term structure model and estimated the m res using
n a

these term structures using a regime-switching factor model with inflation and nominal yield ;ﬁ:

nominal-and TIPS-yield data. Recently, Ho et al. (2014) estimated the term structures, usin e multifactor

model and nominal-yield and inflation-derivatives-price data. For the U.K. market, Eva
regime-switching affine model and nominal- and TIPS-yield data in the estima
inal

with inflation and analyst-forecast inflation data. And, in Spain Gimero and Marges

003) employed a
al. (2010) developed
eal-yield data together

OMCE &

an essentially affine term structure model to estimate the structures using no

2012) applied an affine

model to estimate the structures using the data on nominal yields, inflation_ana<Qi¢vold-Li beta shape factors.

The studies of real yields and expected inflations for emerfjin arkets including Thailand are few.

Mills and Wang (2006) studied real yields in Korea, Malaysia, Sinf*2aore and Thailand. The study did not rely

on any interest rate model in the analysis. Because the authols
minus inflation, their real yields are measured with errors du ion of inflation premiums. For Thailand,
Khanthavit (2010) estimated the real curve using a two— affine model with the nominal yield and

o real yields as being nominal yields

inflation data, while Apaitan and Rungcharoenkitkul (2011y estimdted the real curve using a four-macro-factor

affine model with nominal vyield, inflation and observ—variable data.

In this study, | propose to estimate the_daily te% structures of real yields and expected inflations for
Thailand. My contributions are two folds. Firsfp4 Th r% is one of the most important emerging markets in the
world and one of the largest economies j u ast Asia. The sizes of its equity and bond markets in 2013
were approximately 350 and 275 biIIion@s,respectivelyﬂ Moreover, the Thai government recently issued
two inflation-linked bonds in 2011 aand planned to use the bonds for its fund raising in the future.

In the past, Khanthawt and Apaitan and Rungcharoenkitkul (2011) studied the term structure of
real yields but did not study e

to lagged reporting of infle @ economic variables. The Bank of Thailand (2003) also estimated real yields
eld

d inflations. Their real curves were estimated monthly and with lag due

s equaled nominal yields minus expected inflations. The expected inflations

and expected inflation.
were estimated e Ing a macroeconomic model under rational expectations. The Bank’s estimates

were monthly and due to lagged, monthly report of inflation and macro variables. Its resulting real yields

ecause the Bank ignored inflation premiums. Finally, although inflation-linked bonds have
been traded ai market since 2011, the market is extremely illiquid and the reported yields are mostly

indicative han executed yields.

AR

W an exchange rate of 33 baht per 1 USD.
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Real yields and expected inflations are needed to support asset trading and economic monitorin@

This study improves these data for the country.

Unfortunately, the real yields and expected inflations data for Thailand are incomplete, lagged or :

Secondly, the study proposes a technique to estimate real yields and expected inflations
basis. The daily rates are useful and important because they support more active trading of
especially inflation-linked bonds, and closer monitoring of the economy. The study is

techniques and data sets in the literature that can be used for daily estimation. Chen ar010) and Ho

daily. Yet it is difficult to apply them in Thailand or in other emerging markets_ In
inflation derivatives markets are young, illiquid or inexistent. The available datre daily nominal yields

e model for the month so that

and monthly inflation. ;
The technique proposed in this study is practical and new. It c affine latent-factor interest

model for daily real and nominal yields and daily inflation. Then it agm

the model can be estimated using monthly aggregate nominal yield\and nthly inflation data. Because the

parameter estimates are primarily daily, real yields and expecteds can be inferred from the estimates
O

and projected latent variables on the day. %

Using Thailand’s data from March 1, 2001 to Au@ZOB, the study finds that the term structure
of real yields has a normal shape, while that of expflations is flat. Inflation premiums are significantly
different from zero, with positive values for shorter ms and negative values for longer maturities of 2
years onward. Q

Q

Affine models have been used-idely to estimate real yields, expected inflations and inflation premiums.
In this study, | adopt the model of al. (2010) to describe nominal and real yields in Thailand. It is

e model which relates the nominal and real yields with a set of latent factors

an essentially affine term struct¢

' the real world. The model is flexible. It allows time-varying risk premiums
~f7latent factors can be raised to capture complex behavior of the yields.

linearly under a no-arbitrage col

and real short rate. The nuzh
Moreover, a latent factor found in previous studies to fit yields better than a macro factor model.

