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Abstract-Previous studies on stochastic asset models have ignored the default-risk of fixed income securities. However 
developments in the global financial markets indicate thatsovereign bonds, domestic government and corporate bonds carry 
significant credit risk and that a risk-free domestic government debt which guarantees a rate of return is unavailable. In this 
paper we examine the effects of varying the default-probability onthe return dynamics of domestic government debt using an 
economic scenario generator. We provide the implications of ignoring the default-probability of fixed income securities, 
taking Ghana as an example. The analysis via a multi-period asset projection model and under a CAPM framework indicates 
that ignoring the default probability of fixed income securities in general can lead to serious underestimation of portfolio 
risks. 
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I. INTRODUCTION 
 
In recent times most government sovereign bonds 
considered to be risk-free have seen massive 
downgrade, For example, The United States, the 
French and the U.K government sovereign bonds 
have been downgraded. These have increased 
uncertainty in the markets and have forced some 
investors to reconsider what has often been thought of 
as one of the safest investments in the world. These 
developments in the financial markets indicate that a 
risk-free domestic government debt which guarantees 
a rate of return is unavailable. Similarly, the current 
European sovereign debt crisis has culminated in a 
wave of European government debt downgrades and 
possible defaults. For example, Portuguese, Italian 
and Irish government bonds have been downgraded, 
and the Greek government bond default resulted in a 
call for banks and pension funds to take haircuts on 
their bond investments. As a consequence, pension 
funds investing in government bonds are faced with 
severe credit losses. The global financial crisis from 
2007 and the subsequent global recession clearly 
demonstrate that increasing volatilities and lower 
returns within asset classes and increasing 
correlations between international asset classes in a 
bear market limit the usefulness of stochastic asset 
models based on historical data and a backward-
looking approach and which do not take into 
consideration the default risk of corporate or 
government bonds.These observations are 
inconsistent with widely-held assumptions used in 
stochastic asset models and VAR models used in 
projecting asset returns dynamics attributed to 
international investment, since returns appear to 
reduce in bear markets, and during economic 
downturns and recessions (see Wilkie, 
1995;Hoevenaarset al., 2008; Campbell, and Viceira, 

