Idiosyncratic Factors in Pricing
Sovereign Bonds: An Analysis of the
Government of India Bond Market

Gangadhar Darbha
Sudipta Dutta Roy
Vardhana Pawaskar

Research on term structure estimation and bond pricing in developed
countries bas established that liquidity premium is an important component
of bond prices, and is attributable to security-specific features. The import-
ance of liquidity premia is expected to be higher in emerging debt markets,
which are characterised by illiquidity in large segments on account of various
factors. Analysing daily information on secondary market trading in Gov-
ernment of India bonds, we find that residual maturity, time since issuance,
current yield and issue size account for most of the variation in pricing
errors off an estimated term structure. Our results highlight the need for
explicit modelling of security-specific factors determining liguidiry premia
and bond pricing in emerging markets.

1. Introduction

The term structure of interest rates—the relationship between interest
rates in the economy and the term to maturity—forms the basis for
the valuation of all fixed income instruments. Modelled as a series of
cash flows due at different points of time in the future, the underlying
price of any such instrument can be expressed as the sum of the present
values of the cash flows, with each cash flow discounted by the rate
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for the associated term to maturity. For sovereign bonds, these rates,
that is, the risk-free term structure, should be devoid of default and
liquidity risks. For non-sovereign instruments, the risk-free rates act
as a benchmark to which credit spreads are added to compensate for
the probability of default. The risk-free term structure of interest rates
thus forms the core factor determining the price of any fixed income
instrument.

While the term structure is the primary determinant of sovereign
bond prices, empirical studies by Amihud and Mendelson (1991),
Kamara (1994), Sarig and Warga (1989), and Warga (1992) have
demonstrated that individual bond prices also contain a liquidity
premium that is related to particular security-specific features. Bliss
(1997) demonstrates that neglect of these factors shows up in large
pricing errors when securities are priced only as present value relations
off an estimated term structure. Further, a significant proportion of
the variation in these errors can be explained by security-specific fea-
tures such as issue size, time since issuance and residual maturity. This
is corroborated by the studies of Eom, Subrahmanyam and Uno (1998)
(ESU [1998] hereafter) and Elton and Green (1998) (EG [1998] here-
after). ESU (1998), in their study of the Japanese bond market, analyse
the additional explanatory power that attributes like coupon and time
since issuance have, over and above the present value relation. EG
(1998), in the context of the US market, find that attributes like matur-
ity and time since issuance exert an impact on pricing. Their analysis
indicates, however, that volume traded subsumes the impact of these
structural factors. To incorporate the impact of these factors in pricing,
the authors include volume traded as an additional variable in the
pricing equation for the term structure estimation.

The studies quoted above, largely in the context of developed
markets, establish that liquidity premium is an important component
of bond pricing. The importance of liquidity premia is, of course, ex-
pected to be higher in the context of emerging debt markets like India,
which are characterised by illiquidity in large segments on account of
the lack of a diversified investor base, large institutional holdings and
government intervention. Recognising this, the focus of the present
article is on establishing the importance of security-specific features in
the pricing of Government of India (Gol) bonds. We follow the ap-
proach of ESU (1998) to identify attributes that explain the major part
of the variation in pricing errors off an estimated term structure. The
article is, in our view, the first comprehensive attempt to provide an
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analysis of the importance of various idiosyncratic factors in pricing
of Gol bonds. Our approach differs from that of Subramanian (2001)
who uses a weighting scheme to reduce the impact of large pricing
errors on the estimated term structure, but does not identify the features
that cause such pricing anomalies.

The data for the study are compiled from information on secondary
market trades in Government securities reported on the Wholesale
Debt Market (WDM) segment of the National Stock Exchange (NSE).
The estimation framework 1s adapted from our earlier study (Darbha,
Dutta Roy and Pawaskar 2000)' and takes into account various institu-
tional details related to secondary market trading in India. The objective
function is so specified as to enable estimation of the term structure in
a manner that is robust to the non-availability of observations at long
maturities. We find that mean absolute errors, while comparable to
those obtained by earlier studies in the Indian context, imply significant
impact of non-present value factors. The importance of these factors is
established through an analysis of the fitted price errors. Following
the empirical literature for other countries and based on analysis of
the data, we identify a set of security attributes—residual time to matur-
ity, time since issuance, outstanding issue size and coupon—that could
influence investor preferences. We find that a simple linear regression
of errors on these factors explains most of the variation in the first
stage errors. Further, the explanatory power of these security features
is found to have increased significantly in the more recent period, indi-
cating greater importance of non-present value factors in pricing.

Our scheme of presentation is as follows: Section 2 provides a brief
description of the Indian Government bond market. Section 3 outlines
the econometric methodology and the empirical specification of the
estimated model. An account of the data and related estimation issues
is presented in Section 4. Results and analysis are presented in Sec-
tion 5. Section 6 concludes.