21 The Pricing of @ Nominal Bonds

In a no- environment, the time-t price Ptn’p‘ of a zero-coupon real bond with an n-period
maturity must § n by (Cochrane (2005))
C EfMi11Megz - Megn}s ()

tﬂ. is the real pricing kernel in j periods hence and Et{} is the conditional expectation

r/in the real world. The price Ptn'N of a zero-coupon nominal bond is given in a similar way
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but with the nominal pricing kernel M*t+j=Mt+j Ii*l"l being substituted for Mt+].. [ " is the consumer prl@

t
index at time t+]. v %
:N * * *
Ptn = E{Mt11Mt12 - Min}- %

From egs. (1) and (2), because the real yield yt“’R and nominal yield ytn’N
are —%Ln{Ptn’R} and —%Ln{Ptn’N}, up to a second order approximation the yields mm

y?’R=—-{Et(Z 1mt+])+ Vt(Z 1mt+])} .}31

Y'?'N _H{Et(2j=1(mt+] T[t+]))+ Vt(Z 1(mt+

2.2 Real Yields, Nominal Yields and Their Compositions %@@

is the variance operator

| A
where Mgy = Ln{Mt+j}. Teyj = Ln{ I+] 1} is logged inflation.%)
t+j
conditioned on the information at time t. m

1
=Vi(m;1). Using this relationship,

From eq. (3.1), the 1-period real yield ytl'R is —Et( 5 >

the real yield ytn’R can be decomposed into

{Et(z] 1 Yt+] 1) Z COm Mg, mt+j)}- (4)

COV() is the conditional covariance operatm term t(Z] 1yt+] 1) is the average
expected 1-period real y|eId In the risk neutral world, ¢ Yt Et(Z] 1Yt+] 1 So, the term

1
n —
—=Dii=> Covt(zs 1 Meys, mt+j) = _— Et(Z]—l yt+] 1) can be interpreted as being real

term premlum m

By definition, the break—even@ rate is ytn.N_ ytn,R. Its structure is given by
1
n n
Zj:l T[t+j) —3 Vt(Zj:l 1Tt+j)
n n
Zj:l My, Z]‘:l T[t+]')}' ©)

The term Et(Z, 1 @ is the expected inflation for the next n periods. The terms

1
_HE t(21—1 mt+ ;Covt(erLl Mgy »Zjn=1 T[t+j) are the Jensen’s effect (or inflation
aric

convexity) and the C e effect (Ho et al. (2014)). Their sum is the inflation premium.? Under the Fisher

hypothesis, y?@ + - Et(Z 1T[t+]) and the inflation premium is zero.

2.3 Stochasti vior of Pricing Kernels

@)g d, real pricing kernel I’rlt+1 takes on the form as in eq. (6).
X

W al. (2010) called the term %COV:(ZL m,;, Y1 Ty)  inflation premium. In Ang et al. (2008), the inflation convexity is
igno this study, | estimate the inflation premium from the difference between the break-even inflation and expected inflation.

n,N nR _ 1
Ye =Y = _{
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e AQA: oo
mey, = —([F+v'z) — 5~ A28y ()

The term (f-I-Y’Zt) is the real short rate. It can vary over time with a set of K laten @
1
H is

Z{ = [Zl,t: ---:ZK,t]- The real short rate is constant if Y' = [Yl’ 'YK] zero vector.” Vector

time-varying risk premiums.
2S5

At = l + th 7
Bll BlK

Vector A' = [}\1,...,}\1(] and matrix B = . The risk premium fortattar K is constant if

Pr1 - Pkx f
vector [Bkl' ey BkK] is zero. s"c+1 = [81,t+1: ey 8K,t+1] are Gaussian of factors zt+1. Their

o 0.. 0

mean vector is zero and their covariance matrix is £} = 0 . . agrors Z, , follow a VAR(1)

process in eq. (8).

Ziy1 = QZp + Epyg. % ®)

P11 0..
P21 P22 0...

Coefficient matrix (p =

because of three reasons. One, the struct

Pk1  Px2 - @
g unconditional correlations among the latent factors.
Two, in an affine model mean—reverting& sure mean-reverting real and nominal yields. Cairns (2004)
e o

pointed out that mean reversion was e desired properties of an interest rate model. And three,

the model relates inflation linearly h-ifa factors. So, the model’s inflation is mean-reverting. This property

is consistent with the inflation targetmg policy being implemented by many countries including Thailand.

When Gaussian shocssumed, the model’s inflation, real yields and nominal yields can be
negative. Negative inflation/re ields and, especially, nominal yields are not consistent with stylized facts
in some countries. Pre 'ies such as Chen et al. (2010) assumed different processes to ensure
their positivity. Thi s gues that Gaussian shocks can be used in the analysis. Negative inflations
are observed in orizon for example for a one-month horizon in Thailand (to be reported below).
Negative real s@s were found in the countries such as the U.S.A. for example by Ang et al. (2008).
Although negatie minal yields are uncommon, the Gaussian shocks can still be consistent if the
probability~of Wegdtive yields in the model is low.