2005).Under these conditions, as witnessed in the 
recent European debt crises, idiosyncratic shocks 
arising from the absence of risk-free domestic 
government bonds are not shared equally among 
global investors and therefore stochastic asset models 
must take into account the default risk associated with 
fixed income investments.The investment returns for 
a domestic institutional investor who invests in both 
overseas bonds and domestic government bonds may 
therefore depend on the default probability of the 
bonds’ asset class, since these bonds are capable of 
defaulting and where there is default investors may 
obtain negative returns on their portfolios. The 
returns receivable for short- to medium-term maturity 
asset classes, such as a 5-year Ghanaian Government 
bond denominated in the domestic currency, will also 
depend on their average recovery rates under default. 
These assets are increasingly becoming an integral 
part of a pension fund’s asset allocation, but they 
come with several risks, paramount among which in 
recent times has been the default risk on sovereign 
bonds. In the Americas, Kouwenberg (2001) report 
that several governments; Jamaica, Argentina, 
Mexico and Chile, have defaulted on their sovereign 
government bonds. 
Governments in these markets are perceived as 
capable of defaulting even on local borrowing. The 
ratings agencies capture this potential by providing 
two sovereign ratings for most countries, one for 
foreign currency borrowing and the other for local 
currency borrowing. While the latter is usually higher 
than the former for most countries, several countries 
have local currency ratings which are not Aaa 
(AAA), Moody’s (S & P) standard for a default-free 
country (each rating also has a specified default 
probability). An overview of the approaches of major 
rating agencies is given in Christiansen(2004)who 
also cover some aspects of the approach in detail. 
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Stochastic asset models in the actuarial literature and 
VAR models in the economic literature have ignored 
the credit risk associated with domestic government 
bonds subject to default.The need to model the 
default risk explicitly in determining expected returns 
and generating investment returns in the absence of a 
risk-free domestic government bond is becoming 
particularly important. Against this backdrop, this 
section examines investment returns in the absence of 
a risk-free domestic government bond and analyses 
investment returns under varying domestic 
government bond default probabilities using the 
Ghana government bond as an example.Our interest 
of this, is in two questions: how does the absence of a 
risk-free domestic government bond affect 
investment returns for long-term domestic investors; 
and how does varying sovereign default probability 
impact on investment returns? To answer these 
questions, the expected asset returns are derived using 
a forward-looking approach under a CAPM 
framework. The historical covariance structure of the 
assets returns, inflation and spot currency rates are 
estimated. A discrete-time multivariate log-normal 
model for asset returns, inflation and currency is 
constructed and the return series is then projected 
over a 40-year time horizon using a forward-looking 
approach.It is shown that if the default probability of 
domestic government bonds is integrated into the 
ESG, the volatility, skewness and excess kurtosis of 
bond returns increases tremendously. The effect of 
this is that domestic government bonds return less on 
average. The large dimensions of the model and the 
problem of handling asset classes are examined, for 
which only a short time series of returns is available, 
particularly the 5-yearGhanaian government 
sovereign bonds which have been issued recently. 
Therefore the short-term rates are used as a proxy for 
the 5-year Ghanaian bonds. This is not believed to 
have a material effect on the results because the study 
is not interested in looking at either the tails of the 
distribution or the term structure of risk for the return 
dynamics, this will be considered in future research. 
For an exposition of approaches to addressing such 
problems seeCampbell and Viceira (2005) 
andHoevenaarset al. (2008). The interest here is to 
examine the impact of the absence of a risk-free 
domestic government bond on return dynamics and to 
give practical implications of the results. 
This paper contributes to two strands of literature: 
investment returns in the absence of a risk-free 
domestic government bond using forward-looking 
drift components within a mean-variance framework, 
and returns under varying default probability. Within 
the finance, economic and actuarial literature, no 
previous study appears to have investigated the effect 
of default probability on domestic government bond 
returns. This section aims to begin to fill that gap by 
developing an explicit ESG for a domestic firm, 
modelling both domestic and overseas equity and 
bond returns and taking into consideration the default 

probability of domestic government bonds.Similar 
techniques are used to model credit risk by banks and 
by rating agencies. For an exposition on this model, 
seeJarrow, Lando and Stuart (1997). In Section II the 
literature on factors contributing to credit default 
spread and default risk is described in detail. This 
leads an examination of the effect of varying default 
spreads of domestic government bonds on the 
investment returns of a portfolio containing a 
domestic government bond capable of default.  
 
