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1. INTRODUCTION
3FBM� ZJFMET� BOE� FYQFDUFE� JOÈBUJPOT� BSF� JNQPSUBOU� JOGPSNBUJPO� GPS� TFDVSJUJFT� USBEJOH� BOE� FDPOPNJD�

NPOJUPSJOH��#VU�UIFTF�UXP�WBSJBCMFT�BSF�OPU�PCTFSWFE��*O�UIF�MJUFSBUVSF�BMUFSOBUJWF�FTUJNBUJPO�UFDIOJRVFT�IBWF�
CFFO� QSPQPTFE�BNPOH�XIJDI�NVMUJGBDUPS� BèOF� JOUFSFTU� SBUF�NPEFMT� BSF� QPQVMBS� EVF� UP� UIFJS� ÈFYJCJMJUZ� UP 
FYQMBJO�UJNF�WBSZJOH�SJTL�QSFNJVNT�	&SBLFS�	����

��'PS�UIF�6�4��NBSLFU�GPS�FYBNQMF�"OH�FU�BM��	����
�FTUJNBUFE�
UIFTF�UFSN�TUSVDUVSFT�VTJOH�B�SFHJNF�TXJUDIJOH�GBDUPS�NPEFM�XJUI�JOÈBUJPO�BOE�OPNJOBM�ZJFME�EBUB��$IFO�FU�BM��
	����
�QSPQPTFE�B�NVMUJGBDUPS�NPEJÇFE�RVBESBUJD�UFSN�TUSVDUVSF�NPEFM�BOE�FTUJNBUFE�UIF�UFSN�TUSVDUVSFT�VTJOH�
OPNJOBM�BOE�5*14�ZJFME�EBUB��3FDFOUMZ�)P�FU�BM��	����
�FTUJNBUFE�UIF�UFSN�TUSVDUVSFT�VTJOH�BO�BèOF�NVMUJGBDUPS�
NPEFM�BOE�OPNJOBM�ZJFME�BOE�JOÈBUJPO�EFSJWBUJWFT�QSJDF�EBUB��'PS�UIF�6�,��NBSLFU�&WBOT�	����
�FNQMPZFE�B�
SFHJNF�TXJUDIJOH�BèOF�NPEFM�BOE�OPNJOBM��BOE�5*14�ZJFME�EBUB�JO�UIF�FTUJNBUJPO��+PZDF�FU�BM��	����
�EFWFMPQFE�
BO�FTTFOUJBMMZ�BèOF�UFSN�TUSVDUVSF�NPEFM�UP�FTUJNBUF�UIF�TUSVDUVSFT�VTJOH�OPNJOBM��BOE�SFBM�ZJFME�EBUB�UPHFUIFS�
XJUI�JOÈBUJPO�BOE�BOBMZTU�GPSFDBTU�JOÈBUJPO�EBUB��"OE�JO�4QBJO�(JNFSP�BOE�.BSRVFT�	����
�BQQMJFE�BO�BèOF�
NPEFM�UP�FTUJNBUF�UIF�TUSVDUVSFT�VTJOH�UIF�EBUB�PO�OPNJOBM�ZJFMET�JOÈBUJPO�BOE�%JFCPME�-J�CFUB�TIBQF�GBDUPST�

5IF�TUVEJFT�PG�SFBM�ZJFMET�BOE�FYQFDUFE�JOÈBUJPOT�GPS�FNFSHJOH�NBSLFUT�JODMVEJOH�5IBJMBOE�BSF�GFX��
.JMMT�BOE�8BOH�	����
�TUVEJFE�SFBM�ZJFMET�JO�,PSFB�.BMBZTJB�4JOHBQPSF�BOE�5IBJMBOE��5IF�TUVEZ�EJE�OPU�SFMZ�
PO�BOZ�JOUFSFTU�SBUF�NPEFM� JO�UIF�BOBMZTJT��#FDBVTF�UIF�BVUIPST�EFÇOF�SFBM�ZJFMET�BT�CFJOH�OPNJOBM�ZJFMET�
NJOVT�JOÈBUJPO�UIFJS�SFBM�ZJFMET�BSF�NFBTVSFE�XJUI�FSSPST�EVF�UP�PNJTTJPO�PG�JOÈBUJPO�QSFNJVNT��'PS�5IBJMBOE�
,IBOUIBWJU�	����
�FTUJNBUFE�UIF�SFBM�DVSWF�VTJOH�B�UXP�MBUFOU�GBDUPS�BèOF�NPEFM�XJUI�UIF�OPNJOBM�ZJFME�BOE�
JOÈBUJPO�EBUB�XIJMF�"QBJUBO�BOE�3VOHDIBSPFOLJULVM�	����
�FTUJNBUFE�UIF�SFBM�DVSWF�VTJOH�B�GPVS�NBDSP�GBDUPS�
BèOF�NPEFM�XJUI�OPNJOBM�ZJFME�JOÈBUJPO�BOE�PCTFSWFE�NBDSP�WBSJBCMF�EBUB�

*O�UIJT�TUVEZ�*�QSPQPTF�UP�FTUJNBUF�UIF�EBJMZ�UFSN�TUSVDUVSFT�PG�SFBM�ZJFMET�BOE�FYQFDUFE�JOÈBUJPOT�GPS�
5IBJMBOE��.Z�DPOUSJCVUJPOT�BSF�UXP�GPMET��'JSTUMZ�5IBJMBOE�JT�POF�PG�UIF�NPTU�JNQPSUBOU�FNFSHJOH�NBSLFUT�JO�UIF�
XPSME�BOE�POF�PG�UIF�MBSHFTU�FDPOPNJFT�JO�4PVUI�&BTU�"TJB��5IF�TJ[FT�PG�JUT�FRVJUZ�BOE�CPOE�NBSLFUT�JO������
XFSF�BQQSPYJNBUFMZ�����BOE�����CJMMJPO�64%T�SFTQFDUJWFMZ1��.PSFPWFS�UIF�5IBJ�HPWFSONFOU�SFDFOUMZ�JTTVFE�
UXP�JOÈBUJPO�MJOLFE�CPOET�JO������BOE������BOE�QMBOOFE�UP�VTF�UIF�CPOET�GPS�JUT�GVOE�SBJTJOH�JO�UIF�GVUVSF�

*O�UIF�QBTU�,IBOUIBWJU�	����
�BOE�"QBJUBO�BOE�3VOHDIBSPFOLJULVM�	����
�TUVEJFE�UIF�UFSN�TUSVDUVSF�PG�
SFBM�ZJFMET�CVU�EJE�OPU�TUVEZ�FYQFDUFE�JOÈBUJPOT��5IFJS�SFBM�DVSWFT�XFSF�FTUJNBUFE�NPOUIMZ�BOE�XJUI�MBH�EVF�
UP�MBHHFE�SFQPSUJOH�PG�JOÈBUJPO�BOE�FDPOPNJD�WBSJBCMFT��5IF�#BOL�PG�5IBJMBOE�	����
�BMTP�FTUJNBUFE�SFBM�ZJFMET�
BOE�FYQFDUFE�JOÈBUJPO��*UT�SFBM�ZJFMET�FRVBMFE�OPNJOBM�ZJFMET�NJOVT�FYQFDUFE�JOÈBUJPOT��5IF�FYQFDUFE�JOÈBUJPOT�
XFSF�FTUJNBUFE�FNQJSJDBMMZ�VTJOH�B�NBDSPFDPOPNJD�NPEFM�VOEFS�SBUJPOBM�FYQFDUBUJPOT��5IF�#BOLkT�FTUJNBUFT�
XFSF�NPOUIMZ�BOE�MBHHFE�EVF�UP�MBHHFE�NPOUIMZ�SFQPSU�PG�JOÈBUJPO�BOE�NBDSP�WBSJBCMFT��*UT�SFTVMUJOH�SFBM�ZJFMET�
NJHIU�CF�CJBTFE�CFDBVTF�UIF�#BOL�JHOPSFE�JOÈBUJPO�QSFNJVNT��'JOBMMZ�BMUIPVHI�JOÈBUJPO�MJOLFE�CPOET�IBWF�
CFFO�USBEFE�PO�UIF�5IBJ�NBSLFU�TJODF������UIF�NBSLFU�JT�FYUSFNFMZ�JMMJRVJE�BOE�UIF�SFQPSUFE�ZJFMET�BSF�NPTUMZ�
JOEJDBUJWF�SBUIFS�UIBO�FYFDVUFE�ZJFMET�

1 #BTFE�PO�BO�FYDIBOHF�SBUF�PG����CBIU�QFS���64%�Downlo
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&TUJNBUJOH�%BJMZ�3FBM�:JFMET�BOE�&YQFDUFE�*OÈBUJPOT�for Thailand’s Financial Market

3FBM�ZJFMET�BOE�FYQFDUFE� JOÈBUJPOT�BSF�OFFEFE�UP�TVQQPSU�BTTFU�USBEJOH�BOE�FDPOPNJD�NPOJUPSJOH��
6OGPSUVOBUFMZ�UIF�SFBM�ZJFMET�BOE�FYQFDUFE�JOÈBUJPOT�EBUB�GPS�5IBJMBOE�BSF�JODPNQMFUF�MBHHFE�PS�FSSPOFPVT��
5IJT�TUVEZ�JNQSPWFT�UIFTF�EBUB�GPS�UIF�DPVOUSZ�

4FDPOEMZ�UIF�TUVEZ�QSPQPTFT�B�UFDIOJRVF�UP�FTUJNBUF�SFBM�ZJFMET�BOE�FYQFDUFE�JOÈBUJPOT�PO�B�EBJMZ�
CBTJT��5IF�EBJMZ�SBUFT�BSF�VTFGVM�BOE�JNQPSUBOU�CFDBVTF�UIFZ�TVQQPSU�NPSF�BDUJWF�USBEJOH�PG�UIF�TFDVSJUJFT�� 
FTQFDJBMMZ� JOÈBUJPO�MJOLFE� CPOET� BOE� DMPTFS� NPOJUPSJOH� PG� UIF� FDPOPNZ�� 5IF� TUVEZ� JT� BXBSF� PG� DFSUBJO 
UFDIOJRVFT�BOE�EBUB�TFUT�JO�UIF�MJUFSBUVSF�UIBU�DBO�CF�VTFE�GPS�EBJMZ�FTUJNBUJPO��$IFO�FU�BM��	����
�BOE�)P�
FU�BM��	����
�BSF�HPPE�FYBNQMFT�CFDBVTF�5*14�ZJFMET�BOE�JOÈBUJPO�EFSJWBUJWFT�QSJDFT�JO�UIFJS�TUVEJFT�BSF�BWBJMBCMF�
EBJMZ��:FU�JU�JT�EJèDVMU�UP�BQQMZ�UIFN�JO�5IBJMBOE�PS�JO�PUIFS�FNFSHJOH�NBSLFUT��*O�UIFTF�DPVOUSJFT�5*14�BOE�
JOÈBUJPO�EFSJWBUJWFT�NBSLFUT�BSF�ZPVOH�JMMJRVJE�PS�JOFYJTUFOU��5IF�BWBJMBCMF�EBUB�HFOFSBMMZ�BSF�EBJMZ�OPNJOBM�ZJFMET�
BOE�NPOUIMZ�JOÈBUJPO�

5IF�UFDIOJRVF�QSPQPTFE�JO�UIJT�TUVEZ�JT�QSBDUJDBM�BOE�OFX��*U�DPOTJEFST�BO�BèOF�MBUFOU�GBDUPS�JOUFSFTU�
NPEFM�GPS�EBJMZ�SFBM�BOE�OPNJOBM�ZJFMET�BOE�EBJMZ�JOÈBUJPO��5IFO�JU�BHHSFHBUFT�UIF�NPEFM�GPS�UIF�NPOUI�TP�UIBU�
UIF�NPEFM�DBO�CF�FTUJNBUFE�VTJOH�NPOUIMZ�BHHSFHBUF�OPNJOBM�ZJFME�BOE�NPOUIMZ�JOÈBUJPO�EBUB��#FDBVTF�UIF�
QBSBNFUFS�FTUJNBUFT�BSF�QSJNBSJMZ�EBJMZ�SFBM�ZJFMET�BOE�FYQFDUFE�JOÈBUJPOT�DBO�CF�JOGFSSFE�GSPN�UIF�FTUJNBUFT�
BOE�QSPKFDUFE�MBUFOU�WBSJBCMFT�PO�UIF�EBZ�

6TJOH�5IBJMBOEkT�EBUB�GSPN�.BSDI��������UP�"VHVTU���������UIF�TUVEZ�ÇOET�UIBU�UIF�UFSN�TUSVDUVSF�
PG�SFBM�ZJFMET�IBT�B�OPSNBM�TIBQF�XIJMF�UIBU�PG�FYQFDUFE�JOÈBUJPOT�JT�ÈBU��*OÈBUJPO�QSFNJVNT�BSF�TJHOJÇDBOUMZ�
EJGGFSFOU�GSPN�[FSP�XJUI�QPTJUJWF�WBMVFT�GPS�TIPSUFS�NBUVSJUJFT�BOE�OFHBUJWF�WBMVFT�GPS�MPOHFS�NBUVSJUJFT�PG���
ZFBST�POXBSE��

2. THE MODEL
"èOF�NPEFMT�IBWF�CFFO�VTFE�XJEFMZ�UP�FTUJNBUF�SFBM�ZJFMET�FYQFDUFE�JOÈBUJPOT�BOE�JOÈBUJPO�QSFNJVNT��

*O�UIJT�TUVEZ�*�BEPQU�UIF�NPEFM�PG�+PZDF�FU�BM��	����
�UP�EFTDSJCF�OPNJOBM�BOE�SFBM�ZJFMET�JO�5IBJMBOE��*U�JT�
BO�FTTFOUJBMMZ�BèOF�UFSN�TUSVDUVSF�NPEFM�XIJDI�SFMBUFT�UIF�OPNJOBM�BOE�SFBM�ZJFMET�XJUI�B�TFU�PG�MBUFOU�GBDUPST�
MJOFBSMZ�VOEFS�B�OP�BSCJUSBHF�DPOEJUJPO�JO�UIF�SFBM�XPSME��5IF�NPEFM�JT�ÈFYJCMF��*U�BMMPXT�UJNF�WBSZJOH�SJTL�QSFNJVNT�
BOE�SFBM�TIPSU�SBUF��5IF�OVNCFS�PG�MBUFOU�GBDUPST�DBO�CF�SBJTFE�UP�DBQUVSF�DPNQMFY�CFIBWJPS�PG�UIF�ZJFMET��
.PSFPWFS�B�MBUFOU�GBDUPS�NPEFM�JT�GPVOE�JO�QSFWJPVT�TUVEJFT�UP�ÇU�ZJFMET�CFUUFS�UIBO�B�NBDSP�GBDUPS�NPEFM��

2.1 The Pricing of Real and Nominal Bonds
*O�B�OP�BSCJUSBHF�FOWJSPONFOU�UIF�UJNF�U�QSJDF�P

t

n,R�PG�B�[FSP�DPVQPO�SFBM�CPOE�XJUI�BO�O�QFSJPE�
NBUVSJUZ�NVTU�CF�HJWFO�CZ�	$PDISBOF�	����



Pt
n,R=Et{Mt+1Mt+2…Mt+n},       (1)

XIFSF�M
t+j

 JT� UIF� SFBM� QSJDJOH� LFSOFM� JO� K� QFSJPET� IFODF� BOE�E
t
{. }� JT� UIF� DPOEJUJPOBM� FYQFDUBUJPO� 

PQFSBUPS� JO�UIF�SFBM�XPSME��5IF�QSJDF�P
t

n,N�PG�B�[FSP�DPVQPO�OPNJOBM�CPOE�JT�HJWFO�JO�B�TJNJMBS�XBZ�

� 
�

 
Secondly, the study proposes a technique to estimate real yields and expected 

inflations on a daily basis. The daily rates are useful and important because they support more 
active trading of the securities--especially inflation-linked bonds, and closer monitoring of 
the economy. The study is aware of certain techniques and data sets in the literature that can 
be used for daily estimation. Chen et al. (2010) and Ho et al. (2014) are good examples 
because TIPS yields and inflation-derivatives prices in their studies are available daily. Yet it 
is difficult to apply them in Thailand or in other emerging markets. In these countries TIPS 
and inflation derivatives markets are young, illiquid or inexistent. The available data 
generally are daily nominal yields and monthly inflation. 

 
The technique proposed in this study is practical and new. It considers an affine 

latent-factor interest model for daily real and nominal yields and daily inflation. Then it 
aggregates the model for the month so that the model can be estimated using monthly 
aggregate nominal yield and monthly inflation data. Because the parameter estimates are 
primarily daily, real yields and expected inflations can be inferred from the estimates and 
projected latent variables on the day. 

 
Using Thailand’s data from March 1, 2001 to August 30, 2013, the study finds that 

the term structure of real yields has a normal shape, while that of expected inflations is flat. 
Inflation premiums are significantly different from zero, with positive values for shorter 
maturities and negative values for longer maturities of 2 years onward.  
 
 
2. THE MODEL 
 Affine models have been used widely to estimate real yields, expected inflations and 
inflation premiums. In this study, I adopt the model of Joyce et al. (2010) to describe nominal 
and real yields in Thailand. It is an essentially affine term structure model which relates the 
nominal and real yields with a set of latent factors linearly under a no-arbitrage condition in 
the real world. The model is flexible. It allows time-varying risk premiums and real short 
rate. The number of latent factors can be raised to capture complex behavior of the yields. 
Moreover, a latent factor model is found in previous studies to fit yields better than a macro 
factor model.  
 
2.1 The Pricing of Real and Nominal Bonds 
 In a no-arbitrage environment, the time-t price P୲

୬,ୖ of a zero-coupon real bond with 
an n-period maturity must be given by (Cochrane (2005)) 
 
 P୲

୬,ୖ
=  ୲{M୲ାଵM୲ାଶ…M୲ା୬},       (1)ܧ

 
where M୲ା୨ is the real pricing kernel in j periods hence and ܧ୲{. } is the conditional 

expectation operator in the real world. The price P୲
୬, of a zero-coupon nominal bond is 

given in a similar way but with the nominal pricing kernel M୲ା୨
כ
= M୲ା୨

୍౪శౠషభ
୍౪శౠ

 being 

substituted for M୲ା୨. I୲ା୨ is the consumer price index at time t+j. 
 
 P୲

୬,
= כ୲{M୲ାଵܧ

M୲ାଶכ
…M୲ା୬כ

}.       (2) 

	�
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From eqs. (1) and (2), because the real yield y୲
୬,ୖ and nominal yield y୲

୬, are 
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୬,ୖൟ and െ ଵ

୬ ൛P୲݊ܮ
୬,ൟ, up to a second order approximation the yields must equal  
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where m୲ା୨ = ൛M୲ା୨ൟ. Ɏ୲ା୨݊ܮ = ݊ܮ ൜୍౪శౠషభ୍౪శౠ
ൠ is logged inflation. ୲ܸ(. ) is the variance 

operator conditioned on the information at time t. 
  

From eq. (3.1), the 1-period real yield y୲
ଵ,ୖ is െܧ୲(m୲ାଵ)െ ଵ

ଶ ୲ܸ(m୲ାଵ). Using 

this relationship, the real yield y୲
୬,ୖcan be decomposed into 
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.)୲ݒܥ ) is the conditional covariance operator. The term 

ଵ
୬ ୲൫σܧ y୲ା୨ିଵ
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୨ୀଵ ൯ is the average 

expected 1-period real yield. In the risk neutral world, y୲
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୨ୀଶ = y୲
୬,ୖ െ ଵ

୬ ୲൫σܧ y୲ା୨ିଵ
ଵ,ୖ୬

୨ୀଵ ൯ can be 
interpreted as being real term premium. 
  

By definition, the break-even inflation rate is y୲
୬, െ y୲୬,ୖ. Its structure is given by 

 

 y୲
୬, െ y୲୬,ୖ =

ଵ
୬ ቄܧ୲൫σ Ɏ୲ା୨୬

୨ୀଵ ൯ െ ଵ
ଶ ୲ܸ൫σ Ɏ୲ା୨୬

୨ୀଵ ൯  

t൫σݒܥ+             mt+j

n

j=1 ,σ Ɏt+jn

j=1 ൯ൟ.   (5) 
 
The term 

ଵ
୬ ୲൫σܧ Ɏ୲ା୨୬

୨ୀଵ ൯ is the expected inflation for the next n periods. The terms 
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୨ୀଵ ൯ are the Jensen’s effect (or 
inflation convexity) and the covariance effect (Ho et al. (2014)). Their sum is the inflation 
premium.2 Under the Fisher hypothesis, y୲

୬,
= y୲

୬,ୖ
+

ଵ
୬ ୲൫σܧ Ɏ୲ା୨୬

୨ୀଵ ൯ and the inflation 
premium is zero. 
 
2.3 Stochastic Behavior of Pricing Kernels 
 The logged, real pricing kernel m୲ାଵ takes on the form as in eq. (6). 
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୨ୀଵ ൯ inflation premium. In Ang et al. (2008), the 
inflation convexity is ignored. In this study, I estimate the inflation premium from the difference between the 
break-even inflation and expected inflation. 
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 m୲ାଵ = െ(rҧ + ᇱܢ୲) െ ౪ᇲஐ౪
ଶ െ ୲ᇱȳ

భ
మઽ୲ାଵ    (6) 

 
The term (rҧ + ᇱܢ୲) is the real short rate. It can vary over time with a set of K latent factors 
୲ᇱܢ = ൣzଵ,୲, … , z,୲൧. The real short rate is constant if ᇱ = ൣɀ

1
, … ,ɀ

K
൧ is a zero vector.3 

Vector ୲ᇱȳ
భ
మ is time-varying risk premiums.  

