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Executive Summary
There is global pressure from regulators and investors for more e�icient financial markets. International
Organization of Securities Commissions (IOSCO) [2013] principle 35 states that regulation should pro-
mote trading transparency. To this end, South African regulators are investigating measures to improve
transparency in the South African bond market. One central consideration is the impact of transparency
on liquidity. This report provides a model of liquidity in the South African bond market through which
the impact of changes to market transparency may be assessed.

The South African bond market has eight primary dealers that act as market-makers, they facil-
itate primary market issuances and secondary market trading. The primary dealers trade with each
other directly and via inter-dealer brokers. Other market participants trade with primary dealers in a
largely request-for-quote market. Trade in the South African bond market is principally in nominal South
African Government bonds and is concentrated around a benchmark bond (currently the R186). Most
trades (approximately 80%) occur via the request-for-quote market, with the rest through the inter-dealer
market.

The current market regime has a�racted a�ention from regulators, the Johannesburg Stock Exchange
(JSE) and investors. There is concern that a lack of market transparency may induce ine�iciency and
constrain liquidity. Consequently, the South African Government’s National Treasury and the JSE have
begun to investigate the formation of a new market regime. This report investigates the current market
liquidity and transparency for South African Government bonds. Based on the results of this investiga-
tion, the impact of changes to the current market regime is then discussed.

The investigation was based on close consultation with a large primary dealer, Barclays Africa, and
one year of trade-level data obtained from the JSE. These two sources facilitated the assessment of trans-
parency and liquidity in the market. In the current market regime there is fairly accurate provision of
historical trade activity and pre-trade transparency is available through quotes provided by multiple
primary dealers. Liquidity was measured and assessed via the bid-ask spread.

Using the methods of Lee and Ready [1991], a trade classification algorithm was developed. Two
estimates of the bid-ask spread were then made. The first used outright trade classification and was
simply an average di�erence between bid and ask yields. The second employed the model of Huang and
Stoll [1997], which measures and decomposes the spread into the dealers’ cost of liquidity and order
processing costs, which proxies the dealers’ margin.

The dealers’ cost of liquidity is the sum of the costs of holding inventory and the costs from trading
with (potentially more informed) counter-parties. These are the costs any market maker must bear. The
remainder of the spread, called order processing costs, represents the costs of infrastructure and the
dealers’ margin.

Huang and Stoll’s model was applied to the market as a whole and then augmented to allow for mar-
ket segmentation between the inter-dealer broker market and the request-for-quote market. In addition,
a model that accounts for the nominal trade size was implemented. These measurements provide a basis
for assessing the role of primary dealers in the provision of liquidity.

The results of these models indicate that while the spread is stable, dealers’ costs of liquidity are
highly variable. This implies that primary dealers are absorbing high costs of liquidity with their margins
to keep spreads stable. It was deduced that the dealers’ cost of liquidity varied with the di�erent bonds,
trade size and market segment. Despite this, the derived spread remained in a four basis point range,
between two and six basis points across the market. This point may have key implications for future
market regimes.

The dealers’ margin plays a significant role in incentivising the provision of liquidity. However, this
is countered by the needs of investors for low and stable spreads. In this context, an understanding
of the balance between inventory costs and the dealers’ margin is essential for regulators and other
stakeholders in the formation of a new market regime. The current stability of spreads may not persist
in a new market regime if the dealers’ margin is constrained. Too small a dealers’ margin may not
allow for the absorption of excess liquidity costs. In addition, there is a potential risk that increased
transparency could further destabilise dealers’ liquidity costs. Consequently, the impact of transparency
on the dealers’ costs of liquidity and the dealers’ margin may be a critical factor in the provision of fair,
stable and low spreads in a new market regime.
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1 Introduction
Insu�icient transparency was identified as one of the shortcomings of financial markets during the
2007/2008 financial crisis. This a�ected not only derivatives, but also markets for fixed-income and
structured products. Buenaventura and Ross [2013] discuss the debate that has arisen around regulatory
initiatives to increase the transparency of non-equity markets.

International Organization of Securities Commissions (IOSCO) [2013] principle 35 states that reg-
ulation should promote trading transparency. In this context, transparency is defined as the degree to
which information about trading (both pre-trade and post-trade) is made publicly available. The degree
of transparency of a market can be measured as a deviation from a real-time standard. Pre-trade infor-
mation concerns the posting of firm bids and asks, in both quote- and order-driven markets, as a means
to enable intermediaries and investors (market participants) to know, with some degree of certainty,
whether they can trade, and at what prices they can trade. Post-trade information relates to the prices
and volumes of all individually concluded transactions. Generally, market transparency is regarded as
vital to both the fairness and e�iciency of a market, particularly for market liquidity and the quality of
price-formation.

South Africa was swi� to take up the liquidity and transparency challenge. In a policy document
the South African National Treasury [2011] said, “The (financial services) sector is characterised by high
and opaque fees, and needs to be more transparent, competitive and cost-e�ective.” The document
continued, “South Africa has commi�ed itself to international best-practice by adopting standards for
banking, insurance and securities markets”. Although this statement did not specifically mention the
clearing of OTC transactions in securities (in particular, derivatives), it acknowledged that, to the extent
that this is best-practice for a securities market, South Africa is commi�ed to implementing the required
regulatory regime and systems.

The Bond Exchange of South Africa was taken over by the JSE in 2009. At the time, the regulators
asserted that the trading of bonds listed by the JSE would be moved onto a centralised electronic trading
platform, in good time. This remains the intention of the Financial Services Board and the National
Treasury.

Barclays Africa approached the Director of the African Institute of Financial Markets and Risk Re-
search (AIMFRM) with a request to conduct research into the impact of increased transparency on,
specifically, liquidity in the South African bond market. The intention was to assess the current status
of liquidity in the South African Government bond market and to provide insight into potential changes
to this market. This Technical Report is the result of the study.

The report can be broken into three broad categories: An introduction to the South African bond
market, an empirical study of the bid-ask spread, and implications for the future. Sections 1 and 2 give
an overview of the South African bond market, Sections 3 to 6 contain the historical study of the bid-ask
spread, Section 7 is a discussion of the implications of potential changes to the market, and Section 8
outlines avenues of further research. Part of the report contains technical details in Sections 4, 6.1 and
6.2, which can be skipped by readers not concerned with the technical detail of the study.

2 The South African Bond Market
The bond market is where fixed income securities with maturities of longer than one year are issued and
traded. It is a wholesale market in that the lot sizes of the trades are generally large and the participants
are professional intermediaries and investors. Currently eight primary dealers, listed in Table 1, provide
liquidity for debt issues and secondary market trade in a request-for-quote market. The primary dealers
are obliged to bid in auctions for SA Government bonds and take up any unallocated issues. In addition,
primary dealers are obliged to provide two-sided quotes in the secondary market.

Currently, the request-for-quote system works informally over digital chat systems and telephone,
with some primary dealers o�ering their clients proprietary digital trading systems. There are four inter-
dealer brokers that have digital screens with continuous two-sided quotes. Only primary dealers have
access to these screens. All trades that happen in South Africa are recorded by the JSE, which publishes
daily mark-to-market and trade level information as well as monthly summaries of trade activity.
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1. Barclays Africa
2. Rand Merchant Bank
3. Standard Bank
4. Nedbank
5. Investec
6. Deutsche Bank
7. J.P. Morgan
8. Citibank

Table 1: Primary Dealers for South African Government Bonds as at May 2014.

The current market regime has led to concern about a lack of transparency, specifically that information-
asymmetry favours primary dealers over other market participants. A counter argument is that the
current arrangement ensures very competitive pricing and high levels of liquidity.

2.1 Factors Specific to the South African Bond Market
Bond markets have several particular characteristics that di�er from equity capital markets. Most im-
portantly, the participants are almost exclusively financial institutions and the securities are much more
heterogeneous.

Bonds di�er from each other in a number of ways. Bonds are defined by their issuer, and may di�er
in their maturity, coupon rate, credit rating, issue size, redemption rate, embedded optionality, and other
factors. Bonds can be characterised broadly by their credit rating and their duration, which depend on
all of these factors.