II. RELEVANT LITERATURE 
 
In the actuarial literature, Wilkie’s (1995)model is 
widely used, particularly in the UK. Wilkie’s model 
is based on an autoregressive conditional 
heteroskedastic (ARCH) model developed from 
historical data using a version of Box and Jenkins 
(1970)methodology. Huber and Verall (1999) find 
Wilkie’s (1995treatment of economic theory to be 
inconsistent, while Kemp (1996) finds that 
characteristics of Wilkie’s model do not fit with 
intuition and the model is difficult to understand as it 
is built with several parameters. For example, the 
latter author finds that the expected returns on 
property are more than on equity in the long term. In 
contrast to Wilkie, Smith (1996) produces a jump 
equilibrium model, giving more importance to 
theoretical considerations than to statistical fit. Smith 
designs his model around financial economic theories 
such as the efficient market hypothesis; however, 
Huber (1998) questions the theoretical framework on 
which the jump equilibrium models are built, in 
particular the heroic assumptions implied by the 
CAPM model. For example, the CAPM model 
assumes that agents can borrow and lend at the same 
risk-free rate and that short selling is allowed. Merton 
(1976) produces returns assuming random large 
moves in returns using jump-diffusion processes.In 
the economic literature, the VAR approach has been 
widely used. Campbell and Viciera (2005) examine 
optimal portfolio strategy, and Kouwenberg (2001) 
and Hoevenaars et al. (2008) apply VAR models to 
historical data to examine the optimal portfolio 
strategy for Dutch pension funds. Maurer, Mitchell 
and Rogalla (2009) use VAR models to examine the 
optimal contribution policy and investment strategy 
for a German pension fund. Other researchers 
implement regime-switching models. For example, 
Ang and Bekaert (2002) use regime-switching models 
to evaluate the benefits of international 
diversification, drawing the conclusion that the 
existence of a high-volatility ‘bear regime’ does not 
negate the benefits of international diversification, 
and that the costs of ignoring regimes are small for 
moderate levels of risk aversion in the absence of a 
conditionally risk-free asset. Harris (1999) describes 
similar techniques, allowing for returns to be 
randomly drawn from regimes, each with its own 
distribution. Kemp (1996) suggests that most of the 
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limitations of the Wilkie model may be avoided using 
a multivariate log-normal model to simulate asset 
returns for asset and liability modelling of pension 
funds. However, neither the Wilkie model nor any of 
the models considered above take account of the 
default probability of a domestic government bond in 
modelling the bond returns and projecting asset 
returns in general.  
This study represents the first attempt to incorporate 
this factor into an ESG based on a log-normal 
multivariate stochastic model projecting the returns 
forward. This research considers a real-world 
scenario which aims to produce realistic economic 
scenarios that reflect the way in which the world is 
expected by the investor to evolve. For a thorough 
exposition of the types of ESG, see Varnell (2011), 
who explains ESG from a non-technical perspective. 
The author indicates that real-world models 
invariably include risk premium but may not 
necessarily be arbitrage-free. In addition, an ESG 
model built on economic theory with clearly 
articulated economic assumptions will deliver a 
valuation more highly correlated with market values 
than other methods such as traditional discounted 
cash flow. The major advantage of ESG is its ability 
to simulate several paths of return dynamics 
consistent with economic theory. With ESG, the 
financial position of a pension fund can be calculated 
in many possible future circumstances. However, 
ESG models have a major drawback, as with all 
models. For asset and liability management problems, 
explicit decision rules with respect to a fund’s 
contribution policy, investment policy and indexing 
policy must be formulated. It is possible that policies 
other than the one which is chosen may lead to better 
solutions, for example to lower funding costs. In the 
actuarial, economic and finance literatures, several 
ESGs have been employed for the asset and liability 
management of pension funds. 
 
III. METHODOLOGY 
 
First, a log-normal multivariate stochastic model is 
developed, consisting of six economic variables. In 
line with [28], each individual economic variable is 
modelled as a log-normal time series, in which the 
parameters are estimated using historical data, taking 
the future economic outlook into account. In this 
approach, most of the key variables affecting a 
pension fund are modelled stochastically. This entails 
not only setting the distribution for each of the 
variables involved, along with the relevant 
parameters, but also modelling the inter-dependencies 
of these variables. Forward-looking expected returns 
are incorporated into the parameters, projecting the 
returns forward. Once the individual variables have 
been modelled, correlations between them are studied 
using historical data. Only risks that can be mitigated 
by holding capital are considered, including market 
and credit risks; other risks such as longevity risk are 

not incorporated into this model.It is assumed that 
correlations of asset returns adequately measure the 
linkages between them. A returns-based approach to 
modelling sovereign bonds is used, by recognizing 
that the returns on this asset class can be explained by 
movements in the yield, movements in the credit 
spread, coupon payments and defaults. These are 
modelled and combined to give the return for the 
asset class. The interaction between these factors and 
other financial variables is also modelled. For 
example, sovereign bond risk (default risk) is linked 
to bond market returns in determining the projected 
average bond. This is similar to Merton’s (1974) 
contingent claims approach, in which insolvency 
occurs if the value of the firm falls below the value of 
the outstanding obligations. 
The stochastic model used to generate and project 
return scenarios. The generator produces robust and 
internally consistent economic scenarios of 
international equity index returns (S&P500 Index) 
and domestic equity index returns (GSE Composite 
Index). In addition to generating the two correlated 
equity index returns in domestic currencies, bond 
yields and spot exchange rates are used to generate 
correlated domestic bond returns and foreign bond 
returns in domestic currency. Here it is assumed that 
changes in the natural log of asset classes are linked 
by a multivariate normal distribution.The returns on 
stock, bondsmultivariate log-normal simple random 
vector using the expected returns as a parameter in 
the model projecting the equity returns forward. If 
��is the price index series, then the returns are 
modelled as a random walk as follows:������ =
 ���� + µ + �ℰ�. Hereℰ� ~ N (0, 1), where µ denotes 
the expected returns and � denotes the volatility of 
the equity returns, change in bond yields, exchange 
rates and inflation . The exchange rate is modelled as 
a log-normal model that maintains the principle of 
interest rate parity (IRP). Solnik and McLeavy (2004) 
discuss in detail the controversy related to the validity 
of IRP and indicate that, despite the limitations of 
IRP, it is used widely as a basis to generate exchange 
rate scenarios, largely because this relationship can be 
hedged using current market instruments. Having 
projected and simulated 10,000 scenarios of the bond 
yield, the bond returns ���� are generated from the 
yields. To do this, it is assumed that an annual par 
fixed coupon bond with a given duration is 
purchased, held for one year, and then rolled over 
into a new bond with a given duration parameter �. 
Following the standard bond pricing approach, the 
value of a bond is derived from the discounted 
present value of the coupon payments and the 
nominal face value, given no default occurs, from 
which the returns are calculated as follows: 

