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ABSTRACT
This paper presents a transparent, arbitrage-free framework for extracting an implied survival 
probability curve from quoted debt prices. Using available market data, a risk-free reference curve, 
and industry-standard loss-given-default assumptions, we price a selected set of bonds by decomposing 
their expected cash flows into survival and default states. Each component is discounted using the 
reference curve and a common survival curve is inferred so that the sum of these components matches 
the observed market price. The resulting all-in spread reflects the relevant risk premia. Calibration is 
performed using quoted mid prices, which reduces microstructure noise from bid–ask quoting but does 
not, by itself, remove liquidity premia. Consequently, the implied spreads should be interpreted as credit-
plus-liquidity measures. The methodology is demonstrated by estimating South African sovereign risk 
using rand-denominated government bond prices from Johannesburg Stock Exchange quoted prices. 
The South African rand swap curve is used as a proxy for the risk-free rate. While the paper focuses on 
credit spreads for domestic unsecured sovereign debt, the methodology is generalisable to other listed 
debt instruments, such as floating-rate notes issued by named counterparties or as baskets within a 
sector, to construct sector-specific credit-spread term structures. When bid and ask quotes information 
are available, the methodology can be extended to perform calibration at both ends of the spread to 
assess the sensitivity of the inferred survival curve. Illustrative examples are included in which bid–
ask spreads are computed along the term structure of bond prices to show the calibration process and 
resulting curves.
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1.	 INTRODUCTION
Credit risk denotes the possibility of loss when a borrower does not meet contractual obligations 
in the manner and timing specified by the contract (Lando, 2004; Duffie & Singleton, 
2003). When the borrower is a national government, additional legal and macroeconomic 
characteristics shape both the incidence and pricing of default. Sovereign borrowers benefit 
from jurisdictional immunities and discretion over fiscal and monetary policy, but remain 
exposed to real constraints (including productive capacity, external financing conditions, and 
terms of trade) and to institutional and political factors that can alter repayment priorities 
(Eaton & Gersovitz, 1981; Tomz & Wright, 2013).

In this context, sovereign credit risk refers to the likelihood that a government will 
miss, restructure, or otherwise interfere with payments on its obligations, conditional on 
information available to market participants (Pan & Singleton, 2008; Longstaff et al., 2011). 
Two complementary drivers often highlighted in the literature are a government’s ability 
to pay (linked to fiscal space, debt burdens, and the macroeconomic environment) and its 
willingness to pay, which is linked to political incentives and institutional credibility (Eaton 
& Gersovitz, 1981; Tomz & Wright, 2013). Even where resources are sufficient, policy 
makers can elect to re-profile debt or impose capital and payment restrictions for domestic 
policy reasons. Investors therefore require compensation for default and related risks in the 
form of credit spreads, that is, the yield premium over a corresponding risk-free benchmark. 
In reduced form valuation, observed prices (or spreads) are consistent with a term structure of 
risk-neutral default probabilities; calibrating such models yields an implied hazard-rate curve 
over time (Duffie & Singleton, 1999; Lando, 2004; Pan & Singleton, 2008).

During the past two decades, many African governments have made greater use of 
domestic and international bond markets to finance infrastructure, social programmes, and 
fiscal deficits (OMFIF, 2023; OMFIF, 2024). While this broadening of funding sources has 
supported market development, it has also increased investors’ exposure to sovereign default 
risk, particularly where macro-fiscal buffers are limited and interest-to-revenue ratios are 
elevated (Comelli et al., 2023). The Absa Africa Financial Markets Index consistently ranks 
South Africa at or near the top for market depth and accessibility, describing its system as 
deep and highly liquid (OMFIF, 2023; OMFIF, 2024). Even so, South Africa remains rated 
below investment grade by major agencies (e.g., S&P BB− foreign-currency; Fitch BB−) 
(National Treasury, Republic of South Africa, 2025; Fitch Ratings, 2024a).

Elsewhere on the continent, debt strains have been more acute. As of 2022–2023, more 
than half of low-income economies in sub-Saharan Africa were assessed by the International 
Monetary Fund (IMF) as being at high risk of, or already in, debt distress (Comelli et 
al., 2023). Recent episodes include Ghana’s suspension of most external debt service in 
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December 2022 pending a comprehensive restructuring (Ministry of Finance, Republic of 
Ghana, 2022), Zambia’s missed US$42.5 million Eurobond coupon in November 2020 that 
precipitated a default and protracted negotiations (Mfula & Strohecker, 2020), Mozambique’s 
2016 restructuring following the revelation of previously undisclosed external borrowing 
(IMF, 2016; IMF and International Development Association, 2018), and Ethiopia’s request 
for treatment under the G20 Common Framework (IMF, 2023). These cases illustrate that 
sovereign default is a material, empirically observed risk in African emerging markets.

Against this background, South Africa is a useful case study for inferring an implied default 
term structure from domestic bond prices. The domestic capital market is comparatively 
deep and liquid by regional standards, and the Johannesburg Stock Exchange (JSE) lists a 
wide range of government bonds across maturities (OMFIF, 2024). In valuation practice, 
regulatory and accounting frameworks typically reference a “risk-free” discount curve. Under 
International Financial Reporting Standards (IFRS) 17, discount rates are required to reflect 
the characteristics of the liability cash flows (including timing, currency and liquidity) and to 
exclude factors not relevant to those cash flows; in practice, jurisdictions often derive such 
curves via top-down or bottom-up approaches using instruments with no or negligible credit 
risk (International Accounting Standards Board, 2018; KPMG International, 2020). South 
Africa’s Solvency Assessment and Management (SAM) framework, aligned with Solvency II 
principles, implements risk-sensitive capital requirements that include market and spread/
credit risk components (Prudential Authority, 2018). If sovereign bonds are treated as risk-free 
in all contexts, long-dated liabilities may be undervalued and capital requirements understated 
when sovereign credit risk is non-negligible. Recent experience and rating-agency studies 
document multiple sovereign defaults since 2020 and point to continued default incidence 
among lower-rated issuers (Fitch Ratings, 2024b), warranting a more complete view of the 
credit component embedded in South African government bond yields.