There are multiple types of transactions in the bond market. Transactions can be outright (or stan-
dard) trades that se�le in three working days, or outright trades that have a di�erent se�lement time.
Repo trades are also processed through the bond market, the first leg of the repo trade occurs at the
current market yield, but the second leg of the repo trade happens at a pre-agreed yield, which may not
reflect the market yield at the time of the second trade. A third factor is that the SA Government issues
nominal and inflation-linked bonds. The inflation-linked bonds trade on real yield, with the associated
cashflows indexed by inflation. The inflation-linked market is, however, small relative to nominal bonds.

The South African bond market has bonds issued by the South African Government and by corpo-
rates. The market for sovereign debt is much more liquid than the corporate debt market, and will be
the focus of this report. For a general overview of the South African Government bond market consult
the “Debt Management Report” issued by the National Treasury [2014].

2.2 Secondary Market Activity in South African Government Bonds
Transactions in SA Government bonds make up the vast majority of transactions in the market. These
transactions are split between repo transactions, spot transactions with three business day se�lement,
transactions with other se�lement agreements, structured trades and option exercises. Repo and stan-
dard spot transactions account for the vast majority of bond trades which occur on the market. Repo
transactions account for the most trade by value, while standard spot transactions account for the largest
number of trades. Table 2 shows the percentage breakdown of activity by transaction type in May 2014.

Transaction Type Value of Trades Number of Trades
Repo 68.693% 40.769%
Standard Trade (spot) 24.667% 49.875%
Structured Deal 3.895% 1.408%
Standard Trade (non-spot) 2.744% 7.258%
Option Exercise 0.001% 0.012%

Table 2: Breakdown of transaction activity by type for May 2014.

4



The trading activity in SA Government bonds is concentrated in nominal bonds. In particular, the
benchmark government bond, the R186, accounts for the majority of trades that occur. For standard
spot transactions in May 2014, nominal bonds constituted 94% of the value traded, with inflation-linked
bonds taking up the residual 6%. Of all the standard spot transactions, the R186 was 38% of the value
traded. The request-for-quote market makes up approximately 80% of total trades, in terms of value and
number of trades. The inter-dealer broker market makes up the residual 20%.

Figure 1 shows trading activity for nominal bonds in May 2014. The total consideration traded for
each bond is shown alongside the market capitalisation (nominal in issue multiplied by price) of the
bonds. The average traded yield for the bonds is also plo�ed. The bonds are ordered by their duration
in order to present an approximate term structure of yields and volume. Note that the R186 has both
the largest issue size (and hence market capitalisation) as well as the most trade activity. The R201 had
negligible trade as a consequence of being very close to maturity.

Figure 1: Trading Activity for South African Government nominal bonds in May 2014.

This investigation excludes the trades which occur outside of South Africa. Non-South African resi-
dents can trade o� of the JSE, these trades were not part of the data analysed. National Treasury [2013]
data shows that historically approximately 30% of the total secondary market trade volume traded o�-
shore between 2005 and 2012.

2.3 Transparency in the South African Bond Market
Transparency in a market is split between pre-trade and post-trade transparency. Pre-trade transparency
is the degree to which prices, across di�erent trade volumes, can be established prior to trading. In e�ect
it represents the access to price discovery for price takers. Post-trade transparency relates to the detail
and timing delay associated with the reporting of trades.

Post-trade transparency in the South African market is robust. All domestic trades that occur are
reported by to the JSE. This information is then aggregated and reported to the market. Trade-by-trade
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information, as well as daily, weekly and monthly summaries, is provided to JSE members. The identities
of the trading parties is obscured in this information, but all other information about yield, volume,
se�lement date and transaction type is provided. In addition, there are numerous press and data feeds
that provide access to historical prices and volumes for the various bonds. This means that for any
reasonably informed party with su�icient access to the reporting from the JSE there is a high level of
post-trade transparency.

Pre-trade transparency is less structured. The primary dealers provide prices in an informal manner
to their clients, this could be over the phone, in Bloomberg chat rooms or through other proprietary
trading systems (e.g. Barclays’ BARX system). These quotes can be firm or indicative prices, and may
vary by counter-party. Primary dealers can trade on prices displayed on inter-dealer broker screens,
which contain firm bid and ask prices. While many market participants may be able to view these prices,
only primary dealers can trade directly on the posted prices. This structure implies a constrained degree
of pre-trade transparency. It is important to bear in mind that there are multiple primary dealers that a
client can canvas for prices. Given that there are institutional investors participating in this market it is
likely that they will request quotes from more than one dealer. Consequently, investors can identify the
best prices to trade at, and competition amongst the dealers ought to constrain the bid-ask spread.

3 Measuring the Bid-Ask Spread in the South African Bond Mar-
ket

The liquidity of a market (or security) is the extent to which the market can facilitate a given trade
without there being an impact on the price. There are many measures of liquidity, and a review and
evaluation of these measures is provided in Goyenko et al. [2009]. The level of trade activity is a key aspect
of liquidity, both in terms of number of trades and volume of trades. However, the primary measure of
liquidity in an actively traded markets is the bid-ask spread. The spread comes in two variants; the
quoted spread derived from dealers’ quoted prices and the realised spread derived from actual traded
prices. See De Jong and Rindi [2009] for a full description of these measures.

In order to assess liquidity in the South African bond market it is necessary to measure the bid-ask
spread. Due to the market structure, measuring the bid-ask spread is a di�icult task. Data is limited,
inconsistent, and di�icult to extract. The market is generally a request-for-quote market with yields
being quoted informally. In addition, the South African primary dealers trade with each other using four
inter-dealer brokers. The inter-dealer brokers each have a screen with bid-ask quotes that the primary
dealers can trade against.

The structure of the SA Bond Market is, in parts, nuanced. While the primary dealers are most o�en
on one side of a trade, the role of brokers and o�shore dealers and investors adds complexity to the
fringes of the market. Because there is no reliable classification of parties to a trade these complexities
cannot be adequately captured in the modelling process we have employed. That being said, the size of
the primary dealers in the market means that, despite a broad representation in the data and models,
the true phenomena should not be very di�erent from what we find.

In order to measure the spread, trade-level data from the JSE can nonetheless be used. The primary
advantage of this is that it reflects market conditions with minimal assumptions. A drawback is that only
the best bids and asks will be traded against, so it may underestimate the quoted spreads (that were not
traded against). Given that most traders have access to more than one source of bid-ask quotes, it seems
a fair assumption that the wider quotes will quickly move towards the most competitive bids and asks.

The JSE trade-level data does not contain information that indicates whether a given trade was
against a bid or an ask. It is therefore necessary to classify trades as sell (against an ask) or buy (against
a bid) orders. From this classification it is possible to estimate the spread directly or indirectly. Direct
estimation consists of taking averages of the di�erence between bid prices and asks prices. Indirect esti-
mation occurs when a model for the traded price has been implemented with the spread as a parameter
to be a calibrated.

Trade-level data was obtained from the JSE. The trade classification methods of Lee and Ready [1991]
were used in an augmented algorithm to classify trades. Then the realised spread estimator of De Jong
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and Rindi [2009] was used and the indirect model of Huang and Stoll [1997] was implemented. The
model of Huang and Stoll [1997] has a number of appealing advantages. Firstly, it is a generalisation
of many of the previous models of the spread, and provides a good basis for decomposing the spread.
Secondly, it comes with a robust statistical procedure for estimating the spread and its decomposition.
Thirdly, it is straightforward to generalise the model to account for di�erent phenomena.

4 Trade Classification via the Consolidated Ticks Method
The canonical paper on classifying trades as bids or asks using trade data is Lee and Ready [1991], in
which the Forward Tick and Reverse Tick methods were developed for approximating whether a given
trade is executed against a bid or an ask. The key idea is that a trade can be classified based on the
relationship between its price and the prices of the trades adjacent to it. Bids are above asks when
trading on yield. (The reverse is obviously true when trading on price.)

There is market microstructure noise in the JSE trade-level data, so it was necessary to account for
this in the classification method. In order to classify trades robustly, the Forward Tick and Reverse Tick
methods were combined into a Consolidated Tick method.

The Consolidated Tick method was applied to trade-level data covering all South African Government
bond trades from 1 June 2013 to 31 May 2014. The method yielded a reasonable classification of the
trades. A detailed description of this approach is given in Sections 4.1 and 4.2. Sample results are given
in Figures 2 and 3.