 
Where � denotes the duration or term of the bond.In 
projecting the bond returns forward, default 
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modelling is employed based on Merton’s credit risk 
model, in which an obligor (in this case the domestic 
government) defaults when the asset return generated 
in the simulation falls below the Z-default threshold. 
Z-default is defined as the normal inverse of the 
probability of default, which ensures that, in the long 
run, the obligor will default as many times as is 
predicted by the default probability. For simplicity of 
exposition, if the bond defaults, the following 
recovery scheme is applied: the investor receives a 
fractionδ of the par value, in contrast to what pertains 
in practice, where the investor receives a fraction of 
the remaining face value upon default. In this way the 
additional risks of domestic government bond default 
are reflected in the volatility side of the modelling. 
Here, assuming that investors are risk neutral, all 
payments are discounted at the risk-free rate, hence, 
the return on the risky domestic government bond is 
modelled as follows: 

 
where� ≤ 0 denotes the default and δ denotes the 
recovery rate on the domestic government bond. This 
is in contrast to the empirical observation that 
maturing bonds do not necessarily converge to par 
during severe distress and default may be further 
delayed due to the grace period. It is also assumed 
that the recovery rates, default probability and credit 
cycles are independent. For an exposition of 
modelling possible dependencies, see Chen, Cheng 
and Liu (2008), who model interest rates and default 
rates consistent with the widely-held view that hazard 
rates are negatively correlated with real economic 
activity over the business cycle. Similarly, Altman et 
al. (2005, cited in Bruche and Gonzalez-Aguado 
2010) apply a Markov model technique to model such 
dependencies using data for corporate debts.The 
foreign bond, the par coupon at issue and the 
revaluation of the bond a year later are based on a set 
of foreign bond yield curves. Similarly, the above 
procedure is followed in generating ��. This process 
gives the return of the foreign bond in the local 
currency. To calculate the return of the foreign bond 
in the domestic currency, the return on the foreign 
bond in the local currency is added to changes in the 
spot exchange rate.The annual rate of inflation is 
denoted as �� and is measured as�� =  [(���� −
������ )/������ ], where ���� denotes the consumer 
price index at time t. The changes in the log of 
inflation are modelled as a log-normal model, 
with������ =  ���� + µ + �ℰ�, where � denotes the 
volatility of the change in log on inflation and ℰ� ~ N 
(0, 1).  
We adopt an approach that distinguishes between the 
views of the investor and the expected returns that 
drive optimization analysis. To this end, a forward-
looking approach is employed to determine the 
expected returns of the assets. The novelty of this 
approach is that the default probability of a domestic 
government bond is explicitly modelled in 