The standard toolkit for assessing sovereign risk combines credit ratings, historical 
default frequencies, and credit-default swap (CDS) spreads. Rating agencies summarise 
creditworthiness via letter grades based on quantitative and qualitative criteria; these grades 
are widely referenced in regulation and investment mandates (Cantor & Packer, 1996; Basel 
Committee on Banking Supervision, 2006; Fitch Ratings, 2024b). CDS spreads represent 
the cost of insuring against default and, in liquid markets, provide market-implied default 
probabilities under reduced-form valuation (Pan & Singleton, 2008; Augustin et al., 2014). 
For South Africa, CDS referencing rand-denominated sovereign debt are limited in depth 
and turnover; analysts therefore often proxy default risk with United States dollar (USD)-
denominated contracts. Macro-fundamental models relate sovereign spreads to economic 
variables (e.g., fiscal space, external balances and growth) but typically deliver a single 
spread measure rather than a full term structure (Hilscher & Nosbusch, 2010). This motivates 
methods that infer a local hazard-rate term structure directly from prices of rand-denominated 
government bonds, using reduced-form pricing of survival and default cash-flow states (Duffie 
& Singleton, 1999; Lando, 2004).

This paper addresses that gap by applying a bond-default bootstrap to rand-denominated 
South African government bonds. In a reduced-form setting, the price of a defaultable bond 
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equals the discounted expectation of promised cash flows conditional on survival plus the 
expected recovery at default. Given a risk-free discount curve and an assumed recovery rate, 
one can calibrate a hazard-rate term structure so that model prices match observed market 
prices (Duffie & Singleton, 1999; Lando, 2004; O’Kane, 2008). The approach is standard 
in developed markets. To the best of our knowledge, a published, systematic application to 
South African sovereign cash bonds is limited. In practice, local practitioners often treat the 
government yield curve as risk-free or proxy default risk using USD-denominated CDS, 
introducing currency and basis risk (Du & Schreger, 2016).

Using the South African rand (ZAR) swap curve (historically constructed using JIBAR 
three-month rates) as a proxy for the risk-free rate, this study calibrates a survival-probability 
curve from domestic bond prices and extracts a term structure of implied default probabilities 
that reflects local market pricing.1 As liquidity develops in ZARONIA, an overnight indexed 
swap (OIS) referencing ZARONIA will provide a more appropriate near risk-free benchmark. 
Its level should sit below the swap curve, excluding bank-credit and term premia and reflecting 
a tighter liquidity margin, at magnitudes in line with current JIBAR to ZARONIA credit-
adjustment spreads. We expect any level effect to be modest, but the impact is empirical and 
should be reassessed once ZARONIA-based OIS markets are liquid.

This paper makes three contributions. First, it sets out a transparent, arbitrage-free procedure 
for deriving a sovereign hazard-rate term structure from prices of rand-denominated South 
African government bonds. The approach decomposes each bond’s cash flows into survival 
and default states, discounts these using a risk-free reference curve, and calibrates a common 
hazard-rate function so that model prices align with observed quotations. Second, it outlines 
how the calibration can, in principle, be performed to bid and ask quotes to bound a liquidity 
premium and thereby separate credit and liquidity components of observed yields. Third, it 
positions the analysis within South Africa’s regulatory and actuarial context, indicating how 
the results may inform discount-rate selection under IFRS 17 as well as solvency capital 
and asset–liability management under the SAM framework. To our knowledge, published 
applications of this bond-bootstrap procedure to South African sovereign cash bonds are 
limited; documenting an implementation for a relatively deep emerging-market bond 
market (OMFIF, 2024) and drawing out the actuarial implications therefore add value. The 
framework is readily generalisable to other issuers (e.g., corporate or municipal) and is useful 
in jurisdictions where CDS markets are thin or where only foreign-currency CDS are liquid, 
which introduces currency and basis risk (Du & Schreger, 2016).

1.1	 Literature review
The discussion above motivates a review of existing literature on sovereign credit-risk measure
ment, preparing the ground for the bootstrapping methodology developed in this paper.

1	 JIBAR is the Johannesburg Interbank Average Rate, administered by the South African Reserve 
Bank, which is a reference rate that underpins many financial contracts and valuations in South 
Africa. ZARONIA is the South African Rand Overnight Index Average and is the preferred 
successor to the JIBAR.
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Section 2 synthesises the main strands of research on sovereign credit-risk assessment. We 
distinguish between structural models, which link default to an economic boundary involving 
the sovereign’s notional “assets” and liabilities, and reduced-form (intensity-based) models, 
which treat default as the arrival of a stochastic event governed by a time-varying hazard rate.

1.2	 Structure of the manuscript
The remainder of the paper is organised as follows. Section 2 provides the literature review 
outlined above. Section 3 details the data and methodology: we describe the sample of 
South African government bonds, specify coupon schedules, day-count conventions and 
the recovery assumption, and derive the equations used to bootstrap a survival-probability 
curve from bond prices. An extension to separate credit and liquidity premia by calibrating 
to bid and ask quotes is illustrated, using proxy input spreads, on the bond prices. Section 4 
presents the empirical results, including the calibrated hazard-rate curve, the implied credit-
spread term structure and sensitivity analyses. Section 5 concludes by summarising the 
contributions, discussing limitations and suggesting avenues for future research. The paper 
ends with references.

2.	 BACKGROUND OF CREDIT RISK METHODS
2.1	 Modelling frameworks for sovereign credit risk
2.1.1	 STRUCTURAL MODELS
Structural models derive default from the interplay between an issuer’s assets and liabilities. 
In the seminal formulation, Merton (1974) views equity as a call option on the firm’s assets, 
so that default arises when assets are insufficient to cover debt at maturity. The approach 
delivers closed-form expressions for equity, risky debt and the risk-neutral default probability, 
and links default risk to leverage and asset volatility in a transparent way.

To make the mathematics concrete, consider a simple Merton set-up. Under a risk-neutral 
measure , the asset value At follows a geometric Brownian motion

	 d = ( )d d ,t
t

t

A r q t W
A

σ− + 	 (1)

where r is the risk-free rate, q a payout rate (e.g. dividends), σ the asset-volatility and Wt 
a standard Brownian motion. With a single zero-coupon debt of face value K maturing at 
time T, terminal default occurs if <TA K . Let ( )Φ ⋅  denote the standard normal Cumulative 
Distribution Function (CDF) and define
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Then the equity and risky-debt values at time 0 are

	 0 0 1 2= e ( ) e ( ),qT rTE A d K d− −Φ − Φ 	 (2)

	 0 0 1 2= e ( ) e ( ).qT rTP A d K d− −Φ − + Φ 	 (3)
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and the risk-neutral default probability at maturity is 2( < ) = ( ) TA K dΦ − . First-passage 
variants replace the terminal event <TA K  with the first time At hits a lower barrier and 
can be analysed using barrier-option techniques (Black & Cox, 1976). For sovereigns, the 
absence of a traded sovereign “asset” and the negotiated nature of recoveries limit the direct 
applicability of structural models and motivate reduced-form approaches.