4.1 The Forward and Reverse Tick Methods of Lee and Ready [1991]
The Forward Tick method iterates sequentially in time and compares each trade to the previous trade.
The Reverse Tick method reverse iterates in time and compares each trade to the subsequent trade. If
the current trade’s yield is above the reference trade’s yield (previous trade in the Forward Tick method,
subsequent trade in Reverse Tick method), then the trade is assumed to be against a bid. If it is below
the reference trade’s yield, it is assumed that the trade is against an ask. When the current trade is the
same as a reference trade then the classification of the reference trade is used.

When trades oscillate between bids and asks, both methods will agree on the classification. However,
if there is a run of trades in the same direction, the methods will disagree. Consider a run of bid trades
that move the traded yield upwards. The Forward Tick method will classify these correctly as bids, while
the Reverse Tick method will incorrectly classify these trades as asks. The Forward Tick method can also
incorrectly classify trades. Suppose a series of asks are traded against, where each ask is subsequently
at a higher price. This run of asks is likely to be below any preceding or subsequent traded bids, but only
the Reverse Tick method will classify them all correctly.

4.2 The Consolidated Tick Method
There are two factors that suggest the need for a Consolidated Tick method. Firstly, the Forward and
Reverse Tick methods can mis-classify trades in certain contexts. Secondly, there is microstructure noise
in the JSE trade-level data. One source of this noise is that there are multiple dealers with multiple
clients. Consequently, there is no prevailing bid and ask at any one time. This introduces noise when
trades that are all bids or all asks di�er slightly. In order to accommodate this it is necessary to control
the sensitivity of the Tick methods to relatively small changes in the yield.

A�er consultation with appropriate traders, it was decided that one basis point was the minimum
change in yield that could represent a di�erence between a bid and an ask. Changes in the traded
yield of less than a basis point should therefore be ascribed to microstructure noise. In order to decide
between the Forward Tick and Reverse Tick methods, the di�erences between the current yield and the
reference yield were considered. A larger di�erence between the reference yield and the current yield was
assumed to contain more information about market conditions. Consequently, the Forward Tick method
is favoured if the change in yield from the previous trade to the current is greater than the change in
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yield from the current trade to the next. The Reverse Tick method is favoured if the change in yield from
the current trade to the next is greater than the change in yield from the previous trade to the current.

Algorithm 1 The Consolidated Tick Algorithm in pseudo-code

1) Apply and store the Forward Tick method classification QF
t

2) Apply and store the Reverse Tick method classification QR
t

3) Iterate forward in time to classify trades Q̄t

if |yt − yt−1| < 0.01 then
Use classification of previous trade, Q̄t = Q̄t−1

else
if QF

t = QR
t then

Q̄t = QF
t

else
if |yt − yt−1| > |yt+1 − yt| then

Q̄t = QF
t

else
Q̄t = QR

t

end if
end if

end if

The Consolidated Tick method is made explicit in Algorithm 1, where yt is the yield of trade t, QF
t

is the classification given by the Forward Tick method, QR
t is the classification from the Reverse Tick

method and Q̄t is the Consolidated Tick method classification.
Note that the Forward Tick Method cannot give an estimate for the first trade and the Reverse Tick

method cannot give an estimate for the last trade. So it was not necessary to decide between the two in
the first and last trade.

In later applications it was necessary to use the trade classification in a binary context. In which case
the following convention was used:

Q̄t =

{
+1 if trade t is against a bid
−1 if trade t is against an ask.

4.3 Running Bid and Ask Series
Once each trade was classified it was possible to create a series of running bids, Bt and running asks,
At. For each trade the running bid and running ask series each reflected the most recent bid and ask
prices. These series can be wri�en as

Bt =

{
yt if trade t is against a bid
Bt−1 if trade t is against an ask

At =

{
At−1 if trade t is against a bid
yt if trade t is against an ask.

The Consolidated Tick method occasionally forces the running bid below the running ask in tightly
traded markets. If this occurs it is necessary to collapse the bid and ask estimates onto the traded yields.
This is a conservative assumption to make in a very closely traded market.

Figures 2 and 3 show sample results of the Consolidated Tick method. There are running bid and
ask series accompanying the traded yield. The results for the I2050 bond over May 2014 show a clear
separation between the trades classified as bids and those classified as asks. This establishes the e�ec-
tiveness of the Consolidated Ticks method when the market is trading in a stable range. The results for
the R186 bond over the 30th of May 2014 also reveals the e�ectiveness of the Consolidated Ticks method.
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The market was subject to a substantial change in the yield over the day and the bids and asks moved
appropriately.

It should be noted that the bid and ask occasionally coincide in Figure 3, this is because of the one
basis point bu�er in the trade classification. When the market has trade oscillating within a basis point
the consolidated classification method becomes agnostic to new information, consequently what may
be bids or asks are di�icult to disentangle and the estimated spread collapses. This only occurred for a
trade or two and then the spread re-established itself when the information available become clearer.
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Figure 2: Traded Yield with Running Bids and Asks for the I2050 Bond over May 2014
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Figure 3: Traded Yield with Running Bids and Asks for the R186 Bond over 30 May 2014
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5 Direct Spread Estimation
From the trade classification using the Consolidated Tick method it was possible to estimate the bid-ask
spread. The running bid and ask series were used as inputs into the calculation of the realised spread.
The e�ective spread is defined by De Jong and Rindi [2009] as the quantity that proxies transaction costs
in the market. This is a direct spread estimate since the quantity is calculated directly from the trade
data using the trade classification and the running bid and ask series.

The e�ective spread estimator SE can be wri�en in terms of yields as

SE =
1

T

T∑
t=1

2Q̄t

(
yt −

Bt +At

2

)
,

where Q̄t is the trade classification, yt is the traded yield and T is the number of trades of a given bond
in the sample period. However from the definitions of the series given in Section 4, the e�ective spread
estimator can be wri�en as

SE =
1

T

T∑
t=1

(Bt −At) .

Sometimes the running bid and ask series coincided. This was a consequence of the trade calibration
procedure used, and may induce a downward bias if the series were used directly. In order to estimate
the spread without this bias these zero spread observations were excluded. The following estimate was
used

ŜE =
1

T̃

T∑
t=1

(Bt −At) ,

where T̃ is the number of trades when the spread is non-zero.
The e�ective spread was calculated using the JSE trade-data set. The results are presented in Table

3. On the whole the e�ective spread estimate is typically between 4 and 6 basis points, the notable
exceptions are the R201 and the R206 bonds. Both these bonds have spreads that exceed 8 basis points.
At the time of measurement, the R201 was close to maturity and the R206 matured in January 2014, hence
the bonds were not widely traded in the market. This is reflected in the small number of observations
and the wide spreads associated with these bonds.

On the whole, the traders that were consulted agreed that these spread estimates were consistent
with what they observed. One point raised, however, was that the estimates of the spread on some of the
inflation-linked bonds seemed smaller than expected, most notably, the very small spread on the I2046.

6 Indirect Spread Estimation
Indirect estimation of the spread results when the spread is a parameter of a model for the traded yield.
A model for the traded yielded was fi�ed to the data, and an appropriate spread estimate (along with
other model parameters) was found.

The literature analysing the bid-ask spread focuses on decomposing it into the sum of three compo-
nents: adverse selection costs, inventory costs, and order processing costs. This decomposition typically
applies in a market where there are dealers present who provide liquidity to other traders. De Jong and
Rindi [2009] give a thorough review and explanation of the measurement of the spread and its compo-
nents.

The definitions of each component can be wri�en as follows, based on the definitions of Huang and
Stoll [1997]:

Adverse Selection Costs are incurred by dealers when they interact with potentially more informed
traders. This information is incorporated into the spread. As bids and asks are traded against, the pro-
cess reveals supply and demand information that is incorporated into the fair equilibrium yield. These
updates, in turn, feed into changes in the traded yield.
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Bond Name Realised Spread (bps) Observations
R186 3.914 53025
R157 4.094 15927
R209 5.372 11028
R208 5.271 9904
R2023 4.944 9456
R213 5.181 8810
R203 4.467 7449
R207 4.649 7012
R204 4.569 6606
R214 5.838 6507
R2048 6.326 4302
R2037 5.953 2989
R2030 6.81 2163
R210 4.709 1889
R202 4.095 1406
R197 5.012 1255
I2025 5.336 1242
I2038 4.548 1150
I2050 4.754 975
R201 9.729 679
I2046 2.961 574
R206 8.28 272

Table 3: Realised Spread for South African Government Bonds from June 2013 to May 2014.