O

In Joyce\ et al. (2010), K s one or zero depending on whether the real short rate does or does not vary with factor Zkt' In this
st | w ¥ to be a real value and test for its significance.
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This study acknowledges the observation made by Ang et al. (2008) that interest rates and inflatior@
can switch regimes. A regime-switching latent factors are more appropriate than a fixed structure
n

However, the objective of this study is to propose a technique to estimate daily real yields and inWdtio
expectations. A single-regime model suffices to demonstrate the working of my technique. In adh
study considers Thailand as the sample country. The sample period is short from March 1, 2001 2 August
30, 2013 and is after Thailand adopted the inflation-targeting policy. The possibility of and @m
regime switching, if there are any, should be small.

Because the logged nominal pricing kernel m*m is mm-n from eq. ((.it must equal

o)
7

1
x = ’ 05
miy = —(F+vy'z) — P AQd2g g — Ty g i ©)
2.4 The Pricing

Following Duffie and Kan (1996), Joyce et al. (2010) derive& ions for the real and nominal
yields as affine functions of latent factors in egs. (10) and (11)

ye® = —~{Ay + Bjz) Q (10)
yet = — AL + Biz), 2 ()

where A0= A*0=0.00 and B0=B*0 are (Kx1) zero% Coefficients An>0
Bn>0 and B*n>0 are determined sequentially with @o the systems of equations (12).

t+1’

*
and A and vectors
n>0

_ , 1., @
Ap=-tr+A,_; —B,_1Q4 B 10B,_ (12.1)
B,=-y +B,_,(p— Q& (12.2)

2
A; = —F— Wy + A* T B;I.Q.A* + %B;,_]_QB:I—l + % + O'%Al (12.3)
2 (@ —QB) + VQB, (12.4)

and

L= [1 0... 0] K is the unconditional mean of the inflation. The

are specific to the perfect correlation assumption of factor th with inflation ™,

where (p1 = (p[nO @
specifications (12.
Modification need@ e under a different assumption for nt
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3. MODEL ESTIMATION

3.1 Measurement Equations

measurement equations for day t are given by

1Tt IJ'T[ L 0
nq{,N * ’
_nlytl Anl B;kll wnl't

_ ny,N * l *'J w W
nyy, Ay, B}, ny,t
ytnh'N is the daily nominal yield with an nh—day maturity. | follow 3
of 21 trading days. So, n is 21h and 252h days for h-month and h-yeit s respectively. oonht is the
measurement error due to, for example, bid-ask spreads and zero e iNZrpolation. Inflation in eq. (13)
ensures its dynamic is consistent with the determining factors of fealand nominal yields.
| assume factor z is correlated perfectly with inflatjs to simplify the model structure. The

first factor then can be interpreted as being inflation factor. ct correlation assumption is not restrictive.
I(é e%‘n'

The factors are latent. When the first factor is inflation, thg r ing factors can be rotated so that the fit of

the model remains unchanged. @

The measurement equations of the observed varlables in (13) and the transition equations of the latent

factors in (8) can be estimated recursively t a?nan filter. The technique is common but quite difficult
to use especially in a highly non—Iinearﬁ ch as the one in this study. Moreover, because inflation is
con

reported monthly, daily estimation by th tional Kalman filter is not possible. The objective to estimate

daily real yields and expected inflati t be satisfied. To proceed, Harvey (1989, pp. 309-312) suggested
the filter had to be modified. But thewestimation by the modified filter is even more difficult and complicated.

3.2 A Linear Projection of La@ables
| propose an alterns technique to estimate the model on a daily basis even if inflation is reported

VAaLte
monthly. Latent factors projected linearly by a set of observed information variables q't= [qo =
1'q1’t,..., qn-l.t]' he on equation is given by

(14)

is the matrix of projection coefficients and
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| obtain eq. (15.1).

T M v Vit %
N * * *
—mye || A + B, b'q, + ©nye+ B, Ve @@k
e F [P f %

_nHytr:lH’N A;H BE’H wnH’t + Bl*lle
by + Hr by 1 R e Vit
* RN RN * l; */
Anl + Bn1b0 Bn1b1 s Bnlle qt + wnl,t + B 1 \ (152)
| A, + B;. b} B*’ ‘b, ... B} bkl wnH,t
= a'q; + ug. (15.3)

b'q_ is column ( of coefficient matrix b'" Eq. (15.2) rearranges t %lent vectors and matrices in
Vit

Wp. + + By v

n1,t nq t

% Wn,t T By Ve
[b1,0 + Uy by 1 SR 1]

* */ ! x/ ! */
An1 + Bn1b0 Bn1b1 Bn1b®at eq. (15.3) is in a familiar regression format.

|A%, + B by B*’ 'b; .. Bib

eq. (15.1) by noticing that q0t= 1. | define llt = and

Q
The regression is linear in information variablesA3ut it 15 highly nonlinear in the parameters. Eq. (15.3) is important.