Historical evolution and limitations. The original structural framework pioneered by 
Merton (1974) spawned numerous extensions. Later work relaxes the “default only at 
maturity” assumption. First-passage (barrier) models trigger default as soon as the asset 
value touches a specified lower boundary, so bankruptcy can occur before T when a 
covenant is breached (Black & Cox, 1976). Jump-diffusion models allow the asset path to 
exhibit occasional sudden moves (jumps) in addition to continuous Brownian variation; 
such jumps can push assets through the boundary in a single step and help match short-
maturity credit spreads (Merton, 1976; Kou, 2002). These first-passage models preserve the 
economic intuition that leverage and asset volatility drive default risk, yet they highlight a 
key limitation: structural models require the analyst to observe or estimate the borrower’s 
“asset value” and its volatility. For corporates, this information can sometimes be inferred 
from equity markets; for sovereigns, there is no traded asset representing the state’s 
productive capacity. Attempts to proxy sovereign assets with discounted tax revenues or 
commodity wealth are model-dependent and sensitive to fiscal policy. Moreover, structural 
models often tie recovery at default to residual asset value, whereas sovereign debt 
restructurings involve negotiated haircuts, maturity extensions and currency conversions 
that bear little relation to any notion of liquidation value (Eaton & Gersovitz, 1981; Tomz 
& Wright, 2013). These considerations explain why structural models are rarely used to 
price or reserve for sovereign credit risk and why reduced-form, market-based approaches 
are generally preferred.

2.1.2	 REDUCED-FORM (INTENSITY-BASED) MODELS
Reduced-form (intensity-based) models treat default as the arrival of a stochastic event 
governed by a non-negative hazard rate λ(t). Jarrow & Turnbull (1995) introduced a framework 
in which default occurs unexpectedly (often modelled as a Poisson jump) under stochastic 
interest rates; Duffie & Singleton (1999) and Lando (2004) developed the associated term-
structure results. The hazard rate captures the instantaneous conditional default probability 
and links survival functions to default times. Reduced-form models dispense with a notional 
sovereign “asset” and instead calibrate λ(t) to market data such as cash-bond prices or CDS 
premiums. Since default is treated as an information-driven market event rather than a balance-
sheet threshold, intensity-based models are well suited to sovereigns, where macroeconomic 
and institutional shocks can trigger default and the government’s “assets” are not observable.

Mathematically, the reduced-form framework specifies

	 ( )
0

( ) = Pr( > ) = exp ( ) , ( ) = ( )d ,
t

S t t t t u uτ λ−Λ Λ ∫ 	 (4)
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so that, in general, the density of τ satisfies ( ) = ( ) ( )f t t S tτ λ  and, when λ is constant, τ is 
exponential with mean 1/λ (Lando, 2004). Under the risk-neutral measure and assuming 
independence between interest rates and default with deterministic λ(t), the price of a unit-
notional defaultable zero-coupon bond with maturity T and fractional recovery Rrec takes the 
familiar fractional-recovery-of-par form

	
( )

0 rec 0

rec 0
survival term default term

= (0, ) ( ) (0, ) ( ) ( )d

= (0, ) ( ) (0, ) d ( )

T

T

P Z T S T R Z t t S t t

Z T S T R Z t S t

λ+

+ −

∫

∫




	 (5)

where (0, )Z t  is the risk-free discount factor (Duffie & Singleton, 1999; O’Kane, 2008). 
Alternative recovery conventions, such as recovery of market value or recovery of treasury, 
modify only the recovery leg and its timing (O’Kane, 2008). Reduced-form models do not 
explain the economic cause of default; the hazard rate is a no-arbitrage parameter inferred 
from prices and typically requires periodic recalibration as market conditions evolve.

Constant hazard rate example and calibration. To build intuition, consider the special case 
of a constant hazard rate λ. Then ( ) = e tS t λ− . If the short rate r is also constant, a unit-notional 
bond that pays 1 at maturity T if no default occurs and pays recovery Rrec at default has price

	 ( )( ) ( )
0 rec= e 1 e ,r T r TP R

r
λ λλ

λ
− + − ++ −

+
	 (6)

illustrating how a higher hazard rate (λ) shifts value from the survival leg to the recovery leg. 
For a perpetuity ( T →∞ ) the survival term vanishes and 0 rec / ( )P R rλ λ→ + . With time-
varying rates, the price is obtained by numerical integration, but the same intuition applies: 
higher hazard rates reduce survival probabilities and therefore lower prices.

In practical applications the hazard rate is often assumed piecewise constant on buckets 
1 1 2(0, ],( , ],T T T , till maturity. One then bootstraps the hazard curve by matching observed 

bond prices sequentially: the shortest-maturity bond identifies λ1 on 1(0, ]T ; given λ1, the bond 
maturing at T2 identifies λ2; and so on. This step-by-step calibration yields a term structure 
of hazard rates that reproduces market prices under the assumed recovery rate. Piecewise-
constant curves are easy to estimate but may exhibit jumps at bucket boundaries; practitioners 
sometimes smooth the output using splines or parsimonious parametric forms.

2.1.3	 HYBRID AND OTHER MODELS
Between the structural and reduced-form extremes lie hybrid models that incorporate features 
of both. Examples include combining a Merton-type asset-value framework with an intensity-
based jump process to allow early default, or introducing observable “trigger events” such 
as macroeconomic thresholds. The Moody’s KMV method is sometimes regarded as hybrid 
because it uses market data to infer asset values and “distance to default” (Crosbie & Bohn, 
2003). Although such models can capture richer dynamics, calibrating them to sovereign 
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issuers is hampered by the lack of observable asset values and limited market data. In this 
paper we adopt a pure reduced-form (hazard-rate) framework, which is straightforward to 
calibrate to bond prices and aligns with the methodology in Section 3.

2.2	 Market-based measures of sovereign credit risk
2.2.1	 CREDIT RATINGS AND HISTORICAL DEFAULT FREQUENCIES
Credit ratings summarise an issuer’s creditworthiness using letter grades. Agencies such 
as Standard & Poor’s, Moody’s and Fitch assign ratings based on quantitative metrics and 
qualitative judgements. These ratings anchor regulatory capital requirements and investment 
mandates but are coarse and updated infrequently (Cantor & Packer, 1996; Basel Committee 
on Banking Supervision, 2006). Transition matrices, reporting migration (including default) 
over fixed horizons, permit computation of cumulative default probabilities by iteration; 
however, they reflect historical averages and may mask heterogeneity across issuers and 
cycles (Cantor & Packer, 1996). Consequently, ratings and transition matrices serve as useful 
baselines rather than market-consistent measures of term structures.