2. The Indian Government Bond Market
The Indian Government bond market comprises securities issued by

the Government of India and the state governments. Government of
India securities include Treasury Bills (T-Bills) with maturity less than

' This version of our article provides daily estimates of the term structure from
February 1998 to December 2000.
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a year and dated Government securities (G’secs) with maturities exceed-
ing a year. As on 31 March 2001, there were 116 G’secs outstanding
with maturity dates ranging from one to 20 years. The total outstanding
amount was Rs 38,78,540 million. There were 54 T-Bills outstanding
for an aggregate amount of Rs 1,69,800 million. State governments
had 295 securities outstanding, comprising Rs 4,31,760 million.

The maturity distribution of outstanding G’secs as on 31 March
2001 reveals that over 50 per cent of the outstanding issues have a
residual maturity of less than or equal to five years. About 30 per cent
of the securities lie in the maturity range of five to 10 years and the
balance 20 per cent have maturity beyond 10 years. There are, in fact,
only three securities with maturity dates beyond 2016. During the
financial year 2001-02, the Government of India issued, for the first
time, securities beyond a 20-year maturity.

The secondary market in Government securities is largely a
telephone-based market, with trades subsequently reported on the
Wholesale Debt Market segment of the National Stock Exchange (INSE-
WDM)? and the Subsidiary General Ledger of the RBI (RBI-SGL).?
Secondary market activity in Government securities witnessed an aver-
age growth of 91 per cent per annum during the period 1994-95 to
1999-2000. However, the size of the market is small compared to the
amounts outstanding; the total turnover in 2000-01 was Rs 45,65,150
million implying a turnover ratio of about 1.5. Trading in Government
securities on the NSE-WDM was thin prior to 1998, but has grown
significantly over the last three years. Trading is usually spread over
the entire maturity spectrum, which, for the purpose of estimating a
term structure, has the advantage that there are no gaps in the data at
any maturity bracket.

Like in most other markets, secondary market activity is concen-
trated in a few securities, also referred to as benchmark securities. The
identity of these benchmark securities changes over time, and it is
difficult to identify the ‘optimal’ mix of characteristics that distinguish
benchmark (liquid) securities from other illiquid Government bonds.
Investor interest in these articles is partly driven by the Reserve Bank

It is mandatory for broker-negotiated trades to be reported on the relevant exchange.
Trading in G’secs was permitted on the BSE in October 2000; however, BSE accounts
for a very minor proportion of all trades. NSE-WDM, which became operational in
June 1994, accounts for 60-70 per cent of all trades.

* Settlement is done through RBI-SGL; this data set comprises the universe of
secondary market trades.
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of India (RBI) policy of re-issuing certain securities at various maturities,
which, on the one hand, increases the notional amount outstanding in
these securities and, on the other, signals RBI preference for emergence
of the benchmark. Barring few exceptions, other features—in addition
to high outstanding amounts—common to actively traded bonds are a
residual time to maturity that lies between four and eight years and
time since issuance not exceeding three years (Table 1).

A comparison of the attributes and secondary market activity
in two securities with a residual maturity of 10 years is illustrative of
the role of non-present-value factors in influencing investor prefer-
ences and, in turn, volumes and prices (yields) in the secondary market
(Table 2). The 11.50 per cent 2011 security was issued on 5 August
1991 and has a maturity date of 5 August 2011. The 11.50 per cent
2011A was issued on 23 November 2000 and will be redeemed on
23 November 2011. The cash flow amounts of the two bonds are the
same and the cash flow structures (times to coupon and redemption)
almost similar. Secondary market activity in these papers on NSE-
WDM reveals a concentration of activity in the more recent issue,
resulting, in turn, in significant (price and corresponding) yield differen-
tials between the two securities.

Similar anomalies in pricing of liquid (benchmark) vis-a-vis illiquid
securities exist in almost every maturity segment. A major objective
of the present exercise is to analyse the extent of such anomalies in
the Indian context to highlight their role in inter-security pricing
differences.

3. Empirical Specification and Econometric Methodology
If the spot rates of interest (r)) for every maturity period are known,

then the present value (PV) of an m-period bond making a series of
coupon payments C every period and with redemption value R is

C C C+R
V= + =+ oot ~
(1+rl) (1+r2)— (1+rm)

1)

The spot interest rate 7, is the interest rate applicable on a cash
payment due in ¢ periods. The set of spot rates is the term structure of
interest rates. The factor 1/(1 + r) that is used to discount the value of
the future payment to the current period is the discount factor.
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Table 2
Activity on NSE-WDM: Importance of Security-specific Factors
(trade values are in Rs million)

11.5% 2011A 11.5% 2011
Traded Value Weighted YTM Traded Value ~ Weighted YTM
Nov-00 10,320.5 11.501 240.0 11.549
Dec-00 31,720.0 11.243 160.0 11.165
Jan-01 24,173.2 10.725 1,951.5 10.667
Feb-01 17,640.8 10.385 1,560.0 10.460
Mar-01 9,150.2 10.299 702.0 10.516
Apr-01 20,473.7 10.244 350.0 10.348

Source: NSE
Note: Outright transactions only, that is, excluding repo trades.