determining the expected returns. In line with Black 
and Litterman (1992) global CAPM, the expected 
return on Ghanaian equities is estimated as the 
equivalent risk-free rate of return on the Ghanaian 
bond based on default plus the relative Ghanaian 
equity risk premium on Ghanaian government bonds. 
To estimate the relative Ghanaian equity risk 
premium, the standard deviation of US equities in US 
dollars is scaled against the standard deviation of 
Ghanaian equities in Ghanaian Cedi to obtain a 
measure of relative risk whilst allowing for exchange 
rate risk in the calculation of correlations. However, it 
is inconsistent to have differences in risk premium 
that change depending on the currency of calculation 
(Sweeting, 2011). In line with CAPM, as adopted by 
Sharpe (1964) and Lintner (1969), who derive a 
linear relationship between the expected return on an 
asset and its risk, a linear relationship is assumed 
between equity risk premiums and equity market 
standard deviations. The relative equity risk premium 
for Ghanaian equities is set by multiplying the US 
equity risk premium by the relative standard 
deviation of Ghanaian equities. The equivalent risk-
free rate of return on the Ghanaian bond is estimated 
using the Markov model described by Jarrow, Lando 
and Stuart (1997). The authors provide a detailed 
reference to models for pricing credit-risky bonds. 
Here, only a two-state Markov model is considered, 
in either a default or a no default state. The Jarrow, 
Lando and Stuart (1997) model rests on some 
simplifying assumptions. Firstly, it is assumed that, in 
contrast to practice, once the government defaults on 
its bond, it can still access the capital markets without 
an increase in yields. For instance, the yield on Greek 
government bonds shot up to almost 50 per cent after 
default from a low of about 8 per cent ex-ante.Thus, 
for the purposes of this paper, a simplifying 
assumption is imposed on the interaction between the 
default-free term structure and the government's 
bankruptcy process, assuming that the two processes 
are statistically independent under the pseudo-
probabilities. In other words, the Markov process for 
credit ratings is independent of the level of spot 
interest rates (under the pseudo-probabilities). Jarrow, 
Lando and Stuart (1997) indicate that for investment 
grade debt (such as the Ghanaian bond) this appears 
to be a reasonable first approximation to historical 
probabilities, though for speculative grade debt the 
accuracy of the approximation deteriorates. The merit 
of this assumption is an unresolved empirical issue. It 
is imposed as a simplifying assumption to facilitate 
this empirical investigation. Mathematically, the 
equivalent risk-free rate of return for the Ghanaian 
bond is estimated as follows: 
Let τ  be a stopping time (time of default) defined as: 
τ = inf{t|state(t) = default}.Let N(T) be a counting 
process (indicator function depending on whether the 
Ghanaian bond is in default or not), defined as: 
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For a coupon bond that pays 1 at time �, the actual 
total payment at time � will be: 

 
where δ denotes the recovery rate of the bond when 
there is default and �(t, T) denotes the interest rate on 
the domestic bond. There then exists a risk-neutral 
probability measure Q equivalent to a real world 
probability P under which the expected future gross 

payments are equivalent to the expected wealth on the 
domestic Ghanaian bonds. If �'(t, t+1) is considered 
as the equivalent risk-free rate of return on the 
domestic government bond that matures at time t+1, 
and �(t, t+1) denotes the return on a risk-free coupon 
bond paying a sure Ghanaian cedi at time t+1, then 
the equivalent risk-free rate of return on domestic 
government bonds is given as: 

 
This is equivalent to saying that, since the local 
currency bond rate includes a default spread, the 
amount of the current market interest rate on the bond 
which can be attributed to the default risk is 
estimated, then this default spread is stripped from 
the rate to arrive at an estimate of the equivalent risk-
free rate of return on the Ghanaian bond. Therefore, 
an estimate of the expected return on the risky bond is 
equivalent to the yield on the domestic bond adjusted 
for default. An estimate of the equivalent risk-free 
rate of return on the Ghanaian bond adjusted for 
default is then given as: 

[�(t, t + 1)][1 − Q(τ < � + 1)]
− (1
− δ)[Q(τ 
< �
+  1)]                                        (13) 