2.2.2	 CREDIT-DEFAULT SWAP SPREADS
CDS spreads provide a market-based gauge of sovereign risk: the spread is the annual 
premium paid to insure against default. Under assumptions about recovery, spreads can be 
mapped to hazard rates and used to infer risk-neutral default probabilities (Pan & Singleton, 
2008; Augustin et al., 2014). For South Africa, rand-denominated CDS quotes are scarce; 
analysts therefore often proxy with USD-denominated tenors, introducing currency and basis 
risk and capturing international, rather than purely domestic, pricing (Du & Schreger, 2016).

Deriving hazard rates from CDS spreads. In a stylised setting with continuous premiums 
and flat curves, equating the premium and protection legs yields the approximation

	 (1 ) ,s R λ≈ − 	 (7)

where s is the CDS spread and R the recovery rate. More realistic set-ups account for discrete 
payment dates, premium accrual on default and term structures of r and ( )tλ , but the basic 
message holds: higher spreads correspond to higher hazard rates for a given recovery. For 
example, a five-year spread of 200 basis points (bps) with R = 40 % implies a flat λ of roughly 
3.3% p.a.; cumulative default probabilities then follow from Equation (4). In practice, one 
bootstraps a time-varying ( )tλ  from the CDS curve, analogous to the bond bootstrapping 
described below.

2.2.3	 MACROECONOMIC INDICATOR MODELS
A complementary approach relates sovereign bond spreads to macroeconomic fundamentals 
via econometric models. Probit or logit regressions estimate default probabilities as functions 
of variables such as Gross Domestic Product (GDP) growth, fiscal balance, debt-to-GDP 
ratios, inflation and political-risk indices (Hilscher & Nosbusch, 2010). These models can 
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identify drivers of risk and potential early-warning indicators, but typically return a single-
horizon probability rather than a full-term structure.

Probit/logit default-probability models. Empirical studies often estimate sovereign default 
probabilities using probit or logit models. Let Y be a binary variable equal to 1 if a default 
occurs within a given horizon (say five years) and 0 otherwise, and let X denote a vector of 
macroeconomic covariates (e.g., real GDP growth, fiscal deficit, external debt-to-GDP ratio 
and a political-stability index). A logit model specifies

	 1Pr( = 1| ) = ,
1 e

X
Y X

β−+
	 (8)

where β is a coefficient vector estimated by maximum likelihood; a probit model replaces the 
logistic CDF with the standard normal CDF. These models quantify how changes in macro 
variables affect the probability of default and help identify leading indicators.

Limitations for valuation. First, Equation (8) produces a probability for a fixed horizon and 
does not deliver a term structure of survival probabilities. Second, accuracy depends on the 
availability and reliability of macro data, which can be weak or revised ex post in emerging 
markets. Third, the relationship between macro fundamentals and spreads can vary over time 
with investors’ risk appetite and global liquidity conditions. Consequently, we treat macro-
indicator models as useful for stress testing and scenario analysis, but for market-consistent 
valuation of long-dated liabilities we focus on bootstrapping hazard rates from bond prices, 
which implicitly incorporate market expectations of future default.

2.3	 Bootstrapping default probabilities from bond prices
Bootstrapping is a reduced-form procedure that infers a term structure of hazard rates by 
matching observed prices of defaultable bonds. Each bond’s price is written as the discounted 
expected value of promised cash flows conditional on survival plus a recovery payment at 
default. Assuming a constant recovery rate and a piecewise-constant hazard rate on succes
sive maturity buckets, one solves sequentially for λ1, λ2, . . . , λn so that model prices equal 
market prices (Duffie & Singleton, 1999; Lando, 2004; O’Kane, 2008). Once the hazard-rate 
curve is obtained, the survival function and cumulative default distribution are known at each 
maturity.

Bootstrapping algorithm and piecewise calibration. Consider n risky bonds with maturities 
1 2< < < nT T T  and prices 1, , nP P . Assume a recovery rate recR  and a risk-free discount 

curve (0, )Z t . Let ( )tλ  be constant on each interval 1( , ]i iT T−  with 0 = 0T . The calibration 
proceeds iteratively:

1.	� Compute risk-free present values. For each bond i, compute the present value of 
promised cash flows as if there were no default, rfPVi .
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2.	� Set up the pricing equation. Under the fractional‑recovery‑of‑par (FRP) convention,

	 model
, , , rec 0

=1
default term

survival term

= (0, ) ( ) (0, ) ( ) ( )d ,
mi Ti

i i j i j i j
j

P c Z t S t R Z t t S t tλ+∑ ∫




	 (9)

	� where ,i jc  are contractual cash flows at times ,i jt , (0, )Z ⋅  are risk‑free discount factors 
and ( )S ⋅  is the survival function implied by 1, , iλ λ . (When rec = 0R , the equation 
reduces to the survival‑leg only.)

3.	� Solve for λ1. For the shortest-maturity bond, only λ1 appears; set model
1 1=P P  and solve 

for λ1.
4.	� Iterate for longer maturities. For > 1i , hold 1 1, , iλ λ −  fixed and solve model =i iP P  for 

λ1. Closed-form solutions exist for bullets; otherwise use numerical root-finding (e.g., 
Newton–Raphson).

5.	� Construct the survival curve. With piecewise‑constant ( ) = ktλ λ  on 1( , ]k kT T−  and 
0 = 0T ,

	 [ ] [ ]
1

1 1 1
=1

( ) = Pr( > ) = exp ( ) exp ( ) , ( , ],
k

k k k kS t t T T t T t T Tτ λ λ
−

− − −− − − − ∈∏   



	 (10)

	 and the cumulative default distribution is 1 ( )S t− .

This algorithm produces an arbitrage-free hazard-rate curve that matches observed clean 
bond prices under a stated recovery assumption. It extends naturally to amortising bonds by 
using the scheduled payment dates ti, j and remaining notionals in the pricing equation, and 
it adapts to CDS by recognising that a CDS contract comprises a premium leg (analogous to 
coupons) and a protection leg (analogous to the recovery term) (Duffie & Singleton, 1999; 
Lando, 2004; O’Kane, 2008).

Bootstrapping offers two practical advantages. First, it uses only observable bond prices 
and a reference discount curve, delivering a market-consistent term structure of risk-neutral 
default probabilities. Second, it requires relatively few modelling choices beyond the 
recovery assumption and the bucketing of the hazard rate. The limitations mirror those of 
reduced-form models: all yield differences between risky and risk-free bonds are attributed 
to default risk; if prices embed liquidity premia, tax effects or other risk premia, the inferred 
hazard rates will be biased. In addition, the procedure typically assumes a constant recovery 
rate across maturities and ignores potential dependence between default and interest rates 
unless modelled explicitly. These caveats motivate interpreting the output as an implied 
default curve rather than a forecast of sovereign default. Potential extensions, including 
incorporating bid–ask quotes to bound a liquidity premium, are discussed in Section 4 (Beber 
et al., 2009; Chen et al., 2007).