Inventory Costs are the costs associated with holding securities. Dealers must hold a sub-optimal
portfolio of bonds in order to fulfil their liquidity obligations. To receive compensation for additional
market risk and forgone returns, the dealer widens the spread. The inventory costs are added to the fair
equilibrium yield to get the mid-yield that dealers o�er.

The residual component of the spread is called the Order Processing Costs. This includes the
dealer’s margin, as well as additional layers of cost from their trading infrastructure, back o�ice and
clearing. The costs of using brokers is included in this estimate as well as implicitly the costs imposed
by the JSE.

Huang and Stoll [1997] point out that it is typically very di�icult to tease out accurately the adverse
selection and inventory components individually. This view is echoed by Van Ness et al. [2001]. However,
it is possible to estimate the sum of adverse selection and inventory costs relatively easily. Any provider
of liquidity will have inventory costs and will update the fair yield based on information revealed from
previous trades. Thus, the sum of these two components can be viewed as the dealers’ cost of providing
liquidity. The residual component of the spread, the order processing costs, is absorbed directly by the
dealers and thus includes any other frictional costs in the market, particularly the dealers’ margins.

The model developed by Huang and Stoll [1997] allows for the spread, as well as the dealers’ liquidity
costs, to be estimated from trade data. Their model is a generalisation of many of the previous models in
the literature, and with almost 900 citations to date has been quite influential. The Huang and Stoll model
allows for relatively robust estimation of the parameters through the Generalised Method of Moments
(GMM). In addition, it is quite flexible, allowing for models including trade size and inter-dealer broker
status to be incorporated, as is shown in the subsequent sections.

To employ the model, it is necessary that the trade-level data be classified as being traded against a
bid or an ask. The Consolidated Tick method can be used to classify trades and the model(s) of Huang
and Stoll [1997] can be adapted to model yields in the South African Bond Market. This is described in
technical detail in Sections 6.1 and 6.2, which can be omi�ed without any major loss of consistency for
the rest of the report.
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6.1 Model Derivation
It was first necessary to adapt the Huang and Stoll model(s) to markets that trade on yield. The spread
S was assumed to be constant per instrument. Define y∗t as the fair equilibrium yield, and let Q̄t be the
trade classification as defined in Section 4. This is in contrast to Huang and Stoll who define Qt = −Q̄t.
The negative sign is necessary because of the inverse relationship between bond price and yield.

Huang and Stoll model the adverse selection costs driving changes in the fair equilibrium yield. The
fair equilibrium yield adjusts in response to the supply and demand information revealed by the previ-
ous trade, and general random information in the market. Let α denote the proportion of the spread
a�ributable to adverse selection costs. Then we can model subsequent fair yields as

y∗t = y∗t−1 + α
S

2
Q̄t−1 + εt.

The random flow of public information is represented by εt. One of the advantages of this model is that
very light restrictions are placed on this variable’s distribution. Notably, in this context, {εt} need only
be weakly stationary and ergodic, with zero mean and a finite second-order moment.

The mid-price was set by including the cost of holding an inventory. As a consequence, the mid-yield
was reduced by the costs of inventory. Huang and Stoll used cumulative trade direction

∑t−1
i=1 Qi as a

proxy for inventories, and defined β as the percentage of the spread a�ributable to inventory costs. The
calculation of the mid-yield M (y)

t from the fair equilibrium yield is thus

M
(y)
t = y∗t − β

S

2

t−1∑
i=1

Qi = y∗t + β
S

2

t−1∑
i=1

Q̄i.

So, the change in mid-yield is

∆M
(y)
t = ∆y∗t + β

S

2
Q̄t−1,

which we can write as

∆M
(y)
t =

(
α
S

2
Q̄t−1 + εt

)
+ β

S

2
Q̄t−1

∆M
(y)
t = (α+ β)

S

2
Q̄t−1 + εt

∆M
(y)
t = λ

S

2
Q̄t−1 + εt,

where λ = α+ β is the proportion of the half-spread a�ributable to dealers’ liquidity costs.
The actual traded yield is related to the mid-yield and the spread, with an additional white noise

term ηt, which has the same light distributional restrictions as before. The traded yield is defined by

yt = M
(y)
t +

S

2
Q̄t + ηt.

The change in traded yield is then

∆yt = ∆M
(y)
t +

S

2
∆Q̄t + ∆ηt.

And, using the change in mid-yield given above, we get

∆yt = λ
S

2
Q̄t−1 + εt +

S

2
∆Q̄t + ∆ηt.

This gives a single equation relating the data to the 2 parameters of interest. So we can estimate the
spread S, and the proportion of the spread a�ributable to the dealers’ liquidity cost λ

∆yt =
S

2
∆Q̄t + λ

S

2
Q̄t−1 + et,
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where et = εt+∆ηt is a consolidated error term, also with the same light distributional restrictions.
To estimate models with more complexity, an approach that buckets trades by nominal size was

implemented. Traders in the market recommended nominal grouping into four buckets of small, medium,
large and huge trades as defined in Table 4.

Bucket Nominal Trade Size
Small Trades Nominal < R10 000 000
Medium Trades R 10 000 000 ≤ Nominal < R 25 000 000
Large Trades R 25 000 000 ≤ Nominal < R 100 000 000
Huge Trades R 100 000 000 ≤ Nominal

Table 4: Nominal trade size buckets for the spread decomposition model with nominal bucketing.

This trade bucketing can be implemented using one of the Huang and Stoll models, adapted for yields
and the above set of buckets. The estimation equation is

∆yt =

4∑
j=1

(
S(j)

2
(Q̄

(j)
t − Q̄

(j)
t−1) + λ(j)

S(j)

2
Q̄

(j)
t−1

)
+ et

Q̄
(j)
t =

{
Q̄t if Nominalt ∈ Bj

0 otherwise

where Bj is an interval that corresponds to the bounds set out in Table 4. S(j) and λ(j) are the spread
and dealers’ liquidity costs corresponding to each bucket.

An additional model identifies trades that occur in the inter-dealer market. This is possible because
inter-dealer brokers add a fractional basis point to the trades. So, the trades that have a fractional basis
point in the traded yield and have exchange members as both buy party and sell party passed through
inter-dealer brokers. Those that do not are classified as request-for-quote trades.

In order to assess if this is an important factor, the following model was implemented

∆yt =
S(IDB)

2

(
Q̄

(IDB)
t − Q̄(IDB)

t−1

)
+ λ(IDB)S

(IDB)

2
Q̄

(IDB)
t−1 +

S(RFQ)

2

(
Q̄

(RFQ)
t − Q̄(RFQ)

t−1

)
+ λ(RFQ)S

(RFQ)

2
Q̄

(RFQ)
t−1 + et,

where

Q̄
(IDB)
t =

{
Q̄t if trade t was an inter-dealer broker trade
0 otherwise

Q̄
(RFQ)
t =

{
Q̄t if trade t was not an inter-dealer broker trade
0 otherwise

and S(k) and λ(k) for k = {IDB,RFQ} are the corresponding spread and dealers’ liquidity cost.

6.2 Implementing the Huang and Stoll (1997) Model
The model can be estimated via the Generalised Method of Moments, as developed by Hansen [1982].
This is one of the most robust statistical methods for estimation of econometric models. The primary
advantages are the consistency of the parameter estimates, and its resilience to autocorrelation and
heteroskedasticity in the error terms. In addition, it is not necessary to assume a distribution for the
white noise error terms, they need only have zero mean.

The estimates are found in the following fashion. Let xt be a row vector with the following elements
from the sample

xt =
(
∆yt,∆Q̄t, Q̄t

)
,
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and, let ω be a column vector of the parameters

ω = (S, λ)′.

Define the following function

f (xt, ω) =

[
etQ̄t

etQ̄t−1

]
,

which can be wri�en as

f (xt, ω) =

 (∆yt − S
2 ∆Q̄t − λS

2 Q̄t−1)Q̄t

(∆yt − S
2 ∆Q̄t − λS

2 Q̄t−1)Q̄t−1

 .
Let gT (ω) denote the sample mean of f with parameter values ω, so that

gT (ω) =

(
1

T

) T∑
t=1

f (xt, ω).