For simplicity, it is assumed that δ is a non-random 
constant, and transaction costs are ignored. For an 
exposition of the above approach, see Jarrow, Lando 
and Stuart (1997). Projecting forward, it is assumed 
that the default probability Q(τ <  � + 1)remains 
constant and represents real world actual default 
probabilities implied by credit spreads. Christiansen 
et al. (2004) explain that these market-implied default 
probabilities are risk-neutral, meaning that the 
probability assessments with which the market values 
a security are the expectation of the discounted 
present value of its cash flows, with discounting at 
the risk-free rate. The authors note that for credit 
ratings, real-world actual default probabilities implied 
by credit spreads are needed and can be calculated by 
combining reduced-form models (as described above 
as in Jarrow, Lando and Stuart (1997) with a 
structural approach as described in Merton (1976). 
The default probability of the Ghanaian bond is 
uprated from 3.04 per centto 3.40 per cent. It is 
assumed that this remains constant over the entire 
projection period. For simplicity of exposition, it is 
assumed that the loss on default δ -1 remains constant 
over time since most of the capital on the bonds is 
lost on default and δ is constant. In practice, loss on 
default changes over time. In this model δ is set to 52  

 
per cent, which is the average recovery rate for B-
rated sovereign bonds. The expected return on US 
equities is equivalent to the 10-year US government 
bond yield (risk-free rate on US government bond) 
plus the equity risk premium on US government 
bonds. In this model it is assumed that the equity risk 
premium for the US can be computed using historical 
data; for instance, Dimson, Marsh and Staunton 
(2010) estimate US equity risk premium on 
government bonds at 4.4 per cent. The expected 
currency appreciation or depreciation is based on the 
own-currency yield. The difference between the 
equivalent risk-free Ghanaian bond yields and the 
risk-free yield on the US bond gives an estimate of 
the expected change (depreciation or appreciation) in 
exchange rate in accordance with the determination 
of interest rate parity. The expected return on the 10-
year risk-free US bond is set approximately equal to 
the yield on a bond of that term assuming that there is 
no drift on the yields of 10-year US government 
bonds, since if a different return were available over 
the same period on a bond with a different term, this 
would imply that an arbitrage opportunity existed. 
Therefore, in this model it is assumed that there is no 
drift and no expected change in yield, so the expected 
return on Ghana Government Bonds is set to the 
equivalent risk-free rate of the Ghanaian domestic 
bond yield based on default. Similarly, a forward-
looking approach is taken to assume that future 
inflation will be based on the expectations of 
monetary policy committee targets in Ghana. To this 
end, current inflation expectations are set to the 
monetary policy committee target in Ghana, whilst 
ensuring that there are no expected changes in 
inflation. 
The returns are projected into the future for the run-
off period of the pension liabilities (40 years), 
ensuring that the correlation between the variables is 
maintained, generating the returns into the future. To 
do this, a matrix of 10,000 by 6 independent random 
normal variables Ω can be generated. A 6 by 6 matrix 
П is then calculated, such thatПП′ = L, where L is a 
6 by 6 covariance matrix. It is assumed here that L is 
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positive semi-definite. Once П is found, it is 
multiplied by Ω to simulate a matrix of 10,000 by 6 
correlated normal random variablesПΩ. To obtain the 
vector of correlated returns for equity and the changes 
in bond yields �, the expected returns as given by the 
column vector µ shown in Table IV.1 are added to the 
correlated normal random variates ПΩ. The required 
calculation is therefore � = µ + ПΩ.It is, however, 
relatively straightforward to generate multivariate 
normal correlated random series directly from a 
mean-variance matrix using the NTRAND software. 
Here, Matsumoto and Nishimura’s (1998) Mersenne 
Twister algorithm is employed to obtain uniform 
pseudo-random numbers for a longer period and 
higher order of equi-distribution, and the Box and 
Muller (1958)  method is used to generate normal 
random numbers.Using the NTRAND software and 
parameters specified in Table I below, a 10,000 by 6 
correlated matrix is generated of expected US and 
Ghanaian equity returns, changes in US and Ghanaian 
Bond yields, expected depreciation or appreciation of 
the Ghanaian Cedi/US Dollar exchange rate and 
changes in Ghanaian inflation. Once this matrix has 
been formed, bond returns are projected and derived 
from bond yields, as explained in Section 2.4, whilst 
accounting for Ghanaian bond default probability. 
 