It is convenient to express the implied credit-spread term structure, from time periods 0 
to t, as

	 ( )( )( )rec
1( ) = ln 1 1 1 ( ) ,s t R S t
t

− − − − 	 (11)
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where Rrec is the recovery rate and S(t) the survival function implied by the bootstrap. 
Equation (11) equates expected loss in a risky bond to the excess yield relative to a risk-free 
bond at horizon t. Because the procedure attributes any bond–swap yield gap to default, 
residual liquidity or tax effects will influence the inferred curve.

The method is widely applied to corporate bonds and developed-market sovereigns, but 
published applications to African issuers remain limited. In South Africa, actuarial practice 
often treats the government bond curve as risk-free or proxies sovereign default using USD 
CDS; applying a bond-default bootstrap to rand-denominated government bonds therefore 
fills a gap in the local literature (Pan & Singleton, 2008; Du & Schreger, 2016).

3.	 METHODOLOGY AND DATA
This section describes the data, assumptions and calibration procedure used to infer a South 
African sovereign credit-risk term structure from government bond prices. Building on 
Section 2.3, the market data preparation, cash-flow modelling and hazard-rate bootstrapping 
steps are set out, followed by key modelling choices and limitations.

3.1	 Data sources and assumptions
Our empirical application focuses on ten fixed-rate South African government bonds: R186, 
R2030, R213, R2032, R2035, R209, R2037, R2040, R2044 and R2048. The selection 
mirrors the maturity coverage and liquidity characteristics of the JSE government-bond 
index constituents (short, belly and long segments), spanning roughly four to 25 years and 
providing sufficient depth on the JSE.2

For each bond, as at 30 April 2025, the coupon rate, clean mid-price, all-in (dirty) mid 
price, modified duration, maturity date, last trade date and last mark-to-market change date 
are sourced from the JSE daily pricing service; issuer reference data (issue date, issue price 
and issue type) are sourced from the monthly JSE reference file.

Two zero-coupon curves are employed. The JSE bond curve is the zero curve implied by 
government-bond yields and therefore embeds sovereign credit and liquidity premia. Note, 
using mid quotes reduces quoted-spread noise, but mid prices may still embed liquidity premia. 
In the absence of bid–ask data we cannot construct a per-tenor liquidity band; the calibrated 
intensities therefore reflect credit risk together with any residual liquidity effects. Should bid–
ask data become available, our procedure can be repeated on both sides to obtain an envelope 
for the liquidity wedge. The JSE swap curve is constructed from ZAR interest-rate swaps and 
is used as the proxy for the risk-free discount curve, consistent with local practice and discount-
rate guidance that excludes credit risk from liability measurement (International Accounting 
Standards Board, 2018). Both curves are represented as zero rates on an Actual/365 (Fixed) 
basis and are interpolated using a monotone cubic spline. The valuation date is 30 April 2025. 
As noted in Section 1, an OIS curve referencing ZARONIA may be a more suitable proxy for 
the risk-free discount rate. The use of the ZARONIA-based curve will likely increase the credit 

2.	 Bond choices were informed by the maturity buckets and constituents of the JSE government-bond 
index.
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spread, but due to the low liquidity levels this has not been tested. The impact of the change on 
the credit spread will be assessed when the ZARONIA swaps are liquid.

Contract terms imply semi-annual coupons and payments. Where a bond amortises 
(e.g. split-maturity schedules), each redemption date and amount is included in the cash-
flow schedule and the outstanding nominal is reduced accordingly. Coupons apply to the 
outstanding nominal at each payment date.

Recovery treatment. Two recovery conventions are distinguished in this study. For the first 
calibration of the survival curve, recovery at default is set to zero rec( = 0)R . This choice 
avoids imposing an ex ante loss-given-default (LGD) and places all loss weight on survival 
probabilities. The rec( = 0)R  choice used to illustrate the methodology solves the difference 
between the bond curve and the risk-free curve when LGD is 100%. A 100% LGD is 
not generally acceptable for sovereign debt in the market, with a 60% LGD assumption 
consistent with evidence for lower-rated sovereign restructuring (Fitch Ratings, 2024b). 
For the second calibration of the survival curve, an LGD of 60% (recovery rec = 40%R ) is 
applied and results of the calibration exercise are focused on this scenario. Section 4 reports 
sensitivity to alternative LGDs. Independence between the hazard-rate process and interest 
rates is assumed for tractability (Duffie & Singleton, 1999; Lando, 2004).

Limitations. The following caveats pertain to the data and calibration procedure. First, 
translating the calibrated survival curve into credit spreads is conditional on the assumed 
LGD and recovery convention. Alternative LGDs will shift spread levels and may alter the 
inferred shape, introducing model risk (Section 4 reports sensitivities). Second, calibration 
uses quoted mid prices as a proxy for frictionless valuations. Third, observability of prices 
is imperfect. Several issues trade infrequently and daily marks may be stale or indicative, 
which can propagate noise into the bootstrap. Finally, the recursive bootstrap is sensitive 
to the composition of the bond set and the placement of hazard-rate buckets. Inclusion or 
exclusion of an issue, especially near a tenor boundary, can affect local identification and 
the smoothness of the estimated curve. These considerations should be borne in mind when 
interpreting the calibrated term structure.

3.2	 Cash-flow modelling and present-value calculation
For each bond i, a cash-flow schedule is constructed with payment dates ,1 ,, ,i i mi

t t . Let c 
denote the coupon rate, tN  the outstanding nominal at time t, and f the payment frequency 
(two per year). The contractual cash flow at ,i jt  is

	 ,
,

,

/ , coupon payment,
CF =

, principal redemption (maturityor amortisation).

ti j
i j

ti j

cN f

N





	 (12)

Dirty price is selected, which includes accrued interest earned since the last coupon payment. 
Let bond (0, )Z t  denote discount factors from the bond curve. The curve‑implied dirty price 
used as target in calibration is
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	 bond bond
, ,

=1
PV = CF (0, ).

mi

i i j i j
j

Z t∑ 	 (13)

Matching bondPVi  (rather than individual quotes) reduces microstructure noise and enforces 
cross-maturity consistency; the approach remains subject to the quality of the underlying 
curve fit.