Note that, with a sample of N observations of the traded yield, we have only T = N − 1 points in our
estimation procedure because the changes in yield are used.

In order to estimate the parameters we defined a norm on the parameters as

JT (ω) = gT (ω)
′
ST gT (ω) ,

where ST is a symmetric, observation-weighting matrix. This corresponds to a weighted squared error.
We searched for the set of parameters ω̂ that minimised JT (ω). In this specific application it was first
necessary to find an ŜT . This was calculated by identifying the set ω̂(1) that minimised JT when ST = I ,
and then se�ing

ŜT

(
ω̂(1)

)
=

(
1

T

T∑
t=1

f
(
xt, ω̂

(1)
)
f
(
xt, ω̂

(1)
)′)−1

.

Then the minimisation was repeated on the JT norm

JT (ω) = gT (ω)
′
ŜT

(
ω̂(1)

)
gT (ω)

to give parameter estimates ω̂.
Huang and Stoll assumed that the error terms met the necessary consistency requirements of Hansen

[1982]. They then concluded that √
T (ω̂ − ω0)−→N(0,Ω).

Where Ω is defined as
Ω =

(
D′0S

−1
0 D0

)−1
,

with

D0 = E

[(
∂f

∂S
,
∂f

∂λ

)]
S0 = E

[
f (xt, ω) f(xt, ω)

′]
.

To estimate standard errors, sample means corresponding to D0 and S0 were used.
The procedure for the more advanced Huang and Stoll models followed exactly the same process,

but with the estimating equations and matrices adjusted appropriately to the model.
The estimation procedure was successful for almost all of the bonds and models. Only 4 out of the

92 estimation procedures were unsuccessful. When successful, the JT norm converged to zero within
machine precision. The failures are discussed in Section 6.3.
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6.3 Spread Estimates and Decomposition
The results of the estimation procedure for the standard spread model are shown in Table 5, the nominal
bucketing model in Tables 6 and 7, and the Inter-Dealer Broker segmentation in Table 8. There are also
accompanying plots of the spread and dealers’ cost of liquidity for each Table in Figures 4, 5 and 6.

The results of the standard model align closely with the results found in the direct spread estimation.
The spreads are typically between 2 and 6 basis points, again with the notable exception of the bonds
maturing in 2014. In addition, the estimates of the spread for inflation-linked bonds are again smaller
than the expectations of consulted market practitioners. The dealers’ cost of liquidity λ is typically
between 9% and 13% of the spread on the more liquid bonds. Notably, the bonds that mature in 2014
also have a high cost of liquidity. The standard errors of the parameter estimates are low compared to
the estimated values, which points towards a successful estimation procedure.

The results of the model that allows for a bucketing by nominal trade size present two interesting
phenomena (in Table 6). Firstly, there appears to be a U-shaped pa�ern in the spreads as nominal trade
size increases. Secondly, the dealers’ cost of liquidity is sometimes dramatically higher for medium, large
and huge trades in the bonds with few trades.

The U-shape manifests as the medium and large sized trade spreads being smaller than spreads in the
small trades, while huge trades a�ract a comparatively large spread. The U-shape is more pronounced
in the bonds that trade more regularly and dissipates to some extent in the less traded bonds.

The compression of spreads in the medium and large buckets may be a consequence of competition
between the dealers. However, huge trades may come with more liquidity costs for the dealers and thus
there is reduced competition, driving up the spread. It is important to note, however, that the spreads in
each nominal bucket di�er from each other by about a basis point, so the e�ect is not pronounced.

That the dealers’ cost of liquidity is substantially higher for medium, large and huge trades in the
less traded bonds is unsurprising. When the market has fragmented trade, the inventory and adverse
selection costs associated with a given trade ought to be high. This e�ect is especially pronounced for
huge trades in bonds with low trading activity.

The estimation procedure for the nominal bucketing model posed a few challenges. The bonds that
trade infrequently o�en did not have a su�icient number of observations in all the buckets. This was
compounded by the fact that more parameters were being estimated. The bonds marked with a star
in the Tables had an estimation procedure that failed to find optimal parameters, the values found are
reported for completeness.

The model that incorporates inter-dealer broker segmentation of the market has spreads in the range
of the standard model. For the heavily traded bonds (7 000 trades or more), the spreads on the trades
facilitated by the inter-dealer brokers were typically lower, by almost a basis point. However, for the
bonds that received less trading activity (and hence had a smaller sample) this e�ect was not always
present.

While the e�ect of inter-dealer brokers on the spread was muted, the e�ect on the dealers’ cost of
liquidity was pronounced. The proportion of the spread a�ributable to dealers’ cost of liquidity was uni-
formly higher in the inter-dealer broker market. This e�ect was especially pronounced for the bonds that
had low trading activity. In the inter-dealer broker market, the cost of liquidity increases quite dramat-
ically as the number of trades in a bond decreases. The standard errors associated with the parameter
estimates of this model are satisfactory. Note that the standard errors became more pronounced as the
number of trades in each category, and hence the sample size for the bond, fell.
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Bond Name Trades S (bps) Std. Error λ Std. Error
R186 53827 4.12600 0.03529 0.10051 0.00273
R157 16252 4.09400 0.05790 0.12792 0.00570
R209 11212 4.72700 0.09941 0.10336 0.00596
R208 10044 4.58200 0.08766 0.12846 0.00654
R2023 9569 4.57700 0.09323 0.11301 0.00618
R213 8921 4.78600 0.12862 0.11594 0.00751
R203 7593 4.22700 0.10212 0.14110 0.00803
R207 7151 4.41400 0.10339 0.12302 0.00768
R204 6735 4.43200 0.12303 0.14588 0.00973
R214 6586 5.61800 0.18590 0.09173 0.00613
R2048 4355 5.58200 0.22047 0.11599 0.00971
R2037 3017 4.90400 0.18283 0.08445 0.00870
R2030 2188 5.50100 0.33599 0.05864 0.00726
R210 1902 4.17600 0.24510 0.12346 0.01541
R202 1423 4.21400 0.20405 0.16620 0.02184
R197 1275 4.89200 0.33347 0.09839 0.01789
I2025 1253 4.81800 0.43094 0.11518 0.01949
I2038 1162 4.11900 0.28357 0.14813 0.02568
I2050 988 3.20900 0.17480 0.18325 0.02782
R201 702 7.93800 0.47006 0.17675 0.03241
I2046 578 2.53400 0.21357 0.10779 0.02028
R206 278 8.07400 0.66162 0.21384 0.05016