Empirical estimation of the term structure requires specifying a
parametric relation between maturity and spot interest rates. Darbha,
Dutta Roy and Pawaskar (2000) adopt the Nelson-Siegel formulation
(Nelson and Siegel 1987) for the derivation of such a relation.* Start-
ing from a parsimonious representation of the forward rate function
given by

f(m,b) =By + B, x exp(-m/ 1) +B,[(m/ 7) xexp(-m/7)]  (2)

where ‘m’ denotes maturity and b = [B,, B,, B,and t] are parameters to
be estimated, the relevant spot rate function can be derived as

r(m, b) = Bo+ (B, + B,) x [1- exp(-m/t) )/ (m/7) - B, x exp(-m/7) (3)

The implied long-term [as m — «c] and short-term [as m —» 0] rates
in this specification are given by B, and (B, + B,).

With the spot rate function specified as above, the PV relation is
specified using the continuous form of the discount function given by

@

d(m, b) = exp(— ﬂ”l_%"—’”)

* For other studies on choice of functional fo.rm in the Indian context, see Thomas-
and Saple (2000) and Subramanian (2001).
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The estimated price (p™) for each bond is the sum of the present
values of all its cash flows

k
P =Y d (mb)xg )
j=1

It is common to observe market prices (p™) that deviate from the

computed present value. For the purpose of the estimation exercise, it
is postulated that the observed market price of a bond deviates from
its underlving valuation by an error term e,, which gives the estimable
relation;

pM=p e ©)

The parameters b = [B,, B,, B,and 1] are estimated by minimising
the sum of squared price errors. Earlier empirical studies (Bolder and
Streliski 1999; Svensson 1994) have found that minimising price errors
results in fairly large errors in yield to maturity (Y7M) for instruments
with short maturites. This is on account of the fact that since the
elasticity of price with respect to one plus Y7M equals the duration of
a bond, prices are relatively insensitive to yields for short maturities.
The optimisation technique that seeks to minimise price errors will
consequently lead to over-fitting of long-term Y7TMs at the expense of
short-term Y7Ms. To correct for this in the empirical estimation, Bolder
and Streliski (1999) suggest weighting of each price error by the inverse
of its duration. The appropriate weighting scheme is given by

1/D,

Y/p,
i=t

where D, is the MacCaulay duration of the bond given by

’Lg)i:

@)

Yoo LChx)
D(T,C), = = (“YYE:’ ) ®
2 (VT O |

t=1
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In the empirical exercise, we use the duration-based weighting scheme
to estimate equation (6) by minimising the weighted sum of squared
price errors. The estimation can be carried out either by maximising
the likelihood function or by minimising some other loss function
defined over the errors (¢). The former approach requires specification
of the exact form of the distribution of the errors, while the latter
takes a pure optimisation route without explicit distributional assump-
tions about the errors. The parameter estimates, it may be mentioned,
are expected to be the same if the errors are normally distributed.
However, parameters estimated under such loss functions, which are
quadratic in nature, are sensitive to ‘outliers’, a real possibility in the
present context. To reduce the impact of outliers on the parameter
estimates, we specify a robust loss function [Beaton-Tukey loss func-
tion] that down weights large errors (say Re 1 deviation between model
and market price) in the objective function (see Seber and Wild [1989]
for details). With no prior knowledge of the error distribution, the
choice of this approach also implies that standard statistical inference
with regard to the parameter vector (b) may be weak.

The estimation is carried out using the constrained optimisation
(CO) module in GAUSS (Schoenberg 1998). The long-term and short-
term rates are constrained to be non-negative, and so also the parameter
1. To the extent these constraints restrict the search procedure of the
optimisation algorithm within a meaningful parameter space, they
would reduce the overall search time. If the function also happens to
be smooth in the relevant region, the constraints would increase overall
speed of computation as well. Our experience has been that, when
estimation is carried out without imposing these constraints, not only
does the computational time increase substantially, but the resulting
parameter estimates are also very often outside the meaningful range.

The steps followed in the estimation procedure are as follows:

1. A vector of starting parameters (B,, B, B, and 1) is selected.

2. The discount factor function 1s determined using these starting
parameters.

3. This is used to determine the present value of the bond cash
flows and thereby to determine a vector of starting ‘model’ bond
prices.

4. Numerical optimisation procedures are used to estimate a set of
parameters (under the given set of constraints, namely, non-
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negativity of long run and short run interest rates) that minimise
the specified loss function.