3.3	� Hazard-rate bootstrapping: alignment with the literature and implementation 
choices

The hazard-rate bootstrap employed here follows the reduced-form, fractional-recovery-
of-par framework and piecewise-constant intensity calibration set out in Section 2.3. Con
sequently, the algorithmic steps coincide with the literature (sequential inversion on maturity 
buckets to match model and target prices). The implementation differs in several respects that 
are specific to the South African government-bond sample:

	—Target of fit. Calibration matches the curve-implied dirty prices bondPVi  in Equation (13), 
rather than individual quotes. Using curve-implied targets reduces microstructure noise 
and enforces cross-maturity consistency; results are otherwise equivalent up to fitting error.
	— Discounting and reconciliation. Model prices are computed under the risk-free swap 
curve swap (0, )Z t  while targets are computed under the bond curve bond (0, )Z t . The inversion 
therefore attributes the bond-swap price differential to default via the survival function 

( )S ⋅  (and, where applicable, recovery). This is operationally equivalent to “reconciling” 
the two curves through the intensity term structure.
	— Recovery in calibration vs reporting. The base inversion uses Rrec = 40% (LGD = 60%). 
We also run a Rrec = 0 (LGD = 100%) variant as a diagnostic anchor against the difference 
in the South African government bond curve and the risk-free rate proxy (see Section 4.3). 
Reported spread curves use the same Rrec as the corresponding calibration.
	— Bucket endpoints. Bucket boundaries are aligned to the ordered set of final cash-flow dates 

1( < < )nT T  of the selected bonds, with Ti defined as the last payment date (including any 
split-maturity redemptions). This accommodates amortising structures within the standard 
piecewise-constant specification in Equation (10).
	—Cash-flow conventions. Semi-annual coupons on an Actual/365 (Fixed) basis are used, 
with coupons paid on outstanding nominal and amortisations reflected explicitly via 
Equation (12). These conventions ensure that Equation (9) prices the dated cash-flow 
schedule actually observed.
	— Diagnostics and constraints. Three diagnostics are applied after calibration. First, price 
reproduction errors model bondPVi iP −  are assessed to confirm matching within rounding 
tolerance. Second, monotonicity of ( )S t  (non‑increasing, (0) = 1S , ( ) [0,1]S t ∈ ) and 
non-negativity of { }kλ  are verified. Third, the resulting spread curve ( )s t  is inspected 
for smoothness relative to the bucket structure; if necessary, smaller buckets or light 
smoothing may be applied, subject to preserving price fit.
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Algorithmic summary
1.	 Target prices. Compute bond bond

, ,PV = CF (0, )i i j i jj Z t∑  from Equation (13).
2.	� Buckets. Set bucket endpoints 1, , nT T  to the final cash‑flow dates (including amorti

sations); assume ( ) = ktλ λ  on 1( , ]k kT T− .
3.	 �Initial step. Solve 1 1( ) = 0F λ  for the shortest maturity using Equation (9) with the 

calibration recovery convention (base case Rrec = 0).
4.	 Inductive step. For = 2, ,i n , hold 1 1, , iλ λ −  fixed and solve ( ) = 0i iF λ  for λi.
5.	� Outputs. Construct ( )S t  via Equation (10); report the implied credit‑spread curve 

using Equation (11) (with the stated Rrec for reporting).

3.4	 Discussion of modelling choices and limitations
Risk-free discount curve. The ZAR swap curve is used as the risk-free reference, consistent 
with local pricing practice and discount-rate guidance that excludes credit risk (International 
Accounting Standards Board, 2018). Using the bond curve as risk-free would embed 
sovereign credit premia in discounting and collapse the estimated intensities towards zero.

Recovery and LGD. Calibrating with Rrec = 0 removes dependence on an assumed LGD 
in the inversion step. When converting survival to all-in spreads via Equation (11), an 
illustrative Rrec = 40% is applied; Section 4 varies this parameter to show sensitivity (Fitch 
Ratings, 2024b).

Piecewise-constant hazard rates. Bucketed, or piecewise-constant, hazard rates simplify 
model calibration and align bucket boundaries to observed maturities, but introduce jump 
discontinuities at bucket boundaries. Finer buckets or smooth parametric hazards (e.g. 
exponential/Weibull) reduce discontinuities at the cost of additional parameters or increased 
complexity (Lando, 2004; O’Kane, 2008).

Independence of default and interest rates. Independence between intensity and interest 
rates is a standard first-pass assumption (Duffie & Singleton, 1999), although spreads often 
widen when rates rise or macroeconomic conditions deteriorate. Allowing for correlated 
dynamics adds realism but requires additional instruments for identification.

Data quality. Emerging-market quotes can be sparse; wide bid–ask spreads and stale mid 
prices bias the inferred curve. The base calibration uses curve-implied targets bondPVi  to 
reduce microstructure noise; Section 4 outlines how bid–ask quotes, when available, could 
be used to bound a liquidity premium and to form bid–ask hazard-rate envelopes through an 
illustrative example using hypothetical bid–ask spreads on the bonds. Despite these caveats, 
the procedure provides a transparent, arbitrage-free way to infer a term structure of sovereign 
default probabilities from rand-denominated bond prices. Comparison with rating-based and 
CDS-implied measures helps assess whether market prices imply higher or lower risk than 
historical averages or international benchmarks (Pan & Singleton, 2008).
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4.	 RESULTS
This section reports the outputs from the calibration described in Section 3. The inputs into 
the calibration are presented, followed by an assessment of the calibration using a 60% LGD 
assumption. Sensitivity around the LGD assumption is then explored. Finally, an illustration 
of the methodology applied to bid–ask spreads is conducted for two scenarios. Note that all 
rates are continuously-compounded nominal annual rates (NACC).

4.1	 Inputs into the calibration
Table 1 summarises the ten South African government bonds used in the calibration. The set 
spans maturities from late-2026 to early-2048 and covers the short, belly and long segments 
of the JSE government-bond complex.

Note that some of the bonds included in the calculation have an amortisation payment 
structure with the cash flows and dates allowed for in the bootstrap.

TABLE 1. Bond sample: coupon rates, all-in prices and maturities 
(valuation date: 30 April 2025).

Bond code Coupon rate All-in price Maturity date

R186* 10.50% 107.66 2026/12/21

R2030 8.00% 99.03 2030/01/31

R213 7.00% 91.16 2031/02/28

R2032 8.25% 93.67 2032/03/31

R2035 8.88% 91.36 2035/02/28

R209 6.25% 71.43 2036/03/31

R2037 8.50% 85.14 2037/01/31

R2040 9.00% 84.29 2040/01/31

R2044* 8.75% 79.74 2044/01/31

R2048* 8.75% 77.92 2048/02/28

* Denotes bonds with an amortisation payment structure

The ZAR swap (simplified to Swap) curve is used as the risk-free reference. Shortcomings 
of the choice of the Swap as a risk-free reference in relation to ZARONIA were explored 
in Section 3. The term structure of the Swap curve and rand-denominated South African 
government bond (GOVI) curve are illustrated in Figure 1. ∆ is defined as the difference 
between the GOVI curve and the Swap curve.