Table 5: Spread estimate and decomposition with standard errors for the Huang and Stoll model of South
African Government Bonds from June 2013 to May 2014.
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Figure 4: Spreads and the Dealers’ Cost of Liquidity per bond from June 2013 to May 2014
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Small Trades Medium Trades Large Trades Huge Trades
Bond Name Trades S (bps) λ Trades S (bps) λ Trades S (bps) λ Trades S (bps) λ
R186 24268 4.09800 0.10193 14774 3.48200 0.13040 12669 3.51700 0.13654 2116 4.23100 0.08639
R157 4517 4.20300 0.06161 3049 3.88800 0.19758 5864 3.63200 0.15351 2822 3.91600 0.20836
R209 6360 4.88500 0.06817 2161 4.37400 0.19514 2307 4.27500 0.16683 384 3.55100 0.16270
R208 5409 4.88900 0.10756 1794 3.83900 0.19481 2316 3.91000 0.20072 525 4.49500 0.05053
R2023 5320 4.46700 0.07871 1583 4.19700 0.24093 2032 4.00700 0.19410 634 4.05300 0.14856
R213 4869 4.72800 0.06631 1559 3.78300 0.15992 2021 4.32200 0.28241 472 4.42600 0.22975
R203 3436 4.30600 0.13509 1383 3.85100 0.22241 2079 3.88700 0.14761 695 3.72500 0.11867
R207 3174 4.64900 0.12388 1486 3.67400 0.20446 1981 3.86600 0.11910 510 4.06800 0.08388
R204 3251 4.76400 0.12873 1093 3.54000 0.22686 1823 4.17800 0.16049 568 4.03200 0.15571
R214 3426 5.91600 0.06852 1339 4.32500 0.16848 1497 4.64800 0.16659 324 4.26200 0.11725
R2048 2613 5.07700 0.11143 844 5.16900 0.18801 732 4.80200 0.19797 166 3.38900 0.11598
R2037 1661 3.84700 0.06765 581 3.64400 0.11627 587 3.72900 0.20380 188 4.36000 0.43201
R2030* 1121 4.48400 0.05298 386 3.48100 0.00001 481 4.18100 0.26776 200 3.80400 0.00001
R210 1591 3.96400 0.12127 166 2.25000 0.33484 106 3.15000 0.41781 39 2.09700 0.33770
R202* 1007 3.86700 0.19326 264 3.18700 0.22830 94 3.71700 0.42563 58 1.53200 0.00001
R197* 1052 4.32200 0.09698 160 4.55500 0.29924 62 3.92900 0.00001 1 20.00600 0.00001
I2025 782 4.45100 0.13369 177 2.04800 0.24421 215 1.98900 0.36000 79 2.43200 0.47738
I2038 777 3.72300 0.14310 148 3.67500 0.33121 157 1.84300 0.59213 80 1.42800 0.31743
I2050 642 3.00200 0.16122 125 2.47700 0.56988 155 1.52300 0.28037 66 2.02600 0.81161
R201 367 8.17600 0.09426 143 7.21900 0.22507 155 7.11300 0.41147 37 3.78800 0.20937
I2046* 323 2.32200 0.11012 74 1.00900 0.00000 93 1.00200 0.60026 88 1.27200 0.43257
R206 142 9.45600 0.08665 42 11.72000 0.46826 67 6.86800 0.20474 27 4.77700 0.29902

Table 6: Spread estimate and decomposition for the Huang and Stoll model with nominal trade size bucketing of South African Government Bonds from June
2013 to May 2014.
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Small Trades Medium Trades Large Trades Huge Trades
Bond Name Trades s.e (Spread) s.e (λ) Trades s.e (Spread) s.e (λ) Trades s.e (Spread) s.e (λ) Trades s.e (Spread) s.e(λ)
R186 24268 0.04910 0.00720 14774 0.05436 0.01515 12669 0.04910 0.00720 2116 0.05436 0.01515
R157 4517 0.10943 0.01706 3049 0.12456 0.03189 5864 0.10943 0.01706 2822 0.12456 0.03189
R209 6360 0.13741 0.01141 2161 0.17767 0.03610 2307 0.13741 0.01141 384 0.17767 0.03610
R208 5409 0.13070 0.01238 1794 0.14964 0.03987 2316 0.13070 0.01238 525 0.14964 0.03987
R2023 5320 0.13491 0.01055 1583 0.19471 0.04279 2032 0.13491 0.01055 634 0.19471 0.04279
R213 4869 0.17885 0.01416 1559 0.21963 0.05270 2021 0.17885 0.01416 472 0.21963 0.05270
R203 3436 0.15390 0.01962 1383 0.20199 0.04399 2079 0.15390 0.01962 695 0.20199 0.04399
R207 3174 0.14862 0.02045 1486 0.17787 0.04415 1981 0.14862 0.02045 510 0.17787 0.04415
R204 3251 0.16327 0.02195 1093 0.18518 0.05798 1823 0.16327 0.02195 568 0.18518 0.05798
R214 3426 0.27612 0.01665 1339 0.26756 0.05833 1497 0.27612 0.01665 324 0.26756 0.05833
R2048 2613 0.23829 0.01818 844 0.39552 0.07899 732 0.23829 0.01818 166 0.39552 0.07899
R2037 1661 0.23668 0.01768 581 0.26684 0.06323 587 0.23668 0.01768 188 0.26684 0.06323
R2030* 1121 0.37363 0.02082 386 0.39983 0.09939 481 0.37363 0.02082 200 0.39983 0.09939
R210 1591 0.26609 0.01875 166 0.37394 0.17086 106 0.26609 0.01875 39 0.37394 0.17086
R202* 1007 0.21131 0.03050 264 0.44148 0.10243 94 0.21131 0.03050 58 0.44148 0.10243
R197* 1052 0.32956 0.02715 160 0.83609 0.14695 62 0.32956 0.02715 1 0.83609 0.14695
I2025 782 0.48287 0.03586 177 0.42615 0.17133 215 0.48287 0.03586 79 0.42615 0.17133
I2038 777 0.32512 0.04123 148 0.59928 0.09888 157 0.32512 0.04123 80 0.59928 0.09888
I2050 642 0.20913 0.03417 125 0.48238 0.20612 155 0.20913 0.03417 66 0.48238 0.20612
R201 367 0.65769 0.06807 143 0.95559 0.11663 155 0.65769 0.06807 37 0.95559 0.11663
I2046* 323 0.23260 0.04987 74 0.22602 0.25489 93 0.23260 0.04987 88 0.22602 0.25489
R206 142 0.95628 0.08632 42 2.63559 0.13392 67 0.95628 0.08632 27 2.63559 0.13392

Table 7: Standard Errors for the Huang and Stoll model with Nominal Trade Size bucketing of South African Government Bonds from June 2013 to May 2014.
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Figure 5: Spreads and the Dealers’ Cost of Liquidity per bond and nominal trade size from June 2013 to May 2014.
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IDB Trades RFQ Trades
Bond Name Trades IDB Trades Spread Std. Error λ Std.Error RFQ Trades Spread Std .Error λ Std. Error
R186 53827 14336 3.27905 0.05199 0.17800 0.01495 39491 4.03038 0.03928 0.09606 0.00506
R157 16252 3121 3.13037 0.09318 0.21505 0.03420 13131 3.94111 0.06299 0.13434 0.00849
R209 11212 2403 4.38200 0.16677 0.18751 0.03568 8809 4.60265 0.10651 0.09207 0.00943
R208 10044 1615 3.93091 0.16413 0.30547 0.04086 8429 4.47105 0.09445 0.11342 0.00881
R2023 9569 1570 3.79616 0.14783 0.29247 0.03716 7999 4.49901 0.10461 0.09735 0.00783
R213 8921 1941 4.35273 0.21197 0.35230 0.03928 6980 4.48838 0.13742 0.07851 0.01058
R203 7593 1238 3.40456 0.18323 0.32610 0.06552 6355 4.03415 0.10310 0.13553 0.01222
R207 7151 1340 3.70139 0.18639 0.33957 0.04927 5811 4.21299 0.10692 0.10143 0.01262
R204 6735 1146 4.41808 0.33122 0.33264 0.07260 5589 4.10173 0.10607 0.13025 0.01666
R214 6586 1383 4.85517 0.25262 0.22941 0.04679 5203 5.60052 0.21129 0.07000 0.01038
R2048 4355 810 4.37262 0.24348 0.39093 0.05325 3545 5.55518 0.26231 0.08573 0.01105
R2037 3017 531 4.12221 0.32652 0.27709 0.05332 2486 4.58861 0.19906 0.06523 0.01093
R2030 2188 451 5.18346 0.53260 0.19680 0.05202 1737 4.66696 0.32630 0.03878 0.01492
R210 1902 171 4.73693 0.70025 0.47587 0.08079 1731 3.83037 0.25575 0.10414 0.01783
R202 1423 121 5.25695 0.71732 0.55222 0.10608 1302 3.98973 0.20272 0.13970 0.02657
R197 1275 42 4.88352 1.26122 0.71805 0.35622 1233 4.79016 0.33583 0.08543 0.01747
I2025 1253 76 5.04988 2.15194 0.74388 0.14201 1177 4.38432 0.37386 0.09233 0.02321
I2038 1162 137 3.38209 0.66115 0.39801 0.11250 1025 3.66317 0.28428 0.15217 0.03215
I2050 988 92 3.08811 0.43728 0.48461 0.09586 896 2.95005 0.18366 0.18024 0.03377
R201 702 85 6.93934 1.20955 0.51458 0.12393 617 7.67797 0.48693 0.14789 0.03935
I2046 578 61 2.98494 0.64800 0.51286 0.09749 517 2.09824 0.19800 0.07640 0.02853
R206 278 25 10.25915 3.12083 0.57948 0.17714 253 7.65413 0.63405 0.17332 0.06760

Table 8: Spread estimate and decomposition for the Huang and Stoll model with inter-dealer broker segmentation of South African Government Bonds from
June 2013 to May 2014.
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Figure 6: Spreads and the Dealers’ Cost of Liquidity per bond and market segment from June 2013 to May 2014.
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6.4 Statistical Tests of Di�erences
In order to establish the trends identified in the parameter estimates rigorously it was necessary to test
for di�erences in the parameter estimates statistically. This is di�icult because only the asymptotic
distribution of the parameters is known. In addition, the covariance matrix of the parameter estimates
Ω is estimated from the data. The issues related to the finite sample distribution of GMM parameter
estimates are discussed in Hall and Horowitz [1996].