All the regressors and regressants are om ow, the econometrician can use simple regressions for the

estimation. @

3.3 The Estimation Equations

day. Although nominal yields are reported daily, inflation is reported
be adjusted to align with the monthly observation of inflation data. Let

in month T. Summing eq. (15.3) for all day t in month T gives

=o' Zt L Zt 1 Ut (16)

ACUANCULEMAQSIA:MSUNYG  UKDNENassssuFnans
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unobserved real yields by information variables. When | substitute b’ q +V for Z in eq. (13) and coII
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dT dT n4,N dT nH,N dT
Variables thl T, thl Y R thl Ve and 2t=1 (¢ are observed on a month@

basis. Because Zggl e is the sum of daily inflation, by definition it is monthly inflation. The nom%
ard

and information variables are available daily, so their sums for the month can be computed in a straightf

d
way. Zt21 U; is the sum of regression errors in the month. %

Eq. (16) enables the econometrician to estimate the model from monthly inflation 2
nominal yields. Because the parameters in eq. (16) are the ones from the daily model, the reydltia estimates
are daily. Daily real yields and expected inflations can be inferred from these estime@ information
variables for the days. This aggregation technique to estimate the daily parameters fro wnthly data is similar

to that in Adrian et al. (2013).

3.4 The Regressions %

| use the nonlinear seemingly unrelated regression estimation (SU techpyue to estimate eq. (16).
SURE does not require Gaussian shocks. The SURE estimates are consiste nd erdcient due to the information
in correlated shocks. The procedure is two-step. In step 1, | estim the ariance matrix of the shocks

t;rl U, Because the model is linear in the information variables,\the cGvariance matrix can be estimated

conveniently by a linear SURE regression. In step 2, | use nonIine to estimate the parameters embedded

in eq. (16). | assume the covariance matrix of the shocks is

d
It is important to note that 12,(21 Uy are the sum daily shocks in month T. Although the daily

om the first step.

shocks have constant variances, their monthly aggregot because each month has different numbers of
hi

trading days. To correct for heteroscedasticity, the mo ariables for month T is weighted by VdT-

Q
3.5 Discussion of Related Literature Q
Because the proposed technique is d on SURE, the estimation is computationally fast compared
to the traditional Kalman filtering technimently alternative computationally-fast estimation techniques to
have been proposed in the literature. /Gsia et al. (2011) propose a two-step estimation technique. They assume
an N-factor model in which N yieldsed without errors and the remaining yields are priced with small
errors. In the first steps the parameters to govern the dynamics of N factors are estimated from a VAR of

structural parameters from } errdining yields. Hamilton and Wu (2012) make the same assumption as do

those N yields. These parametgq

he N yields are then used in the second step to recover the remaining

Joslin et al. (2011) about prig errors and regress all the sample yields on the current and lagged N yields
to obtain reduced-form 1@ eters. Noticing that the resulting estimators are functionally related with the model
parameters, they recoxer e the model parameters from the reduced-form parameters by a minimum-chi-square

estimation. Adriar( et 2013) assume observed factors and estimate the parameters by liner regressions.
Their technique ilar to that of Fama and Macbeth (1973). Because the estimation in each step is linear
regression, th putation is extremely fast.

posed to the three studies, my technique does not assume that factors are observed or that

S olds are priced without errors. It maintains the factors are latent and the pricing suffers measurement
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errors. The linear projection to extract the information about the unobserved factors in a pricing model Wi@

measurement errors should be more realistic.

4. THE DATA

4.1 Samples and Data Sources

to August 30, 2013. Because this period is not very long and is after May 2000--the poi
of Thailand adopted the inflation targeting policy, the possibility of and effects from s
be small. The nominal yield data are daily for 1-month, 3-month, 6-month and 1-yea
with one-year increments, from the Thai Band Market Association (Thai BM &.n-

coupon curve expands the maturities up to 48 years, | employ the yields of up4 O-{epr maturity because of

low trading liquidity of loner-term bonds. The inflation is logged monthly infla4
consumer price index from the Bureau of Trade and Economic Indices@ 6f Commerce. Panel 1.1 in