 
  ୲ = ૃ + Ⱦܢ୲.         (7) 
 

Vector ૃᇱ = [ɉଵ, … , ɉ] and matrix Ⱦ = 
Ⱦଵଵ … Ⱦଵ
ڭ ڰ ڭ
Ⱦଵ ڮ Ⱦ

൩. The risk premium for factor 

 is constant if vector [Ⱦ୩ଵ, … , Ⱦk] is zero. ઽ୲ାଵᇱ
= ൣɂଵ,୲ାଵ, … , ɂ,୲ାଵ൧ are Gaussian 

shocks of factors ܢ୲ାଵ. Their mean vector is zero and their covariance matrix is ȳ =

൦
ɐଵଶ 0 … 0

0

ڭ ڰ ڭ
0

0 … 0 ɐଶ
൪. Factors ܢ୲ାଵ follow a VAR(1) process in eq. (8). 

 
୲ାଵܢ  = ɔܢ୲ + ઽ୲ାଵ.       (8) 
 

Coefficient matrix ɔ = ൦
ɔଵଵ 0 … 0

ɔଶଵ ɔଶଶ 0 … ڭ
ڭ

ɔଵ
ڰ

ɔଶ  …

0

ɔଶଶ

൪ is lower triangular. The VAR structure 

is assumed because of three reasons. One, the structure allows unconditional correlations 
among the latent factors. Two, in an affine model mean-reverting factors ensure mean-
reverting real and nominal yields. Cairns (2004) pointed out that mean reversion was one of 
the desired properties of an interest rate model. And three, the model relates inflation linearly 
with the factors. So, the model’s inflation is mean-reverting. This property is consistent with 
the inflation targeting policy being implemented by many countries including Thailand. 

 
When Gaussian shocks are assumed, the model’s inflation, real yields and nominal 

yields can be negative. Negative inflation, real yields and, especially, nominal yields are not 
consistent with stylized facts in some countries. Previous studies such as Chen et al. (2010) 
assumed different processes to ensure their positivity. This study argues that Gaussian shocks 
can be used in the analysis. Negative inflations are observed in a short horizon for example 
for a one-month horizon in Thailand (to be reported below). Negative real short yields were 
found in the countries such as the U.S.A. for example by Ang et al. (2008). Although 
negative nominal yields are uncommon, the Gaussian shocks can still be consistent if the 
probability of negative yields in the model is low. 
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൪. Factors ܢ୲ାଵ follow a VAR(1) process in eq. (8). 
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൪ is lower triangular. The VAR structure 

is assumed because of three reasons. One, the structure allows unconditional correlations 
among the latent factors. Two, in an affine model mean-reverting factors ensure mean-
reverting real and nominal yields. Cairns (2004) pointed out that mean reversion was one of 
the desired properties of an interest rate model. And three, the model relates inflation linearly 
with the factors. So, the model’s inflation is mean-reverting. This property is consistent with 
the inflation targeting policy being implemented by many countries including Thailand. 

 
When Gaussian shocks are assumed, the model’s inflation, real yields and nominal 

yields can be negative. Negative inflation, real yields and, especially, nominal yields are not 
consistent with stylized facts in some countries. Previous studies such as Chen et al. (2010) 
assumed different processes to ensure their positivity. This study argues that Gaussian shocks 
can be used in the analysis. Negative inflations are observed in a short horizon for example 
for a one-month horizon in Thailand (to be reported below). Negative real short yields were 
found in the countries such as the U.S.A. for example by Ang et al. (2008). Although 
negative nominal yields are uncommon, the Gaussian shocks can still be consistent if the 
probability of negative yields in the model is low. 
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This study acknowledges the observation made by Ang et al. (2008) that interest rates 
and inflations can switch regimes. A regime-switching latent factors are more appropriate 
than a fixed structure in eq. (8). However, the objective of this study is to propose a technique 
to estimate daily real yields and inflation expectations. A single-regime model suffices to 
demonstrate the working of my technique. In addition, the study considers Thailand as the 
sample country. The sample period is short from March 1, 2001 to August 30, 2013 and is 
after Thailand adopted the inflation-targeting policy. The possibility of and the effects from 
regime switching, if there are any, should be small.  

 
Because the logged nominal pricing kernel m୲ାଵכ  is m୲ାଵ െ Ɏ୲ାଵ, from eq. (6), it 

must equal 
 

 m୲ାଵכ
= െ(rҧ + ᇱܢ୲)െ ౪ᇲஐ౪

ଶ െ ୲ᇱȳ
భ
మઽ୲ାଵ െ Ɏ୲ାଵ.   (9) 

 
2.4 The Pricing 
 Following Duffie and Kan (1996), Joyce et al. (2010) derived the solutions for the real 
and nominal yields as affine functions of latent factors in eqs. (10) and (11). 
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כ
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where  A = Aכ = 0.00 and ۰ = ۰כ  are (Kx1) zero vectors. Coefficients A୬வ and 
A୬வכ  and vectors ۰୬வ and ۰୬வכ  are determined sequentially with respect to the systems 
of equations (12). 
 

 A୬ = െrҧ + A୬ିଵ െ ۰୬ିଵᇱ ȳૃ+ 1

2
۰୬ିଵᇱ ȳ۰୬ିଵ   (12.1) 

 ۰୬ᇱ = െᇱ + ۰୬ିଵᇱ
(ɔ െ ȳȾ)      (12.2) 

 
And 
 

 A୬כ = െrҧ െ Ɋ + A୬ିଵכ െ ۰୬כᇱȳૃכ + 1

2
۰୬ିଵכᇱ ȳ۰୬ିଵכ

+
భమ
2
+ ɐଵଶɉଵ (12.3) 

 ۰୬כᇱ = െ(ᇱ + ɔଵ) + ۰୬ିଵכᇱ
(ɔെ ȳȾ) + ુᇱȳȾ,    (12.4) 

 
where ɔଵ = [ɔଵଵ 0… 0] and ુᇱ = [1 0… 0]. Ɋ is the unconditional mean of 
the inflation. The specifications (12.3) and (12.4) are specific to the perfect correlation 
assumption of factor zଵ,୲ with inflation Ɏ୲. Modification needs be made under a different 
assumption for Ɏ୲.  
 
 
3. MODEL ESTIMATION 
3.1 Measurement Equations 

Because factors ܢ୲ are latent, the econometrician will have to relate them with 
observed variables. In this study, I consider inflation and nominal yields because these 
variables are observed in most countries. The measurement equations for day t are given by 
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&TUJNBUJOH�%BJMZ�3FBM�:JFMET�BOE�&YQFDUFE�*OÈBUJPOT�for Thailand’s Financial Market

3. MODEL ESTIMATION
3.1 Measurement Equations

#FDBVTF�GBDUPST��
t
�BSF�MBUFOU�UIF�FDPOPNFUSJDJBO�XJMM�IBWF�UP�SFMBUF�UIFN�XJUI�PCTFSWFE�WBSJBCMFT��*O�

UIJT�TUVEZ�*�DPOTJEFS�JOÈBUJPO�BOE�OPNJOBM�ZJFMET�CFDBVTF�UIFTF�WBSJBCMFT�BSF�PCTFSWFE�JO�NPTU�DPVOUSJFT��5IF�
NFBTVSFNFOU�FRVBUJPOT�GPS�EBZ�U�BSF�HJWFO�CZ

	 
�

 

 ൦

Ɏt
െn1ytn1,N

ڭ
െnHytnH,N

൪ = ൦

ɊɎ
An1
כ

ڭ
AnH
כ
൪+

ۏ
ێ
ێ
ۍ ુԢ
۰n1כԢ
ڭ
۰nHכԢ ے

ۑ
ۑ
ې
tܢ + ൦

0
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൪.    (13) 

 
y୲
୬, is the daily nominal yield with an n୦-day maturity. I follow Piazzesi (2010) to impose 

a month of 21 trading days. So, n୦ is 21h and 252h days for h-month and h-year maturities 
respectively. ߱୬,୲ is the measurement error due to, for example, bid-ask spreads and zero-
curve interpolation. Inflation in eq. (13) ensures its dynamic is consistent with the 
determining factors of real and nominal yields.  

 
I assume factor zଵ,୲ is correlated perfectly with inflation in order to simplify the 

model structure. The first factor then can be interpreted as being inflation factor. The perfect 
correlation assumption is not restrictive. The factors are latent. When the first factor is 
inflation, the remaining factors can be rotated so that the fit of the model remains unchanged. 
  

The measurement equations of the observed variables in (13) and the transition 
equations of the latent factors in (8) can be estimated recursively by the Kalman filter. The 
technique is common but quite difficult to use especially in a highly non-linear model such as 
the one in this study. Moreover, because inflation is reported monthly, daily estimation by the 
conventional Kalman filter is not possible. The objective to estimate daily real yields and 
expected inflations cannot be satisfied. To proceed, Harvey (1989, pp. 309-312) suggested 
the filter had to be modified. But the estimation by the modified filter is even more difficult 
and complicated. 
 
3.2 A Linear Projection of Latent Variables 
 I propose an alternative technique to estimate the model on a daily basis even if 
inflation is reported monthly. Latent factors ܢ୲ can be projected linearly by a set of  
observed information variables ܙ୲ᇱ = ൣq,୲ = 1, qଵ,୲, … , qିଵ,୲൧. The projection equation 
is given by 
 
୲ܢ  = ୲ܙᇱ܊ +  ୲,        (14)ܞ
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୲ᇱܞ = ൣvଵ,୲, … , v,୲൧ are projection errors. The linear projection approach follows Mishkin 
(1981) who estimated unobserved real yields by information variables. When I substitute 
୲ܙᇱ܊ +  .୲ in eq. (13) and collect terms, I obtain eq. (15.1)ܢ ୲ forܞ
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y୲
୬, is the daily nominal yield with an n୦-day maturity. I follow Piazzesi (2010) to impose 
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୯ିଵᇱ܊  is column q of coefficient matrix ܊ᇱ. Eq. (15.2) rearranges the coefficient vectors and 

matrices in eq. (15.1) by noticing that q,୲ = 1. I define ܝ୲ = ൦
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 so that eq. (15.3) is in a familiar regression 

format. The regression is linear in information variables ܙ୲. But it is highly nonlinear in the 
parameters.  Eq. (15.3) is important. All the regressors and regressants are observed. Now, 
the econometrician can use simple regressions for the estimation. 
 