5. The estimated set of parameters is used to determine the spot
rate function and therefrom the ‘model’ prices.

4. Data Details and Related Estimation Issues

The exercise uses data from the NSE-WDM,*> which constitute, on an
average, about 60~70 per cent of the total trades negotiated and comprise
those trades that are negotiated through mémber-brokers. The price
information relates to ‘traded prices’ rather than ‘quotes’, and is not
time-stamped. On every trade date and for each individual trade, we
have information on the security traded, traded price,® traded volume
and settlement date.” Security details, namely, date of issue, date of
maturity and details of cash flows® for the bond, are available from a
master file of securities available with NSE.

Bulk of the trading is in securities issued by the Central Government,
that is, Gol securities; state government securities (SGS) account for a
very small number of the trades conducted on any given day. It is
useful to mention at this point that state governments being perceived
as less credit-worthy than the Centre, SGS are 1ssued and traded at a
credit spread over Gol securities of the same maturity. There are, in
addition, differences in perceived credit-worthiness across states that
are reflected in inter-state coupon (yield) differentials. To purge the
estimated sovereign term structure of any of these effects, the dataset
we use comprises only Gol securities.

A widely held perception in the Indian markets is that instruments
with maturity of less than a year, being traded as money market instru-
ments, reflect pricing considerations different from that of longer-
maturity securities. Further, pricing differences are observed between
T-Bills and G’secs of the same residual maturity. Subramanian (2001)

¥ Information on trades reported on RBI-SGL is publicly disseminated only on the
day of settlement and could have trades conducted on different trade dates, which renders
it difficult o use it for the exercise at hand.

¢ Clean price, that is, exclusive of accrued interest.

? Which lies within a range of five days from trade date inthe T + Oto T + 5 system
allowed for broker-negotiated trades.

¥ Coupon rate and coupon payment dates.
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cites these as reasons for excluding such observations from the sample.
Inasmuch as the objective of the current exercise is to analyse the nature
and extent of such influences—in addition to providing daily estimates
of the term structure—we do not apply any such prior filter on the
dataset.

Volume weighted average prices are used, where the average is com-
puted over trades with the same settlement date. This means that for
each security, we have as many observations as the range of settlement
horizons for trades negotiated on a given trade date.

Present value computations require information on time to coupon
payments and redemption. These are calculated with reference to the
settlement date. Market conventions require computation of accrued
interest on a 30/360 basis for instruments with residual maturity exceed-
ing a year and on actual/365 basis otherwise (this includes T-Bills),
and these are adhered to in the computation of coupon accrual and
time to cash flows.

There are various factors to which intra-security variation in prices
can be attributed. First, the scope for price discovery in negotiated
deals is limited, and even the dissemination of the transacted price is
available to the market after a considerable lag, an outcome of the cur-
rent state of the market where reporting rules are not very stringent.
This may be an important factor contributing to the observed dis-
persion in prices across different trades in the same security. Further,
within the T + 5 settlement system, trades negotiated on a given day
can have settlement dates varying from the current date to five days
hence. There are two mechantsms through which this exerts an impact
on the price. First, expectations about the likely directionality of inter-
est rates would be built into the contract if the term structure is expected
to undergo a significant change by the time the deal is settled. To dis-
count the cash flows for deals that do not settle on the current day,
therefore, the appropriate rates to be used are those that are expected
to prevail on the settlement date. We use implied forward rates—the
best predictors of expected future spot rates—to discount these cash
flows. The forward rates are derived from the estimated term structure
using the relation

1/(22~t1)

-1 O

r12 . (1_’_7.(’12)!2
[T 1301
(1+7%")
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where 7:* denotes the spot rate for maturity date 2 as on date 0, 7§' the
spot rate for maturity date 1 as on date 0 and #,¢ denotes the spot rate
for maturity date ¢2 expected to prevail at date ¢1.

Second, the negotiated price for a transaction that does not settle on
the same day would need to incorporate the net cost of carry. From
the point of view of the seller, the opportunity cost involved in settling
a deal T days into the future is approximated by the foregone return
in the call money market (say), while the return is given by the coupon
that accrues for these days. If the net cost of carry is positive (negative),
the negotiated futures price will be higher (lower) than the spot price.
To compute the net cost of carry for the purpose of the empirical
exercise, we proxy the overnight rate by the short-term rate (8, + B,)
derived from the estimated term structure. The cost of carry is added
to the estimated spot price to arrive at the estimated futures price.