Table 1 reports the descriptive statistics of inflation and nominal yields

ON

the Gaussian assumption for factor z1t in eqgs. (8) and (13). arm structure of average nominal yields has

a normal shape, while the volatility structure is inverted. T/jie al term structure is similar to the ones found

for the US.A. by Jian and Yan (2009) and the U.K. bu=loyce et al. (2010). But the volatility structures in the
USA. and the UK. are normal. Thailand’s inverted term structure is probably because long-termed

bonds are less liquid. On a no-trading day, the yields of these bonds are quoted yields from dealers who

Q

interpolate today’s yields from yesterday’s yi(@g
@N. Data Descriptions

/Qﬂel 1.1: Descriptive Statistics

Variables Average Max \ O~ Min Std. Skew. E. Kurt. JB Stat.
Inflation 2.6804% &5.8264% -36.7878% 6.6873% -1.2803 9.2715 578.2402"
™M 2.4260% ﬁ\\w 0.7799% 1.0915% 0.6027 -0.3174 198.0985 "
3M 2.4968% W)\% 0.7981% 1.0767% 0.5817 -0.3078 184.6539"
6M 2.5087% N}zms% 0.8633% 1.0643% 0.5423 -0.3619 166.6587
% 2.7271% @ 5.3154% 0.9314% 1.0585% 0.5171 -0.4169 158.5104
2y 3.01 5.5432% 1.1781% 1.0499% 0.5662 -0.3152 176.1810
3y \6 L/ s8372% 1.3491% 1.0056% 0.5616 -0.1891 165.3990"
4y //Q\@ 6.1637% 1.4515% 0.9443% 0.4743 -0.0377 114.9058 "
5Y 3.7237% 6.3980% 1.5680% 0.9260% 0.4121 -0.0992 87.8464
6Y o %504% 6.6710% 1.7383% 0.8942% 0.3239 -0.1741 57.3600
7Y %k 4.1527% 6.7853% 1.8978% 0.8694% 0.2844 -0.2531 49.4308"
BN 4.3061% 6.8614% 2.0604% 0.8875% 0.2759 -0.4829 68.5419
9 U 4.4184% 6.9546% 2.2364% 0.9191% 0.3041 -0.5455 85.0894"
/-%\ 4.5586% 7.1884% 2.4839% 0.9458% 0.3368 -0.5930 102.6925

N}statistics for inflation is monthly, while those for nominal yields are daily. *** = Significance at a 99% confidence level.
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Panel 1.2: Principal Component Analysis of Nominal Yields

Principal Component

Contribution

1

77.5967%

2

Accumulated Contributiom
7%
V N
%

20.3197% .
= O
3 1.6444% Wo %

4 and Over 0.4392% @

None of Thailand’s nominal yields were negative. But these stylized facts do no tO Gaussian

assumption for the latent factors. The assumption is still valid if the probability of negztive nominal yields is

inal yields. These
test results support the use of SURE in the estimation because SURE does Gaussian errors.

In a multifactor model, the exact number of factors is unknown. It p2ust beyproposed by researchers.

In the past, two to four factors were chosen. Their reasons varied. Ang e . 2 chose three factors. They
argued that three factors had been used often in order to match term dynamics. Joyce et al. (2010)
acknowledged Joyce at al. (2012) that two factors sufficed to epra@elds in the UK. Yet, they added
two more factors to improve the fit. Chen et al. (2010) conducted ‘ ipal component analysis (PCA) to help

determine the number of factors. They found that one and t cig=s could explain 97.26% and 98.61% of
the variation in U.S. real and nominal yields. Hence they use@o—factor model in their study.

The behavior of real and nominal yields in di#fatent markets can differ. The numbers of factors can
differ too. Using the number that fits one market fo may over- or under-parameterized the model. |

follow Chen et al. (2010) to conduct a PCA to help i%entify the number of factors. PCA ensures that the

chosen number is supported by the data and iculaxyto the market being considered. The findings are report

lain 97.92% of the variation. The third factor adds only

in Panel 1.2. | find that the first two factor

1.64%, while factors 4 and over contribm
4.2 Information Variables @

| project the latent faltors by a set of observed information variables so that all the variables
are observed and the model stimated by simple regressions. The choice of information variables is
important. They must be ab dct the latent variables. If not, coefficient matrix ' is zero and the model
parameters cannot be infe se n= 5 variables in the projection. The first is a constant. The remainders

are 1-day lagged Bjortensen (1999) beta shape factors. As Khanthavit (2013) reported, these factors
could predict Thailarss inal term structure accurately.

To chet projection ability, | regress daily nominal yields on daily information variables and regress

lly. These findings lead me to choose a two-factor model.

and monthly-aggregate nominal yields on monthly-aggregate information variables. From eqgs.