3.3 The Estimation Equations 
 Eq. (15.3) is the model for the day. Although nominal yields are reported daily, 
inflation is reported monthly. To proceed, eq. (15.3) needs be adjusted to align with the 
monthly observation of inflation data. Let d be the number of trading days in month . 
Summing eq. (15.3) for all day  in month  gives  
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Variables σ Ɏ୲ୢ

୲ୀଵ , σ y୲
୬భ,ୢ

୲ୀଵ ,…, σ y୲
୬ౄ,ୢ

୲ୀଵ  and σ ୲ୢܙ
୲ୀଵ  are observed on a 

monthly basis. Because σ Ɏ୲ୢ
୲ୀଵ  is the sum of daily inflation, by definition it is monthly 

inflation. The nominal yields and information variables are available daily, so their sums for 
the month can be computed in a straightforward way. σ ୲ୢܝ

୲ୀଵ  is the sum of regression errors 
in the month. 
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&TUJNBUJOH�%BJMZ�3FBM�:JFMET�BOE�&YQFDUFE�*OÈBUJPOT�for Thailand’s Financial Market

7BSJBCMFT���αͳ��Ɏ�ǡ��αͳ�Tytn1,N,…, t=1dTytnH,N and t=1������BSF�PCTFSWFE�PO�B�NPOUIMZ�
CBTJT��#FDBVTF��U��E5�U��JT�UIF�TVN�PG�EBJMZ�JOÈBUJPO�CZ�EFÇOJUJPO�JU�JT�NPOUIMZ�JOÈBUJPO��5IF�OPNJOBM�ZJFMET�
BOE�JOGPSNBUJPO�WBSJBCMFT�BSF�BWBJMBCMF�EBJMZ�TP�UIFJS�TVNT�GPS�UIF�NPOUI�DBO�CF�DPNQVUFE�JO�B�TUSBJHIUGPSXBSE�
XBZ���U��E5VU���JT�UIF�TVN�PG�SFHSFTTJPO�FSSPST�JO�UIF�NPOUI�

&R��	��
�FOBCMFT�UIF�FDPOPNFUSJDJBO�UP�FTUJNBUF�UIF�NPEFM�GSPN�NPOUIMZ�JOÈBUJPO�BOE�BHHSFHBUF�
OPNJOBM�ZJFMET��#FDBVTF�UIF�QBSBNFUFST�JO�FR��	��
�BSF�UIF�POFT�GSPN�UIF�EBJMZ�NPEFM�UIF�SFTVMUJOH�FTUJNBUFT�
BSF�EBJMZ��%BJMZ�SFBM�ZJFMET�BOE�FYQFDUFE�JOÈBUJPOT�DBO�CF�JOGFSSFE�GSPN�UIFTF�FTUJNBUFT�BOE�JOGPSNBUJPO�
WBSJBCMFT�GPS�UIF�EBZT��5IJT�BHHSFHBUJPO�UFDIOJRVF�UP�FTUJNBUF�UIF�EBJMZ�QBSBNFUFST�GSPN�NPOUIMZ�EBUB�JT�TJNJMBS�
UP�UIBU�JO�"ESJBO�FU�BM��	����
�

3.4 The Regressions
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TIPDLT�IBWF�DPOTUBOU�WBSJBODFT�UIFJS�NPOUIMZ�BHHSFHBUF�EP�OPU�CFDBVTF�FBDI�NPOUI�IBT�EJGGFSFOU�OVNCFST�PG�
USBEJOH�EBZT��5P�DPSSFDU�GPS�IFUFSPTDFEBTUJDJUZ�UIF�NPOUIMZ�WBSJBCMFT�GPS�NPOUI�T�JT�XFJHIUFE�CZ�E5�

3.5 Discussion of Related Literature
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IBWF�CFFO�QSPQPTFE�JO�UIF�MJUFSBUVSF��+PTMJO�FU�BM��	����
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୯ିଵᇱ܊  is column q of coefficient matrix ܊ᇱ. Eq. (15.2) rearranges the coefficient vectors and 

matrices in eq. (15.1) by noticing that q,୲ = 1. I define ܝ୲ = ൦
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format. The regression is linear in information variables ܙ୲. But it is highly nonlinear in the 
parameters.  Eq. (15.3) is important. All the regressors and regressants are observed. Now, 
the econometrician can use simple regressions for the estimation. 
 
3.3 The Estimation Equations 
 Eq. (15.3) is the model for the day. Although nominal yields are reported daily, 
inflation is reported monthly. To proceed, eq. (15.3) needs be adjusted to align with the 
monthly observation of inflation data. Let d be the number of trading days in month . 
Summing eq. (15.3) for all day  in month  gives  
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୲ୀଵ ,…, σ y୲
୬ౄ,ୢ

୲ୀଵ  and σ ୲ୢܙ
୲ୀଵ  are observed on a 

monthly basis. Because σ Ɏ୲ୢ
୲ୀଵ  is the sum of daily inflation, by definition it is monthly 

inflation. The nominal yields and information variables are available daily, so their sums for 
the month can be computed in a straightforward way. σ ୲ୢܝ

୲ୀଵ  is the sum of regression errors 
in the month. 
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୲ୀଵ ,…, σ y୲
୬ౄ,ୢ

୲ୀଵ  and σ ୲ୢܙ
୲ୀଵ  are observed on a 

monthly basis. Because σ Ɏ୲ୢ
୲ୀଵ  is the sum of daily inflation, by definition it is monthly 

inflation. The nominal yields and information variables are available daily, so their sums for 
the month can be computed in a straightforward way. σ ୲ୢܝ

୲ୀଵ  is the sum of regression errors 
in the month. 

 

�� 
�

Eq. (16) enables the econometrician to estimate the model from monthly inflation and 
aggregate nominal yields. Because the parameters in eq. (16) are the ones from the daily 
model, the resulting estimates are daily. Daily real yields and expected inflations can be 
inferred from these estimates and information variables for the days. This aggregation 
technique to estimate the daily parameters from monthly data is similar to that in Adrian et al. 
(2013). 
 
3.4 The Regressions 
 I use the nonlinear seemingly unrelated regression estimation (SURE) technique to 
estimate eq. (16). SURE does not require Gaussian shocks. The SURE estimates are 
consistent and efficient due to the information in correlated shocks. The procedure is two-
step. In step 1, I estimate the covariance matrix of the shocks σ ୲ୢܝ

୲ୀଵ .  Because the model is 
linear in the information variables, the covariance matrix can be estimated conveniently by a 
linear SURE regression. In step 2, I use nonlinear SURE to estimate the parameters 
embedded in eq. (16). I assume the covariance matrix of the shocks is the one from the first 
step. 
 

It is important to note that σ ୲ୢܝ
୲ୀଵ  are the sums of all daily shocks in month . 

Although the daily shocks have constant variances, their monthly aggregate do not because 
each month has different numbers of trading days. To correct for heteroscedasticity, the 
monthly variables for month  is weighted by ξdT. 
 
3.5 Discussion of Related Literature 
 Because the proposed technique is based on SURE, the estimation is computationally 
fast compared to the traditional Kalman filtering technique. Recently alternative 
computationally-fast estimation techniques to have been proposed in the literature. Joslin et 
al. (2011) propose a two-step estimation technique. They assume an N-factor model in which 
N yields are priced 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 those N yields. These parameters and the N yields are then used in the second step to 
recover the remaining structural parameters from the remaining yields. Hamilton and Wu 
(2012) make the same assumption as do Joslin et al. (2011) about pricing errors and regress 
all the sample yields on the current and lagged N yields to obtain reduced-form parameters. 
Noticing that the resulting estimators are functionally related with the model parameters, they 
recover all the model parameters from the reduced-form parameters by a minimum-chi-
square estimation. Adrian et al. (2013) assume observed factors and estimate the parameters 
by liner regressions. Their technique is similar to that of Fama and Macbeth (1973). Because 
the estimation in each step is linear regression, the computation is extremely fast.  

 
As opposed to the three studies, my technique does not assume that factors are 

observed or that certain yields are priced without errors. It maintains the factors are latent and 
the pricing suffers measurement errors. The linear projection to extract the information about 
the unobserved factors in a pricing model with measurement errors should be more realistic. 
 
 
4. THE DATA 
4.1 Samples and Data Sources 
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FSSPST��5IF�MJOFBS�QSPKFDUJPO�UP�FYUSBDU�UIF�JOGPSNBUJPO�BCPVU�UIF�VOPCTFSWFE�GBDUPST�JO�B�QSJDJOH�NPEFM�XJUI�
NFBTVSFNFOU�FSSPST�TIPVME�CF�NPSF�SFBMJTUJD�

4. THE DATA
4.1 Samples and Data Sources

*�BQQMZ�UIF�UFDIOJRVF�UP�FTUJNBUF�UIF�NPEFM�GPS�5IBJMBOE��5IF�TBNQMF�QFSJPE�JT�GSPN�.BSDI��������
UP�"VHVTU����������#FDBVTF�UIJT�QFSJPE�JT�OPU�WFSZ�MPOH�BOE�JT�BGUFS�.BZ�������UIF�QPJOU�BU�XIJDI�UIF�#BOL�
PG�5IBJMBOE�BEPQUFE�UIF�JOÈBUJPO�UBSHFUJOH�QPMJDZ�UIF�QPTTJCJMJUZ�PG�BOE�FGGFDUT�GSPN�TUSVDUVSBM�DIBOHF�TIPVME�
CF�TNBMM��5IF�OPNJOBM�ZJFME�EBUB�BSF�EBJMZ�GPS���NPOUI���NPOUI���NPOUI�BOE���ZFBS�VQ�UP����ZFBS�NBUVSJUJFT�
XJUI�POF�ZFBS�JODSFNFOUT�GSPN�UIF�5IBJ�#BOE�.BSLFU�"TTPDJBUJPO�	5IBJ�#."
��"MUIPVHI�UIF�5IBJ�#."�[FSP�
DPVQPO�DVSWF�FYQBOET�UIF�NBUVSJUJFT�VQ�UP����ZFBST�*�FNQMPZ�UIF�ZJFMET�PG�VQ�UP����ZFBS�NBUVSJUZ�CFDBVTF�PG�
MPX�USBEJOH�MJRVJEJUZ�PG�MPOFS�UFSN�CPOET��5IF�JOÈBUJPO�JT�MPHHFE�NPOUIMZ�JOÈBUJPO�DPNQVUFE�VTJOH�UIF�IFBEMJOF�
DPOTVNFS�QSJDF�JOEFY�GSPN�UIF�#VSFBV�PG�5SBEF�BOE�&DPOPNJD�*OEJDFT�.JOJTUSZ�PG�$PNNFSDF��1BOFM�����JO�
5BCMF���SFQPSUT�UIF�EFTDSJQUJWF�TUBUJTUJDT�PG�JOÈBUJPO�BOE�OPNJOBM�ZJFMET�

5IF�BWFSBHF�JOÈBUJPO�JT����������*U�JT�XJUIJO�UIF�����UP�����QFSDFOU�CBOE�CFJOH�NPOJUPSFE�CZ�UIF�#BOL�
PG�5IBJMBOE��5IF�JOÈBUJPO�WBSJFE�FBDI�NPOUI�BOE�JU�XBT�OFHBUJWF�BU�UJNFT��3FBMJ[FE�OFHBUJWF�JOÈBUJPO�TVQQPSUFE�
UIF�(BVTTJBO�BTTVNQUJPO�GPS�GBDUPS�[�U�JO�FRT��	�
�BOE�	��
��5IF�UFSN�TUSVDUVSF�PG�BWFSBHF�OPNJOBM�ZJFMET�IBT�
B�OPSNBM�TIBQF�XIJMF�UIF�WPMBUJMJUZ�TUSVDUVSF�JT�JOWFSUFE��5IF�OPSNBM�UFSN�TUSVDUVSF�JT�TJNJMBS�UP�UIF�POFT�GPVOE�
GPS�UIF�6�4�"��CZ�+JBO�BOE�:BO�	����
�BOE�UIF�6�,��CZ�+PZDF�FU�BM��	����
��#VU�UIF�WPMBUJMJUZ�TUSVDUVSFT�JO�UIF�
6�4�"��BOE�UIF�6�,��BSF�OPSNBM��5IBJMBOEkT�JOWFSUFE�WPMBUJMJUZ�UFSN�TUSVDUVSF�JT�QSPCBCMZ�CFDBVTF�MPOH�UFSNFE�
CPOET�BSF�MFTT�MJRVJE��0O�B�OP�USBEJOH�EBZ�UIF�ZJFMET�PG�UIFTF�CPOET�BSF�RVPUFE�ZJFMET�GSPN�EFBMFST�XIP�
JOUFSQPMBUF�UPEBZkT�ZJFMET�GSPN�ZFTUFSEBZkT�ZJFMET�

Table 1:�%BUB�%FTDSJQUJPOT
Panel 1.1:�%FTDSJQUJWF�4UBUJTUJDT

Note:�5IF�TUBUJTUJDT�GPS�JOÈBUJPO�JT�NPOUIMZ�XIJMF�UIPTF�GPS�OPNJOBM�ZJFMET�BSF�EBJMZ��������4JHOJÇDBODF�BU�B�����DPOÇEFODF�MFWFM�Downlo
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Panel 1.2:�1SJODJQBM�$PNQPOFOU�"OBMZTJT�PG�/PNJOBM�:JFMET

/POF�PG�5IBJMBOEkT�OPNJOBM�ZJFMET�XFSF�OFHBUJWF��#VU�UIFTF�TUZMJ[FE�GBDUT�EP�OPU�SFGVUF�UIF�(BVTTJBO�
BTTVNQUJPO�GPS�UIF�MBUFOU�GBDUPST��5IF�BTTVNQUJPO�JT�TUJMM�WBMJE�JG�UIF�QSPCBCJMJUZ�PG�OFHBUJWF�OPNJOBM�ZJFMET�JT�
TNBMM��'JOBMMZ�UIF�+BSRVF�#FSB�UFTUT�SFKFDU�UIF�OPSNBMJUZ�IZQPUIFTJT�GPS�UIF�JOÈBUJPO�BOE�OPNJOBM�ZJFMET��5IFTF�
UFTU�SFTVMUT�TVQQPSU�UIF�VTF�PG�463&�JO�UIF�FTUJNBUJPO�CFDBVTF�463&�EPFT�OPU�SFRVJSF�(BVTTJBO�FSSPST�

*O�B�NVMUJGBDUPS�NPEFM�UIF�FYBDU�OVNCFS�PG�GBDUPST�JT�VOLOPXO��*U�NVTU�CF�QSPQPTFE�CZ�SFTFBSDIFST��
*O�UIF�QBTU�UXP�UP�GPVS�GBDUPST�XFSF�DIPTFO��5IFJS�SFBTPOT�WBSJFE��"OH�FM�BM��	����
�DIPTF�UISFF�GBDUPST��5IFZ�
BSHVFE�UIBU�UISFF�GBDUPST�IBE�CFFO�VTFE�PGUFO�JO�PSEFS�UP�NBUDI�UFSN�TUSVDUVSF�EZOBNJDT��+PZDF�FU�BM��	����
�
BDLOPXMFEHFE�+PZDF�BU�BM��	����
�UIBU�UXP�GBDUPST�TVèDFE�UP�FYQMBJO�SFBM�ZJFMET�JO�UIF�6�,��:FU�UIFZ�BEEFE�
UXP�NPSF�GBDUPST�UP�JNQSPWF�UIF�ÇU��$IFO�FU�BM��	����
�DPOEVDUFE�B�QSJODJQBM�DPNQPOFOU�BOBMZTJT�	1$"
�UP�IFMQ�
EFUFSNJOF�UIF�OVNCFS�PG�GBDUPST��5IFZ�GPVOE�UIBU�POF�BOE�UXP�GBDUPST�DPVME�FYQMBJO��������BOE��������PG�
UIF�WBSJBUJPO�JO�6�4��SFBM�BOE�OPNJOBM�ZJFMET��)FODF�UIFZ�VTFE�B�UXP�GBDUPS�NPEFM�JO�UIFJS�TUVEZ�

5IF�CFIBWJPS�PG�SFBM�BOE�OPNJOBM�ZJFMET�JO�EJGGFSFOU�NBSLFUT�DBO�EJGGFS��5IF�OVNCFST�PG�GBDUPST�DBO�
EJGGFS�UPP��6TJOH�UIF�OVNCFS�UIBU�ÇUT�POF�NBSLFU�GPS�BOPUIFS�NBZ�PWFS��PS�VOEFS�QBSBNFUFSJ[FE�UIF�NPEFM��*�
GPMMPX�$IFO�FU�BM��	����
�UP�DPOEVDU�B�1$"�UP�IFMQ�JEFOUJGZ�UIF�OVNCFS�PG�GBDUPST��1$"�FOTVSFT�UIBU�UIF�
DIPTFO�OVNCFS�JT�TVQQPSUFE�CZ�UIF�EBUB�BOE�QBSUJDVMBS�UP�UIF�NBSLFU�CFJOH�DPOTJEFSFE��5IF�ÇOEJOHT�BSF�SFQPSU�
JO�1BOFM������*�ÇOE�UIBU�UIF�ÇSTU�UXP�GBDUPST�DBO�FYQMBJO��������PG�UIF�WBSJBUJPO��5IF�UIJSE�GBDUPS�BEET�POMZ�
������XIJMF�GBDUPST���BOE�PWFS�DPOUSJCVUF�NBSHJOBMMZ��5IFTF�ÇOEJOHT�MFBE�NF�UP�DIPPTF�B�UXP�GBDUPS�NPEFM�

4.2 Information Variables
*�QSPKFDU� UIF� MBUFOU� GBDUPST�CZ�B�TFU�PG�PCTFSWFE� JOGPSNBUJPO�WBSJBCMFT�TP� UIBU�BMM� UIF�WBSJBCMFT�

BSF�PCTFSWFE�BOE�UIF�NPEFM�DBO�CF�FTUJNBUFE�CZ�TJNQMF�SFHSFTTJPOT��5IF�DIPJDF�PG�JOGPSNBUJPO�WBSJBCMFT�JT� 
JNQPSUBOU��5IFZ�NVTU�CF�BCMF�UP�QSPKFDU�UIF�MBUFOU�WBSJBCMFT���*G�OPU�DPFèDJFOU�NBUSJY�Ƚ̵�JT�[FSP�BOE�UIF�NPEFM�
QBSBNFUFST�DBOOPU�CF�JOGFSSFE��*�VTF�Ʉ�α�ͷ�WBSJBCMFT�JO�UIF�QSPKFDUJPO��5IF�ÇSTU�JT�B�DPOTUBOU��5IF�SFNBJOEFST�
BSF���EBZ�MBHHFE�#KPSL�$ISJTUFOTFO�	����
�CFUB�TIBQF�GBDUPST��"T�,IBOUIBWJU�	����
�SFQPSUFE�UIFTF�GBDUPST�
DPVME�QSFEJDU�5IBJMBOEkT�OPNJOBM�UFSN�TUSVDUVSF�BDDVSBUFMZ�

 
5P�DIFDL�GPS�QSPKFDUJPO�BCJMJUZ�*�SFHSFTT�EBJMZ�OPNJOBM�ZJFMET�PO�EBJMZ�JOGPSNBUJPO�WBSJBCMFT�BOE�SFHSFTT�

NPOUIMZ�JOÈBUJPO�BOE�NPOUIMZ�BHHSFHBUF�OPNJOBM�ZJFMET�PO�NPOUIMZ�BHHSFHBUF�JOGPSNBUJPO�WBSJBCMFT��'SPN�FRT��
	��
�BOE�	��
�JG�UIF�JOGPSNBUJPO�WBSJBCMFT�BSF�BCMF�QSPKFDU�UIF�MBUFOU�GBDUPST�UIF�SFHSFTTJPO�DPFèDJFOUT�NVTU�CF�
TJHOJÇDBOU��5IF�SFTVMUT�BSF�JO�5BCMF����*�ÇOE�UIBU�UIF�DPFèDJFOUT�GPS�UIF�OPNJOBM�ZJFMET�BSF�IJHIMZ�TJHOJÇDBOU�
CPUI�JO�UIF�EBJMZ�BOE�NPOUIMZ�SFHSFTTJPOT��'PS�JOÈBUJPO�UIF�DPFèDJFOUT�GPS�CFUB�TIBQF�GBDUPST���BOE���BSF�Downlo
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TJHOJÇDBOU�BU�B�����DPOÇEFODF�MFWFM��#BTFE�PO�UIFTF�SFTVMUT�*�DPODMVEF�UIBU�UIF�DIPTFO�JOGPSNBUJPO�WBSJBCMFT�
IBWF�UIF�BCJMJUZ�UP�QSPKFDU�UIF�MBUFOU�GBDUPST�

*U�JT�OPUFE�UIBU�UIF�32kT�GPS�OPNJOBM�ZJFMET�BSF�WFSZ�IJHI��"MM�BSF�PWFS������5IF�IJHI�32kT�BOE�BMTP�
IJHIMZ�TJHOJÇDBOU�DPFèDJFOUT�DBO�CF�FYQMBJOFE�CZ�,IBOUIBWJUkT�	����
�PCTFSWBUJPO�UIBU�UIF�OPNJOBM�ZJFMET�BOE�
CFUB�TIBQF�GBDUPST�XFSF�MPOH�NFNPSZ�OFBS�*	�
�WBSJBCMFT��4P�UIF�SFTVMUT�XFSF�TJNJMBS�UP�UIF�POFT�GSPN�DP�
JOUFHSBUJPO�SFHSFTTJPOT�

5. EMPIRICAL RESULTS
5.1 Parameter Estimates

5IF�QBSBNFUFS�FTUJNBUFT�BSF�SFQPSUFE�JO�5BCMF����'JSTUMZ�*kE�MJLF�UP�EJSFDU�BUUFOUJPO�UP�UIF�FYQFDUFE�
JOÈBUJPO�ɊɎ.�5IF�FTUJNBUF� JT�������QFS� ZFBS�XIJDI� JT�DMPTF� UP� UIF�TBNQMF�BWFSBHF�PG��������4FDPOEMZ�
UIF�BVUPDPSSFMBUJPO�DPFèDJFOU�ɔ11 PG�EBJMZ�JOÈBUJPO�JT���������5IF�QPTJUJWF�BVUPDPSSFMBUJPO�JT�DPOTJTUFOU�XJUI�
UIF�QPTJUJWF��������DPFèDJFOU�GSPN�BO�"3	�
�SFHSFTTJPO�PG�NPOUIMZ�JOÈBUJPO��#VU�JUT�JNQMJFE�NPOUIMZ�MFWFM�PG�
���������JT�OPU�DMPTF��5IF�EJGGFSFODF�JT�QSPCBCMZ�EVF�UP�UIF�GBDU�UIBU�UIF����������MFWFM�JT�KPJOUMZ�EFUFSNJOFE�
CZ�UIF�JOÈBUJPO�BOE�BHHSFHBUF�OPNJOBM�ZJFMET�XIJMF�UIF��������MFWFM�JT�CZ�JOÈBUJPO�BMPOF��5IJSEMZ�UIF�QSPKFDUJPO�
DPFèDJFOUT�C	L���
	R������
�BSF�TJHOJÇDBOU�UIFSFCZ�PODF�BHBJO�FOTVSJOH�UIF�QSPKFDUJPO�BCJMJUZ��'PVSUIMZ�UIF�QBSBNFUFST�
BSF�DPNQBSBCMF�XJUI�UIF�POFT�GPVOE�GPS�UIF�6�,��CZ�+PZDF�FU�BM��	����
��0VS�λ�BOE�ȾǯT�BSF�WFSZ�MBSHF�XIJMF�
PVS�kT�BSF�WFSZ�TNBMM��'JOBMMZ�UIF�BWFSBHF�SFBM�TIPSU�SBUF�JO�UIJT�TUVEZ�PG���������QFS�ZFBS�JT�TNBMM��*O�UIF�
GPMMPXJOH�TFDUJPO�UIF�TNBMM�SFBM�TIPSU�SBUF�FYQMBJOT�B�MJNJUFE�SPMF�PG�UIF�BWFSBHF�FYQFDUFE���EBZ�SFBM�ZJFME�JO�
UIF�WBSJBUJPO�PG�OPNJOBM�ZJFMET�
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Table 3:�1BSBNFUFS�&TUJNBUFT

����4QFDJÇDBUJPO�5FTUT
*�GPMMPX�"OH�FU�BM��	����
�UP�DPOEVDU�TQFDJÇDBUJPO�UFTUT�GPS�UIF�NPEFM��*G�UIF�NPEFM�ÇUT�UIF�NPNFOUT�PG�

TBNQMF�BOE�ÇUUFE�OPNJOBM�ZJFMET�TIPVME�OPU�EJGGFS��$PNQBSJTPO�PG�UIF�NFBOT�TUBOEBSE�EFWJBUJPOT�TLFXOFTTFT�
BOE�FYDFTT�LVSUPTFT�BSF�JO�5BCMF����5IF�OVNCFST�JO�UIF�ÇSTU�MJOFT�BSF�GPS�ÇUUFE�ZJFMET�BOE�UIPTF�JO�UIF�TFDPOE�
MJOFT�BSF�UIFJS�EFWJBUJPOT�GSPN�UIF�TBNQMF�NPNFOUT��4JHOJÇDBODF�JT�CBTFE�PO�UIF�8IJUF�	����
�QSPDFEVSF�

Note:�������4JHOJÇDBODF�BU�B�����DPOÇEFODF�MFWFM�
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Table 4: 4QFDJÇDBUJPO�5FTUT

5IF� EFWJBUJPOT� BSF� TNBMM� BOE� OPU� TJHOJÇDBOU� GPS� BMM� UIF� NPNFOUT� BOE� NBUVSJUJFT� FYDFQU� GPS� UIF��
TUBOEBSE�EFWJBUJPOT�PG���ZFBS�BOE�MPOHFS�ZJFMET��5IF�TJHOJÇDBODF�PG�TUBOEBSE�EFWJBUJPOT�XBT�BMTP�SFQPSUFE�GPS�
NPTU�TQFDJÇDBUJPOT�PG�UIF�"OH�FU�BM��	����
�NPEFM��8JUI�SFTQFDU�UP�UIF�TNBMM�OVNCFS�PG�TJHOJÇDBOU�DBTFT�BOE�
XIFO�DPNQBSFE�BOE�DPOUSBTU�XJUI�UIF�POFT�SFQPSUFE�CZ�QSFWJPVT�TUVEZ�*�DPODMVEF�UIBU�UIF�UXP�GBDUPS�NPEFM�
TBUJTGBDUPSJMZ�ÇU�5IBJMBOEkT�OPNJOBM�ZJFMET��

Note:�������4JHOJÇDBODF�BU�B�����DPOÇEFODF�MFWFM��5IF�TUBUJTUJDT�JO�UIF�VQQFS�MJOFT�BSF�UIF�NPNFOUT�PG�ÇUUFE�ZJFMET�BOE�UIF�POFT�
JO�UIF�MPXFS�MJOFT�BSF�UIF�EFWJBUJPOT�GSPN�TBNQMF�NPNFOUT�
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����%BJMZ�3FBM�:JFMET�BOE�&YQFDUFE�*OÈBUJPOT
5IF�FTUJNBUJPO�PG�EBJMZ�SFBM�ZJFMET�BOE�FYQFDUFE�JOÈBUJPOT�JT�TVDDFTTGVM��*O�1BOFM�����PG�5BCMF���UIF�

UFSN�TUSVDUVSF�PG�5IBJMBOEkT�SFBM�ZJFMET�JT�UJNF�WBSZJOH��*UT�BWFSBHF�IBT�B�OPSNBM�TIBQF��5IF�BWFSBHFT�GPS����BOE�
��NPOUI�NBUVSJUJFT�BSF�OFHBUJWF�CVU�SJTJOH��5IFZ�UVSO�QPTJUJWF�GPS�B���NPOUI�NBUVSJUZ�BOE�PWFS��*O�1BOFM�����UIF�
FYQFDUFE�JOÈBUJPOT�BSF�NPSF�WPMBUJMF�GPS�TIPSU�IPSJ[POT�XIJMF�UIPTF�GPS�MPOH�IPSJ[POT�EP�OPU�WBSZ�NVDI��5IF�
BWFSBHF�TUSVDUVSF�JT�ÈBU��"�ÈBU�TIBQF�JT�FYQFDUFE�EVF�UP�B�TNBMM�BVUPDPSSFMBUJPO�PG�EBJMZ�JOÈBUJPO�

����*OÈBUJPO�1SFNJVNT
/PNJOBM�ZJFMET�BSF�SFBM�ZJFMET�QMVT�FYQFDUFE�JOÈBUJPO�QMVT�JOÈBUJPO�QSFNJVNT��'PS�TPNF�SFBTPOT�

SFTFBSDIFST�QSBDUJUJPOFST�BOE�SFHVMBUPST�BTTVNF�[FSP�JOÈBUJPO�QSFNJVNT�BU�UJNFT��'PS�FYBNQMF�.JMM�BOE�8BOH�
	����
�EFÇOFE�SFBM�ZJFMET�CZ�UIF�EJGGFSFODF�CFUXFFO�OPNJOBM�ZJFMET�BOE�FYQFDUFE�JOÈBUJPO�JO�UIFJS�TUVEZ�PG�SFBM�
ZJFMET�JO�"TJBO�NBSLFUT��"OE�UIF�#BOL�PG�5IBJMBOE�EFÇOFE�SFBM�ZJFMET�JO�B�TJNJMBS�GBTIJPO���

*OÈBUJPO�QSFNJVNT�OFFE�OPU�CF� [FSP�� *O� UIJT� TUVEZ� *� DPNQVUF� JOÈBUJPO�QSFNJVNT� GPS�5IBJMBOE�CZ�
TVCUSBDUJOH�UIF�SFBM�ZJFME�BOE�FYQFDUFE�JOÈBUJPO�FTUJNBUFT�GSPN�UIF�TBNQMF�OPNJOBM�ZJFMET��5IF�QSFNJVNT�BSF�
SFQPSUFE�JO�1BOFM������5IF�QSFNJVNT�GPS�TIPSU�NBUVSJUJFT�BSF�QPTJUJWF�BOE�UIPTF�GPS�MPOH�NBUVSJUJFT�BSF�OFHBUJWFT��
5IF�JOWFSUFE�TIBQF�JT�EJGGFSFOU�GSPN�B�OPSNBM�TIBQF�JO�UIF�6�4�"��	"OH�FU�BM��	����

�BOE�B�IVNQFE�TIBQF�JO�
UIF�6�,��	+PZDF�FU�BM��	����

�

*�UFTU�GPS�[FSP�JOÈBUJPO�QSFNJVNT�BOE�SFKFDU�UIF�IZQPUIFTFT�GPS�BMM�UIF�NBUVSJUJFT��4JHOJÇDBOU�JOÈBUJPO�
QSFNJVNT�JNQMZ�UIBU�UIF�FTUJNBUFT�PG�5IBJMBOEkT�SFBM�ZJFMET�CBTFE�PO�B�[FSP�QSFNJVN�BTTVNQUJPO�BSF�CJBTFE�
EPXOXBSE�GPS�TIPSU�NBUVSJUJFT�BOE�CJBTFE�VQXBSE�GPS�MPOH�NBUVSJUJFT�
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I test for zero inflation premiums and reject the hypotheses for all the maturities. 
Significant inflation premiums imply that the estimates of Thailand’s real yields based on a 
zero-premium assumption are biased downward for short maturities and biased upward for 
long maturities. 
 
 

Table 5: Daily Term Structures 
Panel 5.1: Real Yields 

 

 
Maturity Average Max Min Std. 