5. Results

5.1 Tests of model performance

This section presents the results of our empirical exercise. The period
of analysis is from January 2000 to June 2001. Table 3 presents summary
statistics of residuals from the term structure estimation. We have
reported mean absolute price errors (MAPE; deviations of market prices
from the corresponding model prices), which provide a measure to
gauge the performance of the chosen functional form and the corres-
ponding estimate of the average term structure. The mean for each
month is the average over all trades over all trading days in the month.
Over January-December 2000, the mean ranges between 12 to 20 paise
(1 paise is one-hundreth of a rupee). These are comparable to those
obtained by earlier studies in the Indian context (Subramanian 2001;
TS 2000) but are higher than those reported for the US (Bliss 1997)
and Japan (ESU 1998), which is probably indicative of the import-
ance of non-present value factors such as liquidity in the Indian con-
text. Further, errors increase significantly in the more recent period
(January-June 2001), probably indicative of the increasing importance
of these factors. We have also reported the intra-month standard
deviation as a measure of the variation in the mean absolute error
across trading days within a month. High values of standard deviation
relative to the mean indicate that there is significant intra-month vari-
ation in the fit of the model.
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Table 3
Month Wise Volume and Price Errors
Volume
Month (Rs million) MAPE Std. Dev
) ) 3 )
Jan-00 347,713.4 0.192 0.256
Feb-00 416,606.2 0.194 0.289
Mar-00 179,680.3 0.203 0.399
Apr-00 330,333.0 0.171 0.234
May-00 313,086.5 C.189 0.269
Jun-00 164,809.5 0.256 0.395
Jul-00 271,411.3 0.192 0.280
Aug-00 149,058.1 0.174 0.264
Sep-00 184,927.9 0.169 0.258
Oct-00 227,959.4 0.164 0.255
Nov-00 345,186.4 0.178 0.331
Dec-00 293,311.6 0.197 0.278
Jan-01 644,019.3 0.241 0.330
Feb-01 533,366.3 C.449 0.681
Mar-01 452,129.4 0.579 0.803
Apr-01 449,984.4 0.486 0.682
May-01 821,098.4 0.668 0.846
Jun-01 - 842,423.7 ) 0.644 0.830
Average 0.332 0.525

A maturity-wise analysis of the model errors (Table 4) reveals high
errors at the short end (< 1 year maturity), probably indicative of the
importance of other factors—besides the term structure—that lead to
pricing errors at these maturities. A consistent pattern observed in
the data in this maturity segment, for instance, is the higher yields

Table 4
Error Analysis by Maturity
Volume
Maturity Mean Std. Dev (Rs Million)
(1) @] ©) “
0-1years 0.099 C.170 540,102.5
1-3 years 0.148 0.158 647,408.2
3-5 years 0.254 0.364 899,771.7
5-7 years 0.347 0.454 618,894.1
7-10 years 0.548 0.786 2,098,772.7
> 10 years 0.532 0.694 2,162,155.8
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commanded by dated securities over and above T-Bills with similar
residual maturity (Table 5 provides an illustration), presumably on ac-
count of the relative illiquidity of the former type of securities.” An
increasing pattern beyond the one-year maturity segment is consistent
with similar findings of ESU (1998).

Table 5
Yield Difference between G’sec vs T-Bill: An INlustration
Government Security T-Bill
Date Maturity Yield Maturiry Yield Yield Difference
(1) @ & Q) ) (6) = 3)-0)
1 Jan-01 0.65 9.94 0.64 9.62 0.32
2 Jan-01 0.79 9.89 0.79 9.57 0.32
2 Jan-01 0.57 9.88 0.56 9.63 0.25
3 Jan-01 0.90 9.95 0.90 9.50 0.45
4 Jan-01 0.56 9.79 0.55 9.48 0.30
5 Jan-01 0.87 9.89 0.86 9.35 0.54
5 Jan-01 0.56 9.72 0.55 9.45 0.27
6 Jan-01 0.63 9.75 0.63 9.38 0.37
10 Jan-01 0.88 9.93 0.88 9.38 0.54
11 Jan-01 0.47 9.93 0.46 9.59 0.34
22 Jan-01 0.59 9.71 0.58 9.43 0.28
24 Jan-01 0.58 .70 0.58 9.38 0.32

In view of the emerging nature of the Indian debt market, a question
may naturally arise as to whether the negative correlation observed
between residual maturity and errors is in reality a volume effect attri-
butable to thin trading at the long end. This possibility is dispelled by
the maturity-wise aggregate trading volumes reported in Column 4 of
Table 4. The figures reveal that, for the entire sample period, trading
volumes have in fact been higher at longer maturities. However, the
volumes are aggregated over multiple securities in each maturity bucket,
each with possibly different trading volumes over the entire period.
Two questions may then arise. First, across comparable trading vol-
umes, do errors increase with maturity? If supported by the data, this
may be indicative of investor preference in favour of short-medium
bonds. Second, across comparable maturities, is there any pattern in
pricing errors as securities witness higher trading volumes? Existence
of a pattern may indicate that higher secondary market activity

 Amihud and Mendelson (1991) report a similar finding in the US context.
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facilitates the price discovery process. The two-way (maturity-wise/
volume-wise) analysis presented in Table 6 is designed to address these
issues. The figures reveal a broad pattern of errors increasing with
maturity for comparable trading volumes. This may be reflective of
investor preferences for short-medium instruments, which would imply
an additional premium for longer maturity papers over and above the
term structure.