(14) and e information variables are able project the latent factors, the regression coefficients must be
significa » results are in Table 2. | find that the coefficients for the nominal yields are highly significant
,Q e daily and monthly regressions. For inflation, the coefficients for beta shape factors 3 and 4 are
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significant at a 90% confidence level. Based on these results, | conclude that the chosen information variabl

have the ability to project the latent factors.

D

It is noted that the R®s for nominal yields are very high. All are over 99%. The high R”s als

d
\7

highly significant coefficients can be explained by Khanthavit’s (2013) observation that the nomi c : lds<dnd

beta shape factors were long-memory, near-I(1) variables. So, the results were similar to the o

integration regressions. %

5. EMPIRICAL RESULTS

5.1 Parameter Estimates W
The parameter estimates are reported in Table 3. Firstly, I'd like to diect alggntion to the expected

inflation uﬁ. The estimate is 2.46% per year, which is close to the sarpale aveyage of 2.68%. Secondly,

the autocorrelation coefficient (p11 of daily inflation is 0.0179. The posi N,
on.(x

relation is consistent with
the positive 0.3332 coefficient from an AR(1) regression of monthly infla t its implied monthly level of

0.000854 is not close. The difference is probably due to the fact thaf the~2000854 level is jointly determined

by the inflation and aggregate nominal yields, while the 0.3332 leyx by inflation alone. Thirdly, the projection

coefficients b(k 12a0n € significant thereby once again ensuri
=1.2).(g=0.1....

are comparable with the ones found for the UK. by Joyce

arojection ability. Fourthly, the parameters
010). Our A\ and B's are very large, while
our ’s are very small. Finally, the average real short rat¢/ in~this Study of 0.0048% per year is small. In the
following section, the small real short rate explains a@ role of the average expected 1-day real yield in

the variation of nominal yields.

Q
Q
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b@
O
%
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O
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Table 3: Parameter Estimates

%

Parameters Value
rx 25200 0.0048 @3
Y1 -0.7986 P \%—
Y2 -0.0004" (@
A 59,0315 @W@
A, 38.6664 /\\%
B11 49325540

Biz -620.7170"@\\\

B21 f 23(@
CO

P11 %3\79 il

P21 B -140747
P22 @%}‘Z

0, . C .0002"
o, . 0.0027m
1, X 25200 @k\ 2.4620
b1,0 P i;o -0.0002
b 0.0034"
1,1 %
by, m -0.0130
. A\ N
b1,3 y 0.0218
by 4 m -0.0335"
by o 0.2599 "
b2,1 A -10.2587
b, 5 @C\ -8.8686
b, 5 N 2.0555"
b, 4 A v 6.9794"

Note: *** = Significance at a 99% confide@

5.2 Specification Tests

| follow Ang et al. (2538 onduct specification tests for the model. If the model fits, the moments of
sample and fitted nominal Yig should not differ. Comparison of the means, standard deviations, skewnesses
and excess kurtoses a ble 4. The numbers in the first lines are for fitted yields and those in the second

lines are their devia om the sample moments. Significance is based on the White (2000) procedure.
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Table 4: Specification Tests

Descriptive Statistics f
Maturity ( /\
Mean Std.
2.4317
™
0.0057
2.4833
3M
-0.0136
2.5697
6M
-0.0290
2.7382
1y
0.0111
3.0480
2y
0.0328
3.3237
3y
0.0776
3.5693
4y
0.0756
3.7886
5v
0.0649
3.9847
6Y
0.0343
4.1606
7v N
0.0079 ) o . )
~
4.3185 m 0.4614 -0.5169
8y s
0.0124 -0.2494 0.1855 -0.0340
44607 W.w& 0.4613 05170
9y o) .
0.0423 073229 0.1572 0.0284
4.5890 o 05584 0.4612 0.5171
10v
00304 | SR 4 03875 0.1243 0.0758

Note: ™ = Significance at a 99% confidence level.

in the lower lines are the deviations from samplm
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5.3 Daily Real Yields and Expected Inflations @
d

D

The estimation of daily real yields and expected inflations is successful. In Panel 5.1 of Tal
term structure of Thailand’s real yields is time varying. Its average has a normal shape. The averages for n
3-month maturities are negative but rising. They turn positive for a 6-month maturity and over. In Pan h
ch

expected inflations are more volatile for short horizons, while those for long horizons do not vay he

average structure is flat. A flat shape is expected due to a small autocorrelation of daily infl

5.4 Inflation Premiums
Nominal yields are real yields plus expected inflation plus inflation premiu For some reasons,

researchers, practitioners and regulators assume zero inflation premiums at tF , Mill and Wang
Od

their study of real
yields in Asian markets. And the Bank of Thailand defined real yields in a sim fasiidn.