1M -0.0727*** 2.6757 -1.8494 1.1365 
3M -0.0188 2.7628 -1.9543 1.1847 
6M 0.0714*** 2.8680 -1.8994 1.1804 
1Y 0.2472*** 2.9596 -1.6759 1.1406 
2Y 0.5702*** 3.0754 -1.2111 1.0518 
3Y 0.8577*** 3.1674 -0.7862 0.9692 
4Y 1.1138*** 3.2466 -0.4048 0.8947 
5Y 1.3424*** 3.3162 -0.0633 0.8279 
6Y 1.5470*** 3.3778 0.2427 0.7679 
7Y 1.7303*** 3.4328 0.5173 0.7140 
8Y 1.8950*** 3.4820 0.7642 0.6655 
9Y 2.0432*** 3.5261 0.9866 0.6218 
10Y 2.1770*** 3.5658 1.1873 0.5824 

Note: *** = Significance at a 99% confidence level. Day (t=1) is March 1, 2001 and Day (t=3060) is August 30, 
2013. 
  

Table 5:�%BJMZ�5FSN�4USVDUVSFT
1BOFM������3FBM�:JFMET

Note:�������4JHOJÇDBODF�BU�B�����DPOÇEFODF�MFWFM��%BZ�	U��
�JT�.BSDI���������BOE�%BZ�	U�����
�JT�"VHVTU��������
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1BOFM������&YQFDUFE�*OÈBUJPOT

Note:�������4JHOJÇDBODF�BU�B�����DPOÇEFODF�MFWFM��%BZ�	U��
�JT�.BSDI���������BOE�%BZ�	U�����
�JT�"VHVTU��������
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1BOFM������*OÈBUJPO�1SFNJVNT

Note:�������4JHOJÇDBODF�BU�B�����DPOÇEFODF�MFWFM��%BZ�	U��
�JT�.BSDI���������BOE�%BZ�	U�����
�JT�"VHVTU��������
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 ܸ൫y୲୬,൯ = ݒܥ ቀଵ୬ ୲൫σܧ y୲ା୨ିଵଵ,ୖ୬
୨ୀଵ ൯, y୲୬,ቁ  

ݒܥ +           ቀെ ଵ
୬σ ୲൫σݒܥ m୲ାୱ

୨ିଵ
ୱୀଵ , m୲ା୨൯୬

୨ୀଶ , y୲୬,ቁ 

ݒܥ +           ቀଵ୬ ୲൫σܧ Ɏ୲ା୨୬
୨ୀଵ ൯, y୲୬,ቁ   

ݒܥ +           ቆ൬െ ଵ
ଶ ୲ܸ൫σ Ɏ୲ା୨୬

୨ୀଵ ൯ + ୲൫σݒܥ m୲ା୨
୬
୨ୀଵ ,σ Ɏ୲ା୨୬

୨ୀଵ ൯൰ , y୲୬,ቇ. (17)   

 
The terms on the right hand side are the covariances of nominal yield with average 

expected 1-day real yield, real premium, expected inflation and inflation premium 
respectively. Dividing eq. (17) by ܸ൫y୲୬,൯ gives percentage shares of the four variables in 
the nominal yield’s variation. These shares are effectively the slope coefficients from linear 
regressions of the variables on nominal yield. They are reported in Table 6.  

 
Table 6: Composition of Nominal Yields 

Maturity 
Average 

Expected 1-Day 
Rate 

Real Premium Expected 
Inflation 

Inflation 
Premium 

1M -49.1417*** 152.8965*** 0.1731*** -3.9278*** 
3M -20.8195*** 130.3169*** 0.0730*** -9.5705*** 
6M -10.6717*** 121.0262*** 0.0457*** -10.4002*** 
1Y -5.3513*** 112.0598*** 0.0276*** -6.7361*** 
2Y -2.5942*** 97.9669*** 0.0167*** 4.6107*** 
3Y -1.6849*** 87.3385*** 0.0120*** 14.3344*** 
4Y -1.2130*** 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 -0.4569*** 40.4410*** 0.0045*** 60.0114*** 
8Y -0.3180*** 29.9809*** 0.0034*** 70.3337*** 
9Y -0.2309*** 22.8772*** 0.0028*** 77.3509*** 
10Y -0.1458*** 15.0450*** 0.0023*** 85.0985*** 

Note: *** = Significance at a 99% confidence level. 
 
The movement of nominal yields is principally driven by real premiums and inflation 

premiums. For short-termed yields, real premiums contribute the most. Their percentage 
shares fall when maturities are lengthened. For the 10-year nominal yield, the share of real 
premium falls to 15% while that of inflation premium rises to 85%. Average expected 1-day 
real yields and expected inflations contribute little. These results are expected due to the 
small size and low volatility of the average expected 1-day real yields and the low volatility 
of expected inflations. 
 
5.6 Hypothesis Tests  

It is interesting to ask whether or not Thailand’s real short rate and risk premiums are 
time-varying. To answer these questions, consider eqs. (6) and (7). If the real short rate and 
risk premiums are not time varying, the coefficient vector  DQG�PDWUL[�ȕ�PXVW�EH�]HUR��From 
Table 2, the estimates for  DQG� ȕ� DUH� VLJQLILFDQW��The findings lead me to conclude that 
Thailand’s real short rate and risk premiums are time-varying. 

 

5IF�UFSNT�PO�UIF�SJHIU�IBOE�TJEF�BSF�UIF�DPWBSJBODFT�PG�OPNJOBM�ZJFME�XJUI�BWFSBHF�FYQFDUFE���EBZ�
SFBM�ZJFME�SFBM�QSFNJVN�FYQFDUFE�JOÈBUJPO�BOE�JOÈBUJPO�QSFNJVN�SFTQFDUJWFMZ��%JWJEJOH�FR��	��
�CZ�����7ZUO/�
HJWFT�QFSDFOUBHF�TIBSFT�PG�UIF�GPVS�WBSJBCMFT�JO�UIF�OPNJOBM�ZJFMEkT�WBSJBUJPO��5IFTF�TIBSFT�BSF�FGGFDUJWFMZ�UIF�
TMPQF�DPFèDJFOUT�GSPN�MJOFBS�SFHSFTTJPOT�PG�UIF�WBSJBCMFT�PO�OPNJOBM�ZJFME��5IFZ�BSF�SFQPSUFE�JO�5BCMF����

Table 6:�$PNQPTJUJPO�PG�/PNJOBM�:JFMET

�� 
�

Panel 5.3: Inflation Premiums 
 

 
Maturity Average Max Min Std. 

1M 0.0371*** 0.4962 -0.4446 0.1006 
3M 0.0538*** 0.4361 -0.3546 0.1573 
6M 0.0654*** 0.4742 -0.3315 0.1620 
1Y 0.0180*** 0.6479 -0.5332 0.1742 
2Y -0.0170*** 1.0771 -0.8724 0.3254 
3Y -0.0736*** 1.3813 -1.1197 0.4671 
4Y -0.0821*** 1.6536 -1.3033 0.5814 
5Y -0.0808*** 1.9798 -1.4887 0.6803 
6Y -0.0586*** 2.0082 -1.6576 0.7538 
7Y -0.0396*** 2.0744 -1.7572 0.8131 
8Y -0.0508*** 2.0990 -1.8848 0.8737 
9Y -0.0868*** 2.3838 -2.0282 0.9213 

10Y -0.0803*** 2.4159 -1.9876 0.9835 
Note: *** = Significance at a 99% confidence level. Day (t=1) is March 1, 2001 and Day (t=3060) is August 30, 
2013. 

 
 
5.5 Composition of Nominal Yields 
 Nominal yields equal real yields plus expected inflations plus inflation premiums, 
while real yields equal average expected 1-day real yields plus real premiums.4 It is 
interesting to examine how much these variables contribute to nominal yields. To analyze the 
composition, note that the variance ܸ൫y୲୬,൯ of n-period nominal yield is 
 

�����������������������������������������������������������
4 The results for average expected 1-day real yields and real premiums can be obtained from the 
author upon request. 

5IF�NPWFNFOU� PG� OPNJOBM� ZJFMET� JT� QSJODJQBMMZ� ESJWFO� CZ� SFBM� QSFNJVNT� BOE� JOÈBUJPO� QSFNJVNT�� 'PS��
TIPSU�UFSNFE�ZJFMET�SFBM�QSFNJVNT�DPOUSJCVUF�UIF�NPTU��5IFJS�QFSDFOUBHF�TIBSFT�GBMM�XIFO�NBUVSJUJFT�BSF�MFOHUIFOFE��
'PS�UIF����ZFBS�OPNJOBM�ZJFME�UIF�TIBSF�PG�SFBM�QSFNJVN�GBMMT�UP�����XIJMF�UIBU�PG�JOÈBUJPO�QSFNJVN�SJTFT�UP������
"WFSBHF�FYQFDUFE���EBZ�SFBM�ZJFMET�BOE�FYQFDUFE�JOÈBUJPOT�DPOUSJCVUF�MJUUMF��5IFTF�SFTVMUT�BSF�FYQFDUFE�EVF�UP�UIF�
TNBMM�TJ[F�BOE�MPX�WPMBUJMJUZ�PG�UIF�BWFSBHF�FYQFDUFE���EBZ�SFBM�ZJFMET�BOE�UIF�MPX�WPMBUJMJUZ�PG�FYQFDUFE�JOÈBUJPOT�

����$PNQPTJUJPO�PG�/PNJOBM�:JFMET
/PNJOBM�ZJFMET�FRVBM�SFBM�ZJFMET�QMVT�FYQFDUFE�JOÈBUJPOT�QMVT�JOÈBUJPO�QSFNJVNT�XIJMF�SFBM�ZJFMET�FRVBM�

BWFSBHF�FYQFDUFE���EBZ�SFBM�ZJFMET�QMVT�SFBM�QSFNJVNT4��*U�JT�JOUFSFTUJOH�UP�FYBNJOF�IPX�NVDI�UIFTF�WBSJBCMFT�
DPOUSJCVUF�UP�OPNJOBM�ZJFMET��5P�BOBMZ[F�UIF�DPNQPTJUJPO�OPUF�UIBU�UIF�WBSJBODF����7ZUO/���PG�O�QFSJPE�OPNJOBM�
ZJFME�JT

4�5IF�SFTVMUT�GPS�BWFSBHF�FYQFDUFE���EBZ�SFBM�ZJFMET�BOE�SFBM�QSFNJVNT�DBO�CF�PCUBJOFE�GSPN�UIF�BVUIPS�VQPO�SFRVFTU�

�� 
�

Panel 5.3: Inflation Premiums 
 

 
Maturity Average Max Min Std. 

