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Prologue



Prologue; how markets supposedly interact with central banks

The past….? Now….?

THE 
ECONOMY

THE 
ECONOMY



Time value of money
Here  𝑃𝑃𝑃𝑃 is the present value (amount invested); 𝐹𝐹𝐹𝐹 is future value (the amount received from the investment); 𝑟𝑟 is the 
annual interest rate and 𝑓𝑓 is the frequency per year that the annual interest rate accrues.

Maths for Finance

Time value of money Stats and probability etc..

Compounding (from now to the future)

• Money market: 𝐹𝐹𝐹𝐹 = 𝑃𝑃𝑃𝑃 1 + 𝑟𝑟 𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴
𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵

• Bonds / notes or > 1y: 𝐹𝐹𝐹𝐹 = 𝑃𝑃𝑃𝑃 1 + 𝑟𝑟 𝑛𝑛, 𝐹𝐹𝐹𝐹 = 𝑃𝑃𝑃𝑃 1 + 𝑟𝑟
𝑓𝑓

𝑛𝑛×𝑓𝑓

Discounting (from the future to now)

• Money market: 𝑃𝑃𝑃𝑃 = 𝐹𝐹𝐹𝐹 × 1

1+𝑟𝑟𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵

• Bonds / notes or > 1y: 𝑃𝑃𝑃𝑃 = 𝐹𝐹𝐹𝐹 × 1
1+𝑟𝑟 𝑛𝑛  , 𝑃𝑃𝑃𝑃 = 𝐹𝐹𝐹𝐹 × 1

1+𝑟𝑟𝑓𝑓
𝑛𝑛×𝑓𝑓

• 1
1+𝑟𝑟 𝑛𝑛, or 1

1+𝑟𝑟𝑓𝑓
𝑛𝑛×𝑓𝑓 is the discount factor for a period



Time value of money
Use Excel to calculate:

The future value of USD 1,000,000 deposited for 

• 6 months (182 days) at 5.00% p.a.

• 3 years at 5.00% p.a. paid annually.

The present value :

• of USD 1,025,277.78 to be paid in 6 months (182 days) using a required return, or discount rate, of 5.00% p.a.

• USD 1,157,625.00 to be paid in 3 years at 5.00% p.a. paid annually.

• Determine the discount factors for the two scenarios above.

• Discount factors / compound factors are unencumbered by day count conventions



"All economic models are 
wrong, but some are 
useful," Huw Pill, chief 
economist Bank of 
England

The macro 
economic outlook



Economic management and expectations
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Central banks are trying to keep the economy growing at a stable pace without triggering inflation or unemployment:

If the economy is, or appears to be, heading for a recession the central bank will:
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Economic management and expectations
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Central banks are trying to keep the economy growing at a stable pace without triggering inflation or unemployment:

If the economy is, or appears to be, in danger of igniting inflation the central bank will:
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Economic management and expectations
The fixed income (rates) market’s interpretation of the current situation together with its expectations for the future 
are enormously important for fixed income investors.

January 2025 February 2025 March 2025 “Now” 28/3

FOMC MEETING 
19th – 20th March

What will the FOMC do?

Will it be the 
appropriate thing to 

do….
…or the 

inappropriate thing?



A case study in monetary 
policy development and 
implementation

Monetary policy 
transmission



Central banks, banks and the policy rate

CENTRAL BANK

BANK A

BANK A’s 
reserve a/c

BANK B

BANK B’s 
reserve a/c BANK C

BANK C’s 
reserve a/c

Customer of 
Bank A

Customer of 
Bank C

RESERVES

Overnight 
rate %

Another customer 
of Bank A

PAYS
Customer of 

Bank B

RESERVES

PAYS

Overnight 
rate %

Overnight 
rate %

Overnight 
rate % is the policy rate



Central banks, banks and the interbank market

CENTRAL BANK

BANK A

BANK A’s 
reserve a/c

BANK B

BANK B’s 
reserve a/c BANK C

BANK C’s 
reserve a/c

RESERVES

Overnight 
rate %

RESERVES

Overnight 
rate %

Overnight 
rate %

Lends reserves overnight at interbank 
overnight rate (a free market rate)

Lends reserves overnight 
at interbank overnight 
rate (a free market rate)

The interbank overnight rate is influenced by the policy rate
Wider (commercial) lending by the bank is also influenced by the policy rate



Central banks, banks and overnight index rates

CENTRAL BANK

• Monitors all overnight interbank transactions
• Calculates the weighted average rate
• This weighted average is published 8:00am the following day as 

the overnight index rate (OIR)

Overnight index rate (OIR) Calculating Agent Source Market Currency Secured or unsecured

Effective Fed Funds Rate (EFFR) Federal Reserve Fed Funds Market USD Unsecured

Secured Overnight Financing Rate (SOFR) Federal Reserve USD GC repo markets USD Secured

Euro Short Term Rate (ESTR) ECB Wholesale (inter-bank) market.  Euro area banks EUR Unsecured

Swiss Average Overnight Rate (SARON) SIX Swiss Exchange SIX Repo Ltd electronic trading platform CHF Secured

Tokyo Overnight Average Rate (TONA) Bank of Japan Japanese yen unsecured overnight money market JPY Unsecured

Sterling Overnight Index Average (SONIA) Bank of England Sterling overnight inter-bank money market GBP Unsecured



Central banks, banks and overnight index rates

Overnight index rate (OIR) Calculating Agent Source Market Currency Secured or unsecured

Effective Fed Funds Rate (EFFR) Federal Reserve Fed Funds Market USD Unsecured

Secured Overnight Financing Rate (SOFR) Federal Reserve USD GC repo markets USD Secured

Euro Short Term Rate (ESTR) ECB Wholesale (inter-bank) market.  Euro area banks EUR Unsecured

Swiss Average Overnight Rate (SARON) SIX Swiss Exchange SIX Repo Ltd electronic trading platform CHF Secured

Tokyo Overnight Average Rate (TONA) Bank of Japan Japanese yen unsecured overnight money market JPY Unsecured

Sterling Overnight Index Average (SONIA) Bank of England Sterling overnight inter-bank money market GBP Unsecured

• These rates are the principle focus of monetary policy.
• Central banks use tools (such as administered rates) to 

ensure these rates are kept at the appropriate level.
• They are also reference rates – i.e. the starting point for 

commercial lending by banks.
• They are considered risk-free reference rates: the 

overnight period carries virtually no credit risk.