Data, Parameters, Limitations and Assumptions 
Future economic scenarios of returns are generated 
using the return dynamics described above. This is an 
ESG which not only captures the correlation between 
asset classes but also combines an explicit model of 
the default probability of domestic government 
bonds. Once the model has been completely 
specified, the stochastic model is used to simulate 
projections of future scenarios of the economic 
variables. In particular, the ESG is parameterized, 
assuming a start date of 31 December 2010, to 
simulate 10,000 40-year scenarios projecting forward 
from that date. Thirty-nine months of monthly data 
have been used, from October 2007 to December 
2010. There are limitations in the length of data 
used.This dataset is too short to attempt to calibrate a 
model. Doing so would lead to spurious models and 
parameters estimated using 2007-2010 data series, 
which might be dubious and seem unrealistic for 
future projections. To avoid this problem, more 
reasonable long-term parameters are used to illustrate 
the key results (see Table I below for parameter 
estimates as explained in Sections 2.5.1 and 2.5.2).It 
is important to note, however, that the scope of this 
research does not extend to examining the 
dependence of the results on parameter uncertainty. 
Notwithstanding these limitations, the ultimate goal 
of examining investment strategies in the absence of 
risk-free domestic bonds should not be affected. the 
object of this investigation – the effect of default 
probability oninvestment strategies – should not be 
affected. However more reasonable parameters are 
used as shown in Table I.In modelling equity returns, 

the S&P 500 Composite Price Index has been used 
for US equities and the GSE All Shares Price Index 
for Ghanaian Equities. For bond returns, the 10-year 
Bofa ML US Treasury Strips CM has been used for 
US Government bond returns. For Ghana government 
bonds, the available index is in US dollars, so this 
does not reflect domestic rates. Only the short-term 
interest rate is available for this. Therefore, the short-
term interest rate – the GH Discount Rate (EP) – is 
used as a proxy for a 5-year credit-risky Ghana 
government bond yield, assuming that a fixed 
maturity 5-year Ghana Cedi government bond is 
always available. The bond returns from the bond 
yields are then estimated, making simplifying 
assumptions as explained in Section 2.4. For 
Ghanaian inflation, the nominally adjusted Consumer 
Price Index (CPI) is used. The Ghana Cedi/US dollar 
spot exchange rate is used to project exchange rate 
returns. All data have been obtained from 
DataStream.  
It is assumed that the average composition of the 
GSE index, S&P index, and the exposure of their 
constituents to, say, 10-year US and 5-year Ghana 
government bonds rates over the last 4 years will 
remain the same for the next 40 years. The GSE and 
S&P return index represents listed stock returns. This 
indirect market capitalization index represents the 
total return index behaviour of publicly-traded 
property companies on the New York and Ghana 
stock exchanges. The total index includes both capital 
changes and dividend payments. All return series are 
taken as the difference in logarithm of the index. All 
returns are denominated in Cedi to reflect the 
objectives of a Ghanaian pension fund. 
Table I: Parameterisation of Economic Scenario 
Generator  

 
Source: Author’s calculations 
The first row of Table I represents the expected 
returns on equities, expected changes in bond yields 
and expected changes in exchange rates, and the last 
row represents historical annualized volatilities and 
parameters. Other relevant parameters are the 
parameters at the start of the projection year. An 
initial value of 13.50 per cent is used for Ghanaian 
bond yields, with an initial value of 2.47 per cent for 
U.S bond yields, and a current inflation rate of 8.56 
per cent. According to Moody’s, the recovery rate of 
B-rated domestic government bonds is around 52 per 
cent and the 1-year average default probability of B-
rated domestic sovereign bonds is 3.37 per cent.The 
correlations of the variables over the period 2007-
2010 are shown in Table II. It can be observed that 
the correlations of asset returns are much lower 
across than within markets. Hence, international 
diversification may reduce the total risk of a 
portfolio. 
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Table II: Correlation Matrix of Changes in Natural Log of Data Series 

 
Source: Author’s calculations
 
The lower triangular matrix represents the 
correlations of historical monthly data for domestic 
and foreign assets with changes in the natural log of 
bond yields, changes in the natural log of equity 
index GSE and S&P500 indices, changes in the 
natural log of Ghanaian inflation (GHINF) and 
changes in the natural log of spot Cedi/dollar 
exchange rates over the period October 2007 to 
December 2010. In view of the fairly low correlation 
exhibited in Table II between national financial 

markets observed in the dataset, it is possible to reap 
gains from international portfolio diversification. 
I. Analysis and Results of Return Dynamics 

Table III and Table IV report summary statistics over 
the first year of projection and the entire projection 
period respectively. Comparing simulated expected 
returns, expected changes and the volatilities of the 
variables in Table III with the parameters determined 
in Table II using the historical data set, very minimal 
deviations are observed. 