1M 0.0371*** 0.4962 -0.4446 0.1006 
3M 0.0538*** 0.4361 -0.3546 0.1573 
6M 0.0654*** 0.4742 -0.3315 0.1620 
1Y 0.0180*** 0.6479 -0.5332 0.1742 
2Y -0.0170*** 1.0771 -0.8724 0.3254 
3Y -0.0736*** 1.3813 -1.1197 0.4671 
4Y -0.0821*** 1.6536 -1.3033 0.5814 
5Y -0.0808*** 1.9798 -1.4887 0.6803 
6Y -0.0586*** 2.0082 -1.6576 0.7538 
7Y -0.0396*** 2.0744 -1.7572 0.8131 
8Y -0.0508*** 2.0990 -1.8848 0.8737 
9Y -0.0868*** 2.3838 -2.0282 0.9213 

10Y -0.0803*** 2.4159 -1.9876 0.9835 
Note: *** = Significance at a 99% confidence level. Day (t=1) is March 1, 2001 and Day (t=3060) is August 30, 
2013. 

 
 
5.5 Composition of Nominal Yields 
 Nominal yields equal real yields plus expected inflations plus inflation premiums, 
while real yields equal average expected 1-day real yields plus real premiums.4 It is 
interesting to examine how much these variables contribute to nominal yields. To analyze the 
composition, note that the variance ܸ൫y୲୬,൯ of n-period nominal yield is 
 

�����������������������������������������������������������
4 The results for average expected 1-day real yields and real premiums can be obtained from the 
author upon request. 

Note:�������4JHOJÇDBODF�BU�B�����DPOÇEFODF�MFWFM�
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5.6 Hypothesis Tests 

*U�JT�JOUFSFTUJOH�UP�BTL�XIFUIFS�PS�OPU�5IBJMBOEkT�SFBM�TIPSU�SBUF�BOE�SJTL�QSFNJVNT�BSF�UJNF�WBSZJOH��
5P�BOTXFS�UIFTF�RVFTUJPOT�DPOTJEFS�FRT��	�
�BOE�	�
��*G�UIF�SFBM�TIPSU�SBUF�BOE�SJTL�QSFNJVNT�BSF�not UJNF�
WBSZJOH�UIF�DPFèDJFOU�WFDUPS�ɀ�BOE�NBUSJY�Ⱦ�NVTU�CF�[FSP��'SPN�5BCMF���UIF�FTUJNBUFT�GPS�ɀ�BOE�Ⱦ�BSF�
TJHOJÇDBOU��5IF�ÇOEJOHT�MFBE�NF�UP�DPODMVEF�UIBU�5IBJMBOEkT�SFBM�TIPSU�SBUF�BOE�SJTL�QSFNJVNT�BSF�UJNF�WBSZJOH�

*O�UIF�NPEFM�UIF�DPWBSJBODF���������Ɏ�Ϊʹǡ�Ϊɀ̵��Ϊͳ���CFUXFFO�FYQFDUFE�JOÈBUJPO���&U�U�����
BOE�SFBM�TIPSU�SBUF����Ϊɀ̵��Ϊͳ����FRVBMT��ɀͳɔͳͳɐͳʹǤ  5IJT�TUBUJTUJDT�IBT�BO�JNQPSUBOU�JNQMJDBUJPO��5IF�.VOEFMM�
5PCJO�FGGFDU�QSFEJDUT�B�OFHBUJWF�DPWBSJBODF�XIJMF�UIF�5BZMPS�FGGFDU�QSFEJDUT�B�QPTJUJWF�POF��5P�UFTU�GPS�UIF�
.VOEFMM�5PCJO�FGGFDU�versus�UIF�5BZMPS�FGGFDU�GPS�5IBJMBOE�*�DPNQVUF�UIF�DPWBSJBODF�GSPN�UIF�QBSBNFUFS�FTUJNBUFT��
*�ÇOE�JU�FRVBM�UP��������e����BOE�TJHOJÇDBOU��5IF�TUBUJTUJDT�TVQQPSUT�UIF�.VOEFMM�5PCJO�FGGFDU�NFBOJOH�UIBU�
JO�5IBJMBOE�UIF�QVCMJD�IPMET�MFTT�JO�NPOFZ�CBMBODFT�BOE�NPSF�JO�PUIFS�BTTFUT�JO�SFTQPOTF�UP�JOÈBUJPO��"T�B�
SFTVMU�OPNJOBM�ZJFMET�XJMM�SJTF�MFTT�UIBO�POF�GPS�POF�XJUI�FYQFDUFE�JOÈBUJPO�

'JOBMMZ� *� UFTU� GPS� UIF�'JTIFS� IZQPUIFTJT�XIJDI� JNQPTFT� [FSP� JOÈBUJPO�QSFNJVNT�� 5IF�IZQPUIFTJT� JT�
QPQVMBS�BNPOH�SFTFBSDIFST�BOE�QSBDUJUJPOFST��*U�PGGFST�DPOWFOJFODF��#FDBVTF�JOÈBUJPO�QSFNJVNT�BSF�VOPCTFSWFE�
UIF�IZQPUIFTJT�BMMPXT�SFTFBSDIFST�BOE�QSBDUJUJPOFST�UP�EJTSFHBSE�UIF�QSFNJVNT�JO�UIFJS�BOBMZTFT��*O�1BOFM�����
UIF�BWFSBHF�JOÈBUJPO�QSFNJVNT�SBOHF�GSPN�������UP������CBTJT�QPJOUT��"MUIPVHI�UIF�MFWFMT�BSF�TNBMM�UIFZ�BSF�
TJHOJÇDBOUMZ�EJGGFSFOU�GSPN�[FSP��5IF�'JTIFS�IZQPUIFTJT�JT�SFKFDUFE�

6. CONCLUSION
3FBM�ZJFMET�BOE�FYQFDUFE�JOÈBUJPO�QSPWJEF�JNQPSUBOU�JOGPSNBUJPO�GPS�UIF�USBEJOH�PG�TFDVSJUJFT�BOE�UIF�

NPOJUPSJOH�PG�UIF�FDPOPNZ��*O�UIJT�TUVEZ�*�QSPQPTF�BO�BQQSPBDI�UP�FTUJNBUF�UIF�UFSN�TUSVDUVSFT�PG�SFBM�ZJFMET�
BOE�FYQFDUFE�JOÈBUJPOT�PO�B�EBJMZ�CBTJT��5IF�BQQSPBDI�JT�BQQMJFE�GPS�5IBJMBOE��6TJOH�UIF�EBUB�GSPN�.BSDI���
�����UP�"VHVTU���������*�ÇOE�UIBU�UIF�UFSN�TUSVDUVSF�PG�BWFSBHF�SFBM�ZJFMET�IBT�B�OPSNBM�TIBQF�XIJMF�UIBU�
PG�FYQFDUFE�JOÈBUJPOT�JT�ÈBU��*OÈBUJPO�QSFNJVNT�BSF�TJHOJÇDBOUMZ�EJGGFSFOU�GSPN�[FSP�IFODF�UIF�'JTIFS�IZQPUIFTJT�
JT�SFKFDUFE��5IF�NPWFNFOU�JO�OPNJOBM�ZJFMET�BSF�QSJODJQBMMZ�ESJWFO�CZ�SFBM�QSFNJVNT�BOE�JOÈBUJPO�QSFNJVNT��
5IF�SFBM�QSFNJVNT�IBWF�B�MBSHFS�TIBSF�UP�FYQMBJO�TIPSU�UFSNFE�ZJFMET�XIJMF�UIF�JOÈBUJPO�QSFNJVNT�EP�MPOH�
UFSNFE�ZJFMET�

5IF�NPEFM�IBT�POF�NPSF�JNQPSUBOU�BQQMJDBUJPO��5IF�DIPTFO�JOGPSNBUJPO�WBSJBCMFT�BSF���EBZ�MBHHFE�
CFUB�TIBQF�GBDUPST�BOE�UIFTF�GBDUPST�BSF�PCTFSWFE�EBJMZ��5IF�FTUJNBUJPO�CBTFE�PO�UPEBZkT�GBDUPST�PGGFST�
UPNPSSPXkT�SFBM�ZJFMET�BOE�FYQFDUFE�JOÈBUJPOT��)FODF�UIF�NPEFM�JT�ex ante�BOE�DBO�CF�VTFE�UP�DPOTUSVDU�
USBEJOH�TUSBUFHJFT�GPS�UIF�OFYU�EBZ�

�� 
�

In the model, the covariance ݒܥ୲(ܧ௧(Ɏ୲ାଶ), rҧ + ᇱܢ୲ାଵ) between expected 
inflation ܧ௧(Ɏ୲ାଶ) and real short rate (rҧ + ᇱܢ୲ାଵ) equals ɀଵɔଵଵߪଵଶ. This statistics has an 
important implication. The Mundell-Tobin effect predicts a negative covariance, while the 
Taylor effect predicts a positive one. To test for the Mundell-Tobin effect versus the Taylor 
effect for Thailand, I compute the covariance from the parameter estimates. I find it equal to -
3.7994e-10 and significant. The statistics supports the Mundell-Tobin effect, meaning that in 
Thailand the public holds less in money balances and more in other assets in response to 
inflation. As a result, nominal yields will rise less than one-for-one with expected inflation. 

 
Finally, I test for the Fisher hypothesis which imposes zero inflation premiums. The 

hypothesis is popular among researchers and practitioners. It offers convenience. Because 
inflation premiums are unobserved, the hypothesis allows researchers and practitioners to 
disregard the premiums in their analyses. In Panel 5.3, the average inflation premiums range 
from -8.68 to 6.54 basis points. Although the levels are small, they are significantly different 
from zero. The Fisher hypothesis is rejected. 
 
 
6. CONCLUSION 

Real yields and expected inflation provide important information for the trading of 
securities and the monitoring of the economy. In this study, I propose an approach to estimate 
the term structures of real yields and expected inflations on a daily basis. The approach is 
applied for Thailand. Using the data from March 1, 2001 to August 30, 2013, I find that the 
term structure of average real yields has a normal shape, while that of expected inflations is 
flat. Inflation premiums are significantly different from zero, hence the Fisher hypothesis is 
rejected. The movement in nominal yields are principally driven by real premiums and 
inflation premiums. The real premiums have a larger share to explain short-termed yields, 
while the inflation premiums do long-termed yields. 

 
The model has one more important application. The chosen information variables are 

1-day lagged beta shape factors and these factors are observed daily. The estimation based on 
today’s factors offers tomorrow’s real yields and expected inflations. Hence, the model is ex 
ante and can be used to construct trading strategies for the next day. 

 
Although the proposed technique can estimate daily real yields and expected 

inflations successfully, at least two extensions can be made. One, the technique relies on 
monthly aggregate nominal yields to align with monthly inflation. The aggregation may 
average out important information in daily nominal yields. Using daily nominal yields rather 
than monthly aggregate yields should be more efficient and enhance accuracy. Two, the 
technique considers inflation so that its movement can be linked with that of nominal and real 
yields. But if the model is correct, it must be able capture this link with or without inflation in 
the estimation. The estimation based on nominal yields alone is less complex but should 
perform equally well.  I leave these two extensions for future research.  
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