4.2	 Calibration diagnostics and summary
Consistent with Section 3, the base bootstrap is calibrated with Rrec = 40% (LGD = 60%). The 
procedure yields a non‑increasing survival curve ( )S t  with non‑negative, bucket-wise constant 
intensities { }kλ . Pricing errors (model minus target dirty prices) are negligible at displayed 
precision for all bonds (see Table 2). Bucket boundaries align with final cash-flow dates.
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Table 2 reports the calibrated survival probabilities at bond endpoints, together with the 
associated zero/effective hazard-rate summaries and the all-in credit spread (NACC) 
calculated from the survival curve.

TABLE 2. Calibrated survival and hazard-rate summaries at bond endpoints

Maturity Years Survival Zero hazard 
rate

Piecewise 
hazard rate

Credit spread
(NACC) Error

2025/04/30 – 1.000 0.0% 0.0% 0.00% 0.00%

2027/12/21 2.64 0.965 1.4% 1.4% 0.81% 0.00%

2030/01/31 4.76 0.903 2.1% 3.1% 1.26% 0.00%

2031/02/28 5.84 0.858 2.6% 4.8% 1.53% 0.00%

2032/03/31 6.92 0.820 2.9% 4.1% 1.65% 0.00%

2035/02/28 9.84 0.705 3.6% 5.2% 1.98% 0.00%

2036/03/31 10.93 0.639 4.1% 9.0% 2.23% 0.00%

2037/01/31 11.76 0.583 4.6% 11.1% 2.45% 0.00%

2040/01/31 14.76 0.415 6.0% 11.3% 2.93% 0.00%

2045/01/31 19.77 0.201 8.1% 14.4% 3.30% 0.00%

2049/02/28 23.85 0.080 10.6% 22.5% 3.36% 0.00%

4.2.1	 INFERRED SURVIVAL AND HAZARD-RATE TERM STRUCTURE
Figure 2 plots the calibrated piecewise hazard rate and the corresponding all-in credit spread 
across time. Hazard rates are low over the short end and step up at later bucket endpoints, 

FIGURE 1. Zero-yield curves (NACC) for GOVI and Swap
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consistent with the tenor mix of the bond set. While discontinuities in the hazard rates are 
observed, represented by the steps up and down in the plot, the implied credit spread output 
is smooth. Subsequently, methods to reduce discontinuities in the hazard rates were not 
explored. The implied credit spread ranges from 1% to 3% which is in line with what is 
generally observed in the market for local unsecured debt.

The survival function in Figure 3 declines smoothly from unity at the valuation date to 
roughly 8% by the longest observed horizon (February 2048), reflecting cumulative default 
risk under the calibrated intensities.

FIGURE 2. Piecewise-constant hazard rate and implied all-in credit spread

FIGURE 3. Calibrated survival curve S(t)
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4.2.2	 COMPARISON OF CALIBRATED CREDIT SPREAD AT 60% LGD AND DELTA
Figure 4 includes the SOAF, South African government eurobonds, curve which is based on 
components in foreign currency (USD), while the calibrated credit spread and ∆ curves are 
based on components in local currency (ZAR). There is a currency devaluation risk premium 
present in the SOAF curve resulting in the curve having a higher spread compared to the local 
currency curves. A noticeable uptick in spreads are observed after the start of the Covid-19 
pandemic with a sharp lift in all the plotted curves in March 2020.

The ∆ is a reasonable approximation for a credit spread with a 100% LGD and may be 
considered a good proxy of credit spread for unsecured local debt in the short term. Across 
the five-year horizon, the calibrated credit spread and ∆ curve track closely with differences 
in the curves driven by the 60% LGD assumption for the credit spread curve compared to the 
implicit 100% LGD assumption in the ∆ curve.

4.3	 Assessing the recovery assumptions
4.3.1	 IMPLIED CREDIT SPREADS WITH 100% LGD
Under Rrec = 0 the fractional recovery of par price reduces to the survival leg. Intuitively, the 
implied spread term structure should align closely with the GOVI curve and Swap curve 
differential, ∆, up to timing and interpolation effects. Figure 5 confirms this alignment beyond 
2029. The flatter section before 2029 reflects that the first non-zero hazard bucket begins after 
our initial observation window.

4.3.2	 SENSITIVITY TO RECOVERY ASSUMPTIONS
Figure 6 illustrates the impact of alternative LGD settings on the implied credit spread. For 
the first 10 years, there is little deviation in the spread. Subsequent to the 10 years, the effects 
of the LGD assumptions can be observed as the spread widens.

FIGURE 4. Comparison of ∆ to calibrated credit spread over a five-year period
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4.4	 Illustrating the liquidity methodology with hypothetical quotes
In the absence of observable bid–ask quotes, we construct two hypothetical scenarios to 
illustrate how quoting affects the inferred term structure. In each scenario we hold the 
risk-free (Swap) curve, cash-flow conventions and recovery at default fixed at Rrec = 40% 
(LGD = 60%) and run the bootstrapping procedure on the dirty bid, mid and ask prices. The 
output of the exercise is a bid, mid and ask envelope for intensities and spreads. Practically, the 
liquidity premium can be derived from the bid-to-mid, mid-to-ask or half the bid-to-ask spread.

FIGURE 5. Comparison of calibrated credit spread (all-in, assuming 100% LGD) and ∆

FIGURE 6. Reported all-in credit spreads under alternative LGD assumptions (illustrative)



SAAJ 25 (2025) | PROCEEDINGS OF THE ASSA CONVENTION 2025 | © ASSA licensed under  4.0

C220 | QUANTIFYING SOUTH AFRICAN SOVEREIGN CREDIT RISK

Data and set-up. Scenario 1 assumes a modest bid–ask around the observed mid prices; For 
Scenario 2, the bid–ask width is doubled. The per-bond dirty prices (ZAR per 100 notional) 
are listed in Tables 3 and 4. The mid prices in both scenarios are equivalent to the curve-
implied dirty price.