Table 6
Volume-wise and Maturity-wise Analysis of Price Errors
(Volume Rs in million)

Maturity
0-1 Years 1-3 Years 3-5Years 5-7 Years 7-10 Years > 10 Years
10-50 0.103 0.162 0.263 0.347 0.513 0.584
50-100 0.090 0.152 0.240 0.373 0.531 0.566
100-250 0.103 0.144 0.262 0.358 0.515 0.540
250-500 0.101 0.136 0.270 0.337 0.530 0.524
500-1000  0.111 0.145 0.241 0.346 0.564 0.473
> 1000 0.152 0.150 0.184 0.238 0.633 0.497

However, no clear pattern is evident in the mean errors across trading
volumes for comparable maturities. This may seem puzzling, as most
empirical studies use volume as a proxy for liquidity (EG 1998; Subra-
manian 2001). It is also possible that any pattern between errors and
traded volumes, even if it exists, could be blurred on account of the
pooling of errors across securities with possibly different extent of
secondary market activity but lying in the same maturity bucket. To
gauge whether this is indeed the case, we next analyse month-wise
volumes and errors for a select set of securities (Table 7). The securities
have been so chosen as to represent a mix of actively traded and in-
frequently traded securities at different maturities. The figures reveal
two interesting findings:

1. The extent of secondary market activity in any security varies
over its lifetime. For any chosen security, a negative relationship
is now clearly discernible between volumes and the extent of
pricing error, that is, as volumes increase, pricing errors witness
a decline.

2. However, no such pattern emerges across securities, that is,
securities with the highest trading volumes do not necessarily
have the lowest errors.
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Together, these findings indicate that, while the extent of trading in
a security facilitates price discovery, thereby reducing pricing errors,
volume per se is an inadequate proxy for capturing liquidity differences
in a cross-section of securities, at least in the Indian context. This finding
is important since, as mentioned earlier, it is common in the existing
literature to use volume as a proxy for liquidity. One plausible explan-
ation for our finding is as follows.

Amounts outstanding (issue size) differ significantly across securities;
consequently, similar trading volumes imply entirely different degrees
of liquidity for bonds with significantly different outstanding amounts.
Our finding would suggest that a better proxy for liquidity may be
the turnover ratio, the ratio of volumes traded over a period to the
amount outstanding in the security.

5.2 Explaining the errors: Importance of
idiosyncratic factors

Our findings up to this point can be summarised as follows. The term
structure estimates using the NS functional form provide a fairly good
representation of the average term structure. However, pricing errors
exist and, in fact, have increased in the recent period. The size of error
is related to the residual maturity of a security and to the extent of sec-
ondary market activity it witnesses. However, for comparison across
_securities, volume is an inadequate proxy for liquidity. Volumes, of —
course, are an outcome of security-specific attributes that cause secur-
ities to be liquid/illiquid relative to each other, and are limited in their
ability to provide an estimate of the illiquidity premium for each
individual bond, even when it subsumes the impact of all security
attributes for traded securities. Our next objective 1s to identify these
attributes and gauge their quantitative importance in terms of their
ability to explain inter-security variation in pricing errors.
Following existing empirical literature, we identify residual maturity,
time since issuance (age), issue size and current yield (ratio of coupon
to price) as attributes determining liquidity. To gauge the quantitative
importance of these security-specific attributes, we run an OLS (Ordin-
ary Least Square) regression with these factors as independent variables.
The estimated term structure represents average pricing; therefore,
securities that are characterised by average liquidity are priced close to
the term structure. To determine the expected sign on these variables,
let us now consider how each of these factors would influence the
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pricing of securities that are priced above—and are, therefore, relatively
more liquid. It is reasonable to assume that investors would prefer
short-medium bonds relative to long-maturity ones, a possible reason
being the greater uncertainty related to long-term interest rates. So
lower the maturity, more preferred would be the bond. This would
raise its price above that predicted by the term structure and result in
high positive errors. Likewise, bonds that have been in existence for a
long time may not evince high investor interest, one possible reason
being that their coupons could be out of sync with the current interest
rate structure. Independent of this, investors might prefer to hold rela-
tively newer bonds in their portfolio. Consequently, the more recently
issued is the bond, the higher would be its price relative to that predicted
by the term structure. To the extent amounts outstanding (issue size)
create floating stock, the higher is the issue size, the more liquid would
a security be and the higher its pricing error.

Now consider securities that are priced below the term structure.
The greater the residual maturity and time since issuance, the more
illiquid will be the security and the lower will be its observed price
relative to that predicted by the term structure. On the other hand,
the higher the issue size, the relatively more liquid will the bond be,
relatively closer will be its price to the term structure, and lower the
pricing error.