 
Table III: Mean and Volatility of Simulated Returns (Year 1 of Projection under No Default) 

 
Source: Author’s calculations 

Table IV Summary Characteristics of Simulated Returns over Entire Projection 

 
Source: Author’s calculations
 
It is found that the country equity risk premium, 
measured by the difference between US equity risk 
premium and Ghanaian equity risk premium, which is 
based on relative volatilities in the equity market is 
consistent with the country equity risk premium 
obtained under the CAPM framework. This is also 
consistent with the average country equity risk 
premium obtained under the simulated returns over 
the entire projection period. Increasing the default 
probability of the Ghanaian domestic government 
bond decreases the expected return on average; this is 
because the bond returns less on average as the 
default probability increases, consistent with 
economic intuition. If it is assumed that credit default 
probability on the Ghanaian domestic bond rewards 

not only risk of default but other risks such as 
liquidity, a fifty per cent increase in the default 
probability implies a decrease in expected returns of 
about one per cent on average and a rise in volatility 
of about 2.5 per cent on average. Table IV indicates 
that a full default probability on Ghanaian 
government bonds implies an increase in volatility of 
about 5 per cent on average and average expected 
returns decrease by about 2 per cent from the base 
case with no default. Overall, the Ghanaian 
government bond returns exhibit exceptionally fat 
tails, while equity returns and US government bonds 
exhibit thin tails. On average, expected returns on 
Ghanaian equities are higher than expected returns on 
Ghanaian bonds in line with economic principle. It is 
expected that on average Ghanaian government bonds 
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would return more than the US government bond; 
however, Table IV indicates that on average 
Ghanaian domestic bonds return less than that of 10-
year US government bonds. For conservative reasons, 
this fact is ignored.  The lower expected returns on 
the Ghanaian government bond may be due to the 
fact that the VB-Excel based credit risk model using 
the Merton approach predicts more defaults in the 
long run than the expected number of defaults under 
the risk-neutral default probability used in this model, 
and on average the US bond yields far less than the 
Ghanaian bond. The implication of these results for 
investment strategy is that, in the absence of a risk-
free domestic government bond, on average the 
domestic government bond will return lower rates. 
This means that the extent to which an investor shifts 
asset allocations from the domestic government bond 
to a US bond will depend on the extent to which the 
increased volatility introduced by the defaults is 
offset by currency and market risks and the reduced 
returns on average.  
 
CONCLUSION 
 
The study sought to take account of the default risk of 
sovereign government bond in Economic Scenario 
Generators via a structural approach. The default 
probability of a domestic government bond was 
integrated into a stochastic asset model using 
Ghanaian data. This is very relevant for asset and 
liability modeling worldwide because in recent times 
the nature of governments’ fiscal positions and the 
current crises arising from American and European 
government debts has made the consideration of 
credit risks in asset and liability modelling a top 
priority. This is because domestic governments and 
corporate debtors face severe default risks, implying 
that a failure of government fiscal policy may result 
in a default on its domestic government bond.  
 
In this regard, the study investigated the extent to 
which varying the default probability of a domestic 
government bond impacts on the risk and return 
profile of the investment returns within a multi-period 
multi asset model, taking Ghana as an example.  
 
The result indicates that ignoring the default risk 
associated with domestic government bonds in the 
domestic currency may lead to serious 
underestimation of investment risks. The study was 
repeated for several default probability levels and the 
results were consistent with the a priori logic of 
investment theory. The study revealed that increasing 
the default probability of domestic government bonds 
results in increased volatility and lower returns on 
average and an increase in excess kurtosis. The 
results are in line with a pure risk management 
framework - for a fixed expected return and 
associated volatility increasing the default probability 

places additional volatility and increased excess 
kurtosis on the risk-free domestic government bond. 
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