Inflation premiums need not be zero. In this study, | computo premiums for Thailand by
subtracting the real-yield and expected-inflation estimates from the s le inal yields. The premiums are

reported in Panel 5.3. The premiums for short maturities are positive am for long maturities are negatives.

(2006) defined real yields by the difference between nominal yields and expe

The inverted shape is different from a normal shape in the U.S.A AR et al. (2008)) and a humped shape in

the UK. (Joyce et al. (2010)). % O

| test for zero inflation premiums and reject themses for all the maturities. Significant inflation
premiums imply that the estimates of Thailand’s realbased on a zero-premium assumption are biased

downward for short maturities and biased upward for<ang<naturities.

Q
Q

oS
b@
O
%
$§\
O
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Table 5: Daily Term Structures
Panel 5.1: Real Yields

Level (%)

Maturity Average ( Min Std.

™M 0.0727 8757 -1.8494 1.1365
3M -0.0188 2.7628 -1.9543 1.1847
6M 0.0714" /_\ Q 2.8680 -1.8994 1.1804
% 0.2472" (/\E 7 2.9596 -1.6759 1.1406
2y 0.57{(“ ~ 3.0754 12111 1.0518
3y 935.2\)“ o 3.1674 -0.7862 0.9692
ay (@5 3.2466 -0.4048 0.8947
5Y - 13424” 3.3162 -0.0633 0.8279
6Y } 1.5470" 3.3778 0.2427 0.7679
7Y u)%os‘" 34328 05173 0.7140
8y /\\/ 1.8950" 3.4820 0.7642 0.6655
M @f 2.0432" 3.5261 0.9866 0.6218

(-\ 21770 3.5658 1.1873 0.5824

10Y
Note: *** = Significan

O
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5.2: Expected Inflations

Level (%)

Maturity Average Max Min Std.
1™ 24617 <72(>06V 2.4454 0.0077
3m 24619 @4715 2.4565 0.0026
6M 2.4619" 2.4667 2.4592 0.0013
1Y 2.4620" O oupa4 2.4606 0.0006
2y 24620 mv 2.4632 2.4613 0.0003
3Y 24620 V\\ 24628 2.4615 0.0002
/— 4
ay 2.462«a \ 2.4626 2.4616 0.0002
5Y ;/"‘0\ 2.4625 2.4617 0.0001
6Y @5 2.4624 2.4617 0.0001
7Y 24620 2.4623 2.4618 0.0001
8y f\ 4620 24623 24618 0.0001
oY \_J}Zezo"" 2.4622 2.4618 0.0001
2.4622 2.4618 0.0001

10Y / @ 2.4620
Note: *** = Significance at fidence level. Day (t=1) is March 1 , 2001 and Day (t=3060) is August 30, 2013
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Panel 5.3: Inflation Premiums

Level (%)

Note: ** = Significance at confidence level. Day (t=1) is March 1 , 2001 and Day (t=3060) is

S
S

DSENSUSMISSSND

August 30, 2013

A w
Maturity Average Max \g \ Min Std.
1M 0.0371" 0.4962 -0.4446 0.1006
M 0.0538 \ ©) 4361 -0.3546 0.1573
6M 0.0654 " o 04742 -0.3315 0.1620
1Y 0.0180" A QO 0.6479 -0.5332 0.1742
2y -0.0170" (/% N 1.0771 -0.8724 0.3254
3y <0.073f N 1.3813 -1.1197 0.4671
4y 0082% | ¥ 1.6536 13033 0.5814
5Y (@\?‘5\\ 1.9798 -1.4887 0.6803
6Y -0%586 2.0082 -1.6576 0.7538
7Y 'A> -0.0396 2.0744 17572 0.8131
8Y ((A\ 508" 2.0990 -1.8848 0.8737
M /\M.oses'" 2.3838 -2.0282 0.9213
10Y @OF -0.0803" 2.4159 -1.9876 0.9835
&
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5.5 Composition of Nominal Yields

N

Nominal yields equal real yields plus expected inflations plus inflation premiums, while real yig/@s
average expected 1-day real yields plus real premiums®. It is interesting to examine how much these v; les
ina

contribute to nominal yields. To analyze the composition, note that the variance V(y?’N) of n—perio%

t+j—1

+ Cov (—% =2 COUt(ZjS_:ll Mgy, mt+j) »Y?'N) (\
+ Cov (% Et(Zjn=1 T[t+j)'y'?'N)

1 9
+ Cov <—5Vt(Zjn=11Tt+j) + Covt(Z}Ll My, Yk W,N . (7)