Following from the preceding discussion, the expected signs on
residual maturity and time since issuance are negative, while that on
issue size is positive, for both positive and negative errors. The depend-
ent variable is therefore the first-stage error from the term structure
estimation. The independent variables are residual maturity (ttm) and
time since issuance (age) and issue size (isz). We include square of age
and residual maturity as additional explanatory variables to capture
non-linearities in their relationship with pricing errors. Further, since
the influence of maturity (age) is expected to differ with the value of
age (maturity), we also include an interaction term between these
variables."

Another variable that usually appears as an explanatory variable in
regressions of this type is the current yield (ESU 1998). The coupon
effect normally manifests in terms of investor preferences in favour of
low-coupon instruments in a regime with lower tax rates on interest

" Diaz and Skinner (2001) use the ratio of age to original maturity as an explanatory
variable to capture a similar effect.
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income relative to capital gains (McCulloch 1971, 1975). In the Indian
context, where the performance of investment managers is judged on
the basis of the appreciation/depreciation of portfolios, the differential
tax aspect is relatively less important. However, as coupon influences
price volatility of a security, current yield may still be important in
influencing pricing. We do not, however, have a prior on the sign of
this coefficient.

The pricing errors are categorised into four maturity buckets defined
as ‘< 1year’, ‘1-5 years’, ‘5-10 years’ and ‘> 10 years’. This categor-
isation serves two purposes. First, it is reasonable to assume that the
relationship between maturity and liquidity is not monotonic. Inves-
tors, for instance, may be relatively indifferent between securities of
two-year and four-year residual maturity (say), but reveal a mono-
tonically declining preference thereafter. While the precise nature of
such a relationship is difficult to characterise, the categorisation into
near-homogenous maturity buckets enable us to purge the estimation
of mis-specification problems on this count. Second, the ability of any
chosen functional form to interpolate between and extrapolate beyond
available maturity points depends on the scatter of the observed matur-
ity points. While there is no obvious pattern in the pricing errors that
could be attributable to the choice of the NS functional form, by cat-
egorising the data into maturity buckets, we are minimising the possible

- distortion that may arise in eross-sectional comparisons

Table 8 presents the results of our exercise for the full sample period
and for three sub-sample periods. Important findings that emerge are
as follows:

1. An average of 20 per cent of variation in errors is explained by
the chosen specification. This compares favourably with the
8-18 per cent explanatory power of Legendre polynomials in
ESU (1998).

2. Barring a few exceptions, the signs of the coefficients on residual
maturity, age and issue size are of the expected sign. Also, the
coefficients are significant in most cases.

3. Across maturities, there has been a consistent increase in
explanatory power of the variables over the three sub-sample
periods. This would corroborate our hypothesis that an increase
in pricing errors in recent periods is on account of an increase in
the impact of non-present-value factors.
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Table 8
Gauging the Importance of Idiosyncratic Factors

Jan-00to Jun-01 Jan-00 to Jun-00  Jul-00 to Dec-00 Jan-01-Jun-01

Co-eff t-stat Co-eff t-stat Co-eff t-star Co-¢ff t-stat
n @ ¢ ) 0 7 8

Maturity less than 1 year
intercept 0.08 8.09 0.05 1.24 0.06 6.98 0.07 7.82
current yield -0.75 -7.22 -0.51 -1.72 -0.46 -4.61 -1.28 -8.86
age 001 273 0.04 2.88 0.01 1.24 0.02 209
ttm -0.12 -2.94 046 249 -C.16 -4.70 -0.03 -0.86
isz 0.00 -3.77 0.00 -4.59 0.00 -0.05 0.00 -2.40
age-sq 0.00 -1.83 0.00 -2.30 0.00 146 0.00 -0.59
ttm-sq 0.16 4.39 -0.28 -1.74 0.19  6.55 0.04 1.50
age * ttm -0.02 -5.30 -0.07 -3.42 -0.03 -6.02 -0.03 -8.21
R-sq 0.15 0.11 0.33 0.49
R-bar-sq 0.15 0.1 0.33 0.48
Nobs 3,614 853 1,314 1447
Maturity between 1 and 5 years
intercept 1.87 24.21 0.65 5.71 1.27  7.38 293 2077
current yield -17.17 -24.02 -4.86 -4.73 -13.51 -7.36 -29.41-22.12
age 0.03 332 -0.02 -2.66 0.05 236 0.11 6.77
ttm -0.28 -14.68 -0.17 -7.08 -0.16 -3.34 -0.40 -11.92
isz 0.00 15.64 0.00 4.31 0.00 7.72 0.00 15.21
age-sq 0.00 -4.86 0.00 2.81 0.00 -2.50 -0.01 -7.71
ttm-sq 0.06 21.63 0.04 953 0.05 6.70 0.10 19.34
age * um 0.00 -2.64 0.00 -2.33 -0.01 -2.75 -0.01 -3.98
R-sq 0.36 0.23 0.24 0.59
R-barsq 0.36 0.23 0.24 0.59
Nobs 5,521 2,016 1,545 1,96C
Maturity between 5 and 10 years
intercept 5.26 17.57 3.59 1235 4.96 17.75 8.73 14.08
current yield -31.00 -14.94 -25.80 -11.65 -40.01 -16.22 -51.91 -9.86
age -0.45 -25.08 -0.10 -6.47 -0.20 -12.40 -0.85-2C.29
ttm -0.27 -3.99 -0.14 -2.33 -0.04 -0.62 -0.52 -4.42
isz 0.00 8.82 0.00 1.10 0.00 6.81 0.01 13.50
age-sq 0.02 30.47 0.00 3.08 0.01 1046 0.04 26.69
tm-sq 0.01 147 001 171 0.00 -1.19 0.02 213
age * tum 0.02 991 001 7.26 0.01 9.12 0.03 7.54
R-sq 0.28 0.19 0.43 0.48
R-bar-sq 0.28 0.19 0.43 0.47
Nobs 5,651 1,707 1,398 2,546