TABLE 3. Scenario 1, hypothetical dirty prices (ZAR per 100)

Bond Ask Mid (curve) Bid Scenario mid
R186 107.44 107.37 107.29 107.37
R2030 99.23 98.95 98.66 98.95
R213 91.50 91.09 90.69 91.10
R2032 94.08 93.61 93.15 93.61
R2035 91.96 91.32 90.68 91.32
R209 71.98 71.39 70.81 71.40
R2037 85.76 85.11 84.48 85.12
R2040 84.98 84.24 83.51 84.25
R2044 80.53 79.73 78.95 79.74
R2048 78.73 77.92 77.13 77.93

TABLE 4. Scenario 2, hypothetical dirty prices (ZAR per 100), with doubled bid–ask width
Bond Ask Mid (curve) Bid Scenario mid
R186 107.51 107.37 107.22 107.37
R2030 99.52 98.95 98.38 98.95
R213 91.91 91.09 90.28 91.10
R2032 94.54 93.61 92.69 93.62
R2035 92.60 91.32 90.06 91.33
R209 72.57 71.39 70.24 71.41
R2037 86.41 85.11 83.85 85.13
R2040 85.74 84.24 82.79 84.26
R2044 81.35 79.73 78.18 79.76
R2048 79.55 77.92 76.36 77.96

Term-structure context. Figures 7 and 8 show the implied zero curves from calibrating to 
the bid, mid and ask prices under Scenario 1 and Scenario 2, respectively.3
Calibrated credit spreads. Figures 9 and 10 plot the calibrated all-in credit spreads (LGD = 
60%) inferred from each side of the market in Scenario 1 and Scenario 2.

Findings. Three patterns emerge post calibration of the bid and ask credit spreads.
1.	� Price wedge increases with maturity In Scenario 1 the average bid–ask dirty-price 

spread across bonds is about ZAR 1.08 per 100 nominal. Scenario 2 approximately 
doubles this to ZAR 2.16, with the longest bonds showing the largest absolute wedge.4

3.	 All rates are NACC. ∆ remains defined as GOVI minus Swap (zero rates).
4.	� Longer duration implies a given yield/spread change produces a larger price change. Hence, equal 

price spreads need not translate into equal spread wedges across maturities.
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2.	� Spread envelopes behave as expected. Calibrating to ask (higher prices) produces 
the lower credit-spread curve; calibrating to bid (lower prices) produces the higher 
credit-spread curve. The mid curve lies between the two across all maturities. 
The width of the envelope tends to widen with tenor because of duration and the 
compounding of survival differences.

3.	� Doubling the price spread roughly doubles the spread band. Comparing Figures 
9 and 10, the bid–ask spread band widens by a factor close to two at most maturities. 
Deviations from exact proportionality reflect the nonlinearity introduced by dis
counting and timing of recovery under the fractional recovery of par setup.

FIGURE 7. Scenario 1, implied zero curves calibrated to bid, mid and ask dirty prices

FIGURE 8. Scenario 2 (doubled bid–ask spread), implied zero curves calibrated to 
bid, mid and ask dirty prices
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Interpretation. The bid–ask spread envelope is an operational bound on the combined 
impact of quoting and liquidity on the inferred credit term structure. It is not a pure measure 
of liquidity (it can also reflect stale marks and model misspecification), but a wide envelope 
warns that liquidity materially affects the inference. In our empirical application, only mid 
quotes are available. These scenarios therefore serve to illustrate how observable bid–ask 
data, if available, would translate into a tenor-wise band for the calibrated spreads.

FIGURE 9. Scenario 1, calibrated credit-spread term structures from 
bid, mid and ask calibrations

FIGURE 10. Scenario 2 (doubled bid–ask), calibrated credit-spread term structures from 
bid, mid and ask calibrations
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5.	 CONCLUSION
This study implements a transparent, arbitrage-free calibration to infer a sovereign survival 
probability term structure directly from rand-denominated South African government bond 
prices. Defaultable cash flows are valued under the risk-free ZAR swap curve using the 
fractional recovery of par convention, with the hazard rate specified as piecewise-constant 
across maturity buckets. In the base calibration, recovery at default is set to Rrec = 40% 
(LGD = 60%) inside the inversion, and we also report a diagnostic variant with Rrec = 0 
(LGD = 100%) that aligns closely with the GOVI–Swap differential (∆), as expected. All 
rates are NACC.

On the 30 April 2025 sample of ten SAGBs spanning roughly four to 25 years, the 
fitted survival probability declines in a monotonic trend. Expressed as all-in credit spreads 
under Rrec = 40%, the curve rises from just under 1% at short maturities to a little above 
3% beyond twenty years. A simple liquidity illustration using hypothetical bid–ask prices 
shows the expected ordering (ask quotes result in lower implied spreads; bid quotes result in 
higher implied spreads) and that doubling the price wedge roughly doubles the spread band, 
especially at longer maturities where duration amplifies the effect.

From an actuarial perspective, three messages follow:
First, when government bonds are used for discount-rate construction or as reference assets, 

the persistent GOVI–Swap spread motivates an explicit separation of risk-free discounting 
from sovereign credit, in line with IFRS 17 and SAM principles. 

Second, the fitted survival curve S(t) provides a market-consistent input for stress testing, 
scenario analysis and asset–liability management. For example, mapping the fitted S(t) into 
cumulative default probabilities or forward hazards allows actuaries to examine long-dated 
liability sensitivity to changes in sovereign credit conditions (including LGD assumptions) 
in a way that is internally consistent with local bond prices. 

Third, the implementation is operationally simple and auditable: exact price reproduction, 
a non-increasing S(t), non-negative bucket intensities and visually smooth reported spread 
curves.

Several limitations temper interpretation. With only mid quotes available, the calibrated 
intensities inherit any liquidity or tax premia embedded in cash-bond prices. The piecewise-
constant specification can introduce bucket-edge kinks and independence between interest 
rates and default is a simplifying assumption. Accordingly, outputs should be read as implied, 
risk-neutral default curves rather than forecasts of real-world default. Looking ahead, three 
extensions are natural. First, once actual bid–ask quotes are available, the calibration can be 
performed on both sides of the market to produce bid–ask survival and spread envelopes and 
to place operational bounds on any liquidity wedge. Second, the risk-free benchmark can be 
re-estimated under an OIS curve referencing ZARONIA when sufficiently liquid, allowing 
a direct assessment of the sensitivity of { }kλ , S(t) and reported spreads to the choice of 
risk-free curve. Third, the bucket-wise-constant hazard specification can be benchmarked 
against smoothed alternatives (e.g., monotone splines or parsimonious parametric hazards) 
under exact price fit to evaluate whether smoothing reduces bucket-edge artefacts without 
introducing instability or overfitting. Overall, the evidence indicates that a survival-based, 
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no-arbitrage inversion of domestic sovereign bonds provides an internally consistent and 
transparent measure of market-implied South African sovereign credit risk. For applications 
in financial reporting, solvency assessment and asset–liability management, the approach 
offers a replicable template that is aligned with market practice on risk-free discounting and 
capable of incorporation into existing actuarial workflows.
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