The terms on the right hand side are the covariances of nomingl=syel average expected 1-day
real yield, real premium, expected inflation and inflation premium respectividing eq. (17) by V(y,?’N)

yield is
V(yeN) = Cov ( E(Z yity_ ) v % ; o

gives percentage shares of the four variables in the nominal yield’s ((ariata. These shares are effectively the
slope coefficients from linear regressions of the variables on no &eld. They are reported in Table 6.
! go
Table 6: Composition of inal Yields
O
Maturity — E;ZZ:ted o Real Prenggm\ Expected Inflation Inflation Premium
1M 491417 N 15oes™ 017317 -3.9278"
3m -20.8195 &13031 69" 0.0730" 95705
6M 06717 | Ry & 12102627 0.0457" -10.4002"
1Y 53513 (/K N 1120508 0.0276 -6.7361"
2y -2.59% N 97.9669 0.0167" 46107
3y 689 | ¥ 87.3385 0.0120" 14.3344"
ay ( O\}\“\ 77.1448" 0.0091" 24.0592"
5Y - -0%8695 63.8417 0.0068 37.0209
6Y -0.6366 51.9715 0.0055 48.6597
7Y ((Q\) 569 40.4410" 0.0045 60.0114
8y /\\\ﬂomao“" 29.9809 " 0.0034" 70.3337 "
9y @O -0.2309 " 228772 0.0028" 77.3509"
10Y m\/ -0.1458" 15.0450 0.0023" 85.0985

Note: ** = Significanc Mconfidence level.

The mo@ﬁ nominal vyields is principally driven by real premiums and inflation premiums. For
short-termed yielGy, redl premiums contribute the most. Their percentage shares fall when maturities are lengthened.
For the 10 ominal yield, the share of real premium falls to 15% while that of inflation premium rises to 85%.

Averageed 1-day real yields and expected inflations contribute little. These results are expected due to the
izexand low volatility of the average expected 1-day real yields and the low volatility of expected inflations.

lts for average expected 1-day real yields and real premiums can be obtained from the author upon request.
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5.6 Hypothesis Tests @

It is interesting to ask whether or not Thailand’s real short rate and risk premiums are ti
To answer these questions, consider egs. (6) and (7). If the real short rate and risk premiums are n
varying, the coefficient vector Y and matrix B must be zero. From Table 2, the estimates for Y r
significant. The findings lead me to conclude that Thailand’s real short rate and risk premiums are@?—va yng.

O

In the model, the covariance COV(E;(Tti42),T + V' Ziy1) between expected inkf +(Tey2)
and real short rate (f + Y'Zt+1) equals Y1(P110'12. This statistics has an important imp/cati The Mundell-

Tobin effect predicts a negative covariance, while the Taylor effect predicts a positi\e\one. To test for the

Mundell-Tobin effect versus the Taylor effect for Thailand, | compute the covariance.fro(@jhe\\oarameter estimates.

n effect, meaning that
in Thailand the public holds less in money balances and more in other assetsS\in ref2dnse to inflation. As a
result, nominal yields will rise less than one-for-one with expected inflation.Q

Finally, | test for the Fisher hypothesis which imposes ze premiums. The hypothesis is

| find it equal to -3.7994e-10 and significant. The statistics supports the

popular among researchers and practitioners. It offers convenience, Besause ‘wflation premiums are unobserved,
(o

the average inflation premiums range from -8.68 to 6.54 basjs=p0 Although the levels are small, they are

significantly different from zero. The Fisher hypothesis is

6. CONCLUSION >

Real yields and expected inflation provide impogant information for the trading of securities and the

monitoring of the economy. In this study, | p@@appromh to estimate the term structures of real yields
tr

the hypothesis allows researchers and practitioners to disregard iums in their analyses. In Panel 5.3,

and expected inflations on a daily basis. Th proath is applied for Thailand. Using the data from March 1,

2001 to August 30, 2013, | find that the(fer ture of average real yields has a normal shape, while that

is rejected. The movement in nomi

of expected inflations is flat. Inflation pramiums are significantly different from zero, hence the Fisher hypothesis
are principally driven by real premiums and inflation premiums.

The real premiums have a lar share to explain short-termed yields, while the inflation premiums do long-
termed vyields.

The model has o important application. The chosen information variables are 1-day lagged
beta shape factors a e factors are observed daily. The estimation based on today’s factors offers

tomorrow’s real yie expected inflations. Hence, the model is ex ante and can be used to construct

trading strategies@ ext day.
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Although the proposed technique can estimate daily real yields and expected inflations successfully, @

least two extensions can be made. One, the technique relies on monthly aggregate nominal yields to

the model is correct, it must be able capture this link with or without inflation in the estimatio

based on nominal yields alone is less complex but should perform equally well. | leave thest

for future research. m
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