Because of the uncertainty associated with the finite sample distribution of the parameters, di�er-
ences were only tested for the R186. This simplifies the results, uses a large sample, and avoids the issues
associated with multiple hypothesis testing (i.e. Bonferroni corrections are not essential).

In order to test the R186 spread estimates for the U-shape, the hypothesis tests were:

1. H1
0 : S(Small) = S(Medium)

2. H2
0 : S(Medium) = S(Large)

3. H3
0 : S(Large) = S(Huge)

4. H4
0 : S(Huge) = S(Small).

Two-sided tests were conducted, so the alternative hypothesis is simply an inequality between the pa-
rameters. The test statistic used in each test was

t =

√
T − 2 (Ŝ(i) − Ŝ(j))√

Ω̂(i, i) + Ω̂(j, j)− 2Ω̂(i, j)
.

Using the asymptotic normality of the parameter estimates, and assuming a χ-squared distribution of
the estimated errors for the parameter di�erence, the test statistic has a t−distribution. Since 2 param-
eters were estimated alongside the standard errors, the degrees of freedom should be T − 2. There are
be�er distributional assumptions to make in the GMM context, as outlined by Hall and Horowitz [1996].
However, this requires extensive analysis of the residuals associated with the model and bootstrapping
of a parameter distribution.

The assumption of a χ-squared distribution for the Ω̂(i, i) + Ω̂(j, j) − 2Ω̂(i, j), while not exact, is
favourable. It facilitates the use of a t−distribution for the test statistic, which has a wider acceptance
region than if a normal distribution were used. The only other simple alternative is to assume no ran-
domness in the denominator of the test statistic and treat the di�erence between parameters as normally
distributed. So the assumption of a χ-squared distribution is a conservative choice that incorporates the
randomness in the estimate of the standard errors.

The two-sided p-values associated with each of the test statistics in tests one to four are reported in
Table 9. Hypothesis tests one and three can be rejected at the 1% level, while tests two and four cannot.
This is exactly in line with the hypothesised U-shape in the spreads. So while the di�erences are not
large, they are statistically significant.

In order to test the e�ect of the inter-dealer brokers, two additional tests were conducted. The hy-
pothesis tests were:

5. H5
0 : S(IDB) = S(RFQ)

6. H6
0 : λ(IDB) = λ(RFQ).

These hypotheses were tested using the same test statistics and distributional assumptions as in
the nominal bucketing model. The results of the hypothesis tests are reported in Table 10. Both null
hypotheses six and seven have test statistic p-values that are zero to four decimal points. Thus, they
can safely be rejected at any meaningful level of significance. Consequently, the hypothesised di�erence
between the inter-dealer broker market and the request-for-quote market are statistically significant.
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Hypothesis Test Test Statistic p-value
H1

0 : S(Small) = S(Medium) 9.3885 0.0000
H2

0 : S(Medium) = S(Large) -0.4693 0.6388
H3

0 : S(Large) = S(Huge) -3.3681 0.0008
H4

0 : S(Huge) = S(Small). -0.63494 0.5255

Table 9: p-Values for the test statistics of the R186 under the Huang and Stoll model with nominal
bucketing.

Hypothesis Test Test Statistic p-value
H5

0 : S(IDB) = S(RFQ) -13.1415 0.0000
H6

0 : λ(IDB) = λ(RFQ) 4.428004 0.0000

Table 10: p-Values for the test statistics for the R185 under the Huang and Stoll model with market
segmentation.

6.5 Insights from the Results
The primary insight from these estimates is that across all market partitions the spreads are stable and lie
between 2 and 6 basis points, while the dealers’ cost of liquidity is highly variable. Any structures in the
spreads that have been identified, while statistically significant, are not pronounced. Consequently, any
e�ect that the bonds, nominal trade size, and market segmentation has on the spread is largely muted.
The dealers’ cost of liquidity on the other hand is much more variable across the di�erent segments of
the bond market.

The overall stability of the spreads indicates robust provision of liquidity from the primary dealers.
Exceptions only occurred with the two bonds that were very close to maturity, one of which actually
matured during the data period. The robust provision of liquidity is further supported by the spread in
the inter-dealer broker market occasionally being higher than that in the request-for-quote market.

If the spread is approximately constant and the dealers’ cost of liquidity is varying, order processing
costs must compensate for this variation. Since the costs of trading infrastructure are constant at a
trade-by-trade level, the remaining portion of the order processing costs must be compensating; this is
the dealers’ margin.

The behaviour of the dealers’ cost of liquidity across the various bonds and models indicates that the
primary dealers are absorbing many of the costs imposed by illiquidity. If the cost of liquidity estimates
were stable and the spreads highly variable it would mean that dealers’ were passing on any increased
inventory and adverse selection costs to their clients.

Consider the steeply increasing costs of liquidity in the inter-dealer broker market for the less traded
bonds (Table 8). This means that it is exceptionally expensive for the dealers to trade in the market, yet
the spreads on the lightly traded bonds, where the cost of liquidity is high, are stable, and even lower in
the request-for-quote market in a few cases.

The same phenomenon can be seen in the model with nominal bucketing (Table 7). The spreads
remain in the 2 to 6 basis point range, but the dealers’ cost of liquidity varies substantially across the
bonds and nominal buckets. From between 6% to 13% of the spread in the small trade bucket, the cost
of liquidity becomes highly variable in the remaining buckets. The less traded bonds have estimates of
the dealers’ cost of liquidity in the range of 20% to 80% across the medium, large and huge trades.

One contention may be that the variability in the estimates of the dealers’ cost of liquidity is a flaw
in the model, and not an empirical detail. This is countered by the standard errors obtained for the
estimates. They are, in most cases, small relative to the estimate. It is also worth noting that, with the
exception of 4 out of 92 cases, the error norm was minimised to within machine precision.

The provision of liquidity benefits the primary dealers, so it is not incongruous that they accept
reduced margins in some cases. Since the dealers’ cost of liquidity is incorporated into the spread it is
ultimately a cost to investors, the dealers’ margins are net of the cost of providing liquidity. The results
of the models indicate that the dealers are being su�iciently rewarded by this margin when the costs of
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liquidity are low and that they allow their margin to be compressed when the costs of liquidity are high.
The net e�ect of this is that the spreads remain between 2 and 6 basis points over the bonds, trade size
and market segment.

7 Significance for the South African Bond Market
The principal goal of this report is to consider the implications for future market regimes in terms of
liquidity and transparency. The Banking Association South Africa (BASA), the JSE, National Treasury,
SARB, and Primary Dealers are collaborating in order to move the bond market to an electronic trading
platform. This represents a substantial shi� from the central order book originally proposed by the JSE. It
retains the primary dealer model, but may improve transparency with three inter-dealer brokers quoting
on separate screens. National Treasury will provide a report on its preferred approach. A move towards a
centralised electronic market could have any number of impacts in terms of liquidity and transparency.
However, using the decomposition of the spread in this report it may be possible to frame a discussion
about future market regimes.

The three variables of importance to market liquidity in this study, the spread, the dealers cost of
liquidity, and trading volume, are dependent on the market structure. The results of the models imple-
mented in Section 6 have a fairly clear interpretation; spreads are kept within a four basis point range
by dealers absorbing the costs of liquidity into their margins. This is potentially a consequence of there
being su�icient margins for the primary dealers overall so that they are willing to absorb liquidity costs
when they are high.