(Table 8 continued)
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Maturity greater than 1U years

intercept 573 17.14 242 5.02 193 185 7.28 15.11
current yield -30.36 -13.98 -17.13 -5.02 -15.82 -2.07 ~41.70 -10.76
age -0.26 -13.40 0.11  5.63 -0.01 -0.18 -0.28 -9.08
ttm -C.15 -4.21 -0.06 -1.50 -0.03 -0.31 -0.17 -3.53
1sz -0.01 -19.39 0.00 -6.15 0.00 -3.78 -0.01 -13.68
age-sq 0.02 26.75 0.01  9.30 .02 839 0.03 29.53
ttm-sq 0.00 217 0.00 198 0.00 1.07 0.00 131
age * ttm -0.01 -5.99 -0.02 -12.20 ~-0.02 -4.45 -0.02 -9.80
R-sq 0.38 0.25 0.31 0.60

R-bar-sq 0.38 0.25 0.30 0.60

Nobs 3,698 1,186 421 2,091

In summary, these attributes explain the significant variation in
pricing errors across securities, implying that they do a good job of
capturing inter-security liquidity differences. As against this, regressions
using traded volume as the sole independent variable have an explan-
atory power of just about 10 per cent (results available with the authors).
This is again a significant finding and is in sharp contrast to EG (1998)
who find that, in the US context, volume adequately captures the im-
pact of all security-specific attributes. Our findings indicate that, in
the Indian context, analysis and quantification of the liquidity premium
should involve modelling structural features like age, time to maturity
and issue size, using a functional form that best explains pricing errors.

6. Conclusion

Research on term structure estimation and bond pricing, largely in
the context of developed countries, has established the importance of
factors over and above the present value relation that determine the
pricing of a bond. Many studies have accordingly examined the im-
portance of various security-specific attributes that influence investor
preferences, and consequently, the liquidity premium component of
individual bond prices. The present exercise contributes to the existing
empirical literature with an analysis of the Government of India bond
market. We find that significant pricing errors exist when Government
bonds are priced using the term structure alone. Residual maturity,
time since issuance, current yield and issue size are found to account
for most of these pricing discrepancies.
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Empirical studies on bond pricing in emerging markets are rare,
presumably on account of the dearth of data in the absence of well-
developed secondary markets in these countries. The relative illiquidity
of large segments of these markets, however, implies that liquidity
premia would be of greater importance in observed bond prices. While
the results of our study, namely, the factors that are identified as
important and the extent of their impact on pricing, may be country-
specific, our results highlight the need for explicit modelling of security-
specific factors determining liquidity premia and bond pricing in
emerging markets.

In terms of future work, our findings point out the need for estimat-
ing the term structure of interest rates jointly with a liquidity function
that relates the idiosyncratic factors to bond prices. While EG (1998)
specifies a relation through which interest rates and idiosyncratic factors
affect bond prices simultaneously, Subramanian (2001) attempts to
control the impact of idiosyncratic factors through volume and number
of trades-based weights in the estimation of the term structure. Neither
of these approaches, however, recognises the one-sided nature of the
effect of illiquidity (and the factors affecting it), on bond prices. As a
result, one cannot juterpret the estimated term structure as the bench-
mark yield curve depicting the schedule of risk-free rates. To model
the term structure of interest rates and the liquidity function jointly,
the estimation framework must explicitly recognise the one-sided nature
of a component of the pricing relation. Such a framework is being
proposed in Darbha (2002).

Gangadhar Darbha, Sudipta Dutta Roy and Vardhana Pawaskar are at the
National Stock Exchange, Bandra-Kurla Complex, Mumbai 400 051.
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