Any change to the current market regime will potentially have an impact on the spread, dealers’
cost of liquidity, and market volume. These quantities vary with each other in a non-linear fashion and
there are a number of market factors driving each. Certainly competition amongst the dealers serves to
constrain the spread, however the appetite of the dealers to allow margin compression when liquidity
costs are high may depend on margins in other parts of the market. This is further complicated by the
uncertainty associated with these quantities. Certainty of high margins in one market sector may allow
for uncertainty of margins in another sector to be tolerated. For instance, uncertain inventory costs
associated with the R202 may be borne because there is su�icient certain reward from margin earned on
the R186.

A further complication is the economic relationship between the dealers’ cost of liquidity and the
spread. These two quantities could potentially influence each other. While dealers are suppliers of liq-
uidity they are also consumers of liquidity. Simplistically, dealers consume liquidity when they need
to trade with other dealers to manage their inventories in response to a supply and demand mismatch
that they have previously absorbed. So the dealers cost of liquidity depends on the spread, as well as
the reverse. There is potential that any widening in the spread may cause a rise in the dealers’ cost of
liquidity, which may in turn cause the spread to increase.

Because of the non-linearity of the relationship between the spread, dealers’ cost of liquidity and
market volume, it is immensely di�icult to project how these quantities will behave under a di�erent
market regime; especially so if the specifics of that market regime are yet to be established. However, it
is possible to consider the e�ects of changes in the relevant quantities to the market participants. This
is discussed below for the primary dealers, the brokers and the JSE, investors, and finally regulators. The
aim of the discussion is to provide insight into the risks and rewards facing each of the parties, and not
to provide recommendations.

7.1 Primary Dealers
Primary dealers aim to benefit from the provision of liquidity to their clients. The benefits come from
the margin they make within the spread and from the additional products that can be sold by a fixed
income desk. Ideally, dealers would like to see wider spreads with low cost of liquidity and high trading
volumes. There is however a dynamic relationship between these quantities. High volumes may require
large inventories if the trade is not symmetric, this in turn may drive up the cost of liquidity and hence
the spread. But, too high a spread could disincentivise investment and hence restrict trade volume.
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In the context of a centralised market, primary dealers would be faced with several potential chal-
lenges. In the event of public and uniform pricing of bonds with publicised transactions, primary dealers
are likely to face di�iculty in managing their inventories, restrictions on di�erentiated pricing, and po-
tentially more adverse selection. There are also potential opportunities; dealers with the most e�ective
inventory management and the most competitive spreads are likely to a�ract market share. If increased
transparency and ease of trading in a centralised market a�racts additional investors then this may grow
the volume of the primary dealers’ trade.

The potential impact of pre-trade and post-trade transparency is of particular concern to primary
dealers. Pre-trade transparency in the form of hard quotes could expose primary dealers to more ad-
verse selection. Post-trade transparency could force signalling e�ects into the market. A primary dealer
who wishes to balance her inventory a�er a large trade may have to trade in a market where the other
participants know her position. This could move the market unfavourably for the primary dealer.

The key quantity is the dealers’ margin. The spread and dealers’ cost of liquidity are subject to
change in a centralised market for many reasons, the dealers’ margin, however, needs to be su�iciently
large to incentivise the continued provision of liquidity. Should this margin be insu�icient it may lead to
instability in the market. There is a risk that the operating environment of a centralised market may be
too di�icult for some primary dealers. This could lead to banks abandoning their primary dealer status,
resulting in concentration risk amongst the remaining primary dealers. In addition, uncertainty about
margins in a centralised market may lead to widening pressure on the spread.

7.2 Brokers and the JSE
The brokers benefit only from the volume of trade that they facilitate. This is likely to still come at
the cost of a marginal addition to the spread in the order processing costs component. Any kind of
centralisation that occurs in the bond market will lower the need for brokers to facilitate trades through
matching buyers and sellers. However, brokers might still play a key role in anonymitisation of buyers
and sellers. Trading through a broker may provide both primary dealers and investors access to the
market that does not signal their intention and prevents the market moving unfavourably. This could
take on primary importance in a centralised market depending on the level of pre-trade and post-trade
transparency required by the market regime.

It is possible that a market centralisation leads to reduced use of dealers and hence a reduction in
order processing costs. However, the anonymity that brokers provide may command a premium and
thus drive up spreads for larger, more sensitive, trades. This could be especially pronounced for primary
dealers needing to rebalance their inventories.

Volume of trade is also the key consideration for the JSE. The JSE profits from providing the trading
infrastructure and managing the trading process. The costs that the JSE imposes is incorporated into the
order processing costs component of the spread. Any change in the market structure is likely to require
investment from the JSE, and depending on the complexity of the development may pose development
risks and higher order processing costs. The Bond Exchange of South Africa was taken over by the JSE
in 2009. At the time, the regulators asserted that the trading of bonds listed by the JSE would be moved
onto an electronic trading platform, in good time. This remains the intention of the FSB and the National
Treasury.

One substantial risk is that a move towards a centralised market incentivises the creation of alterna-
tive trading locations. So called “dark pools” may be created if the pre-trade and post-trade transparency
requirements make it di�icult for parties to trade cost e�ectively in a public forum.

7.3 Investors
In terms of liquidity, investors are mainly concerned with access to low spreads across the bonds for
reasonable volumes. While investors only observe the spread, they are still exposed to its components.
In particular, while investors may also want additional transparency, this might come at the cost of a
higher spread. This could occur if added transparency induces higher inventory and adverse selection
costs for dealers.
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A centralised market could have several implications for the cost of trading and uncertainty around
prices. The costs and ease of trading plays a central role in investment decisions regarding the market.
Any uncertainty associated with price information and the costs of trading may be incorporated into the
yields that investors are willing to accept. Confidence from investors that there is access to fair prices
in the market is required for their participation. This means that investors need reflective (though not
necessarily complete) information about past and potential market activity.

7.4 Regulators
The SA bond market is regulated by the JSE as a self-regulating organisation, in turn regulated by the
Financial Services Board (FSB) under the Financial Markets Act. National Treasury is an issuer and the
ultimate maker of financial sector policy, but does not directly regulate the bond market.

The central aim of bond market policy is to ensure e�ective borrowing for the Treasury and to protect
investors. The bond market should allow stable, low cost access to funding for the Treasury, while the
secondary market should have low and stable spreads (and yields for that ma�er). The di�iculty that
regulators face is in mandating the right balance between the competing interests of the government, the
liquidity providers (primary dealers), the trade facilitators (the JSE and the brokers), and the investors.

The broad goal of constraining the order processing costs while improving investor confidence through
transparency, may be enabled by centralising the market. However, this is contingent on there being suf-
ficient incentive for primary dealers and brokers to operate in the market. In addition, it is contingent
on investor confidence in the market. This means that the dealers’ cost of liquidity might need to be
appropriately balanced with their margins. The impact of pre-trade and post-trade transparency in a
centralised market on the dealers’ adverse selection costs and inventory costs in this regard is a key
consideration.

Any mandated transparency that causes a substantial rise in the dealers’ cost of liquidity, may result
in a widespread reduction in market liquidity. That is, if it no longer becomes viable for the dealers to
absorb high liquidity costs with their margins, the spread may become unstable. On the other hand, too
opaque a market is likely to cause investor uncertainty about fair prices, causing yields and volumes to
become unstable.

8 Suggestions for Further Investigation
There is further scope to refine this investigation. The two most important technical aspects where there
is scope for further research are; improving the trade classification methodology, and establishing more
accurate distributions of the test statistics.

This study has not considered the impact of the repo market. While this market is typically used for
collateralised lending, it does play a role in liquidity that has not been fully considered.

The treatment of the counter-parties to trades has been intentionally broad. This is because there is
no data to support a more precise treatment. If data with the counter-parties identified were available a
more accurate representation of the market structure could be achieved.

It could also be valuable to make comparisons with other sovereign debt markets in order to bench-
mark the findings of this study. This is not necessarily an easy task, as establishing and decomposing
the spread in terms of yields may be di�icult for markets where the bonds trade on price. Estimating
these quantities for other markets would also require access to trade-by-trade data, which may prove
di�icult.

Further analysis of the o�shore secondary market for South African Government Bonds may also
prove valuable. O�shore trading accounts for a sizeable portion (approximately 30%) of the total sec-
ondary market activity (by consideration). The role of primary dealers in this trade is likely to be id-
iosyncratic, and may reveal cross sectional information about the formation of spreads.
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