The Fed, then, has several tools. administered rates, which it sets to control the availability and cost of money.

Central bank monetary policy tools

Fe
d 

Fu
nd

s 
Ta

rg
et

 
R

an
ge

 (F
D

TR
)

%

Time

IORB

FFR

ON RRP

4.50%

4.25%

ON Repo

4.40%

EFFR4.33%



Why is EFFR below IORB?
There is a spread between FDTR upper and EFFR of about 17bps (0.17% p.a.).

Domestic banks are not the only entities with reserve accounts at the Fed.  Foreign banking organizations (FBOs) and 
Federal Home Loan Banks also have reserve accounts:

CENTRAL BANK

BANK A

BANK A’s 
reserve a/c

BANK B

BANK B’s 
reserve a/c

BANK C

BANK C’s 
reserve a/c

% % %

FBO

FBO’s 
reserve a/c

%

FHLB

FHLB’s 
reserve a/c

FBOs do not have depositary 
insurance.  Deposits are hard to 

come by.  Borrow on Fed 
Funds market

FHLBs do not receive IORB.
Lend on the Fed Funds Market



Term structures

Interest rate 
expectations



Interest rate expectations
In groups, use the sources below (and any others you can think of) to forecast the FOMC’s decisions over the next two 
years.  Enter any expected / forecast interest rate changes on the spreadsheet [FOMC exp].

CME Fedwatch tool / app



Interest rate expectations
The FOMC’s summary of economic projections:

Search for ‘FOMC meeting Calanders and information’



Interpreting the 
interest rate 
market’s 
expectations



Term rates and expectations
Suppose we are a few weeks away from the next FOMC meeting.

EFFR is printing each day at 5.33% p.a., and you do not expect it to deviate away from this.

How would you go about quoting a rate to another bank / client a rate for 1 week?

You could calculate the cumulative compounding of all the overnight periods at your expected rate of 5.33%.

Using an investment of 1 (the red rates represent expectations):

This is a periodic return of 0.1037% which we annualize by multiplying by  
360
7

 to get 5.3320% p.a.

Tue Wed Thurs Fri Sat Sun Mon Tue
5.33% 

p.a.
5.33% 

p.a.
5.33% 

p.a.
5.33% 

p.a.
5.33% 

p.a.

1 ∗ 1 + 5.33% ∗
1

360 = 1.00014806

1.00014806 ∗ 1 + 5.33% ∗
1

360 = 1.00029613

1.00044423
1.00044423 ∗ 1 + 5.33% ∗

3
360 = 1.00059235

1.00103678



Term rates and expectations
The one-week rate is a composite of the expected overnight rates.

This is known as expectations theory: the idea that term rates reflect expectations of the rates for the shorter periods 
they contain.

The one-week rate in the previous example, would be quoted as  5.3320% p.a. if we expect each overnight rate to be 
5.3300% p.a.

In theory, if someone quoted a 1-week rate other than 5.3320% p.a. you might be tempted to:

• Borrow for 1 week and repeatedly deposit overnight at 5.3300% if the quote was lower; or

• Deposit for 1 week and repeatedly borrow in the overnight markets at 5.3300% p.a if it was higher.

Tue Wed Thurs Fri Sat Sun Mon Tue
5.33% 

p.a.
5.33% 

p.a.
5.33% 

p.a.
5.33% 

p.a.
5.33% 

p.a.

5.3320% p.a. is the same as ..



The reality of interest rate markets
In wholesale markets, such as the fed funds market, depositary institutions quote one another two-way prices.

Bank A asks Bank C for a Fed Funds quote.

The EFFR is currently printing each day at 5.33% p.a.

BANK A BANK C

Fed Funds 
prices please for 

50m

5.30 / 5.35
(i.e. we take 50m from you and pay 5.30% 
p.a. or we lend you 50m and charge 5.35% 

p.a.)



Zero [coupon] or spot interest rates
A zero-coupon rate is:

• an interest rate for a period expressed as a nominal annual rate 

• qualified with an accrual frequency.

• There are only two cash flows one in and one out

• For a 2-year rate at 4% paid annually and semi-annually:

100

1y

108.16

IN
OUT

This is an internal accrual of interest 
and not an explicit payment

104

100 × 1 + 4% 104 × 1 + 4%

1y

100
6m

100 × 1 +
4%

2

102
6m

102 × 1 +
4%

2

104.04
6m

104.04 × 1 +
4%

2

106.12
6m

106.12 × 1 +
4%

2

108.24

IN
OUT



3-month T-bill auction
US Treasury invites bids (yield % p.a.) for USD  bn nominal value for 13-week T-bills.

You have clients interested in buying USD 10bn: determine your required yield (using your IR expectations and to 4dp) 
and submit a bid.  Remember that you may be happy with a slightly lower bid as T-bills are very safe and highly sought 
after.



Fixed income markets– treasury bills
Major governments borrow short term (<12m) by issuing T-bills 
(Bubills in Germany).  Bills only pay face value at redemption.

• An auction is announced, for, say, 27bn face [par] value 1-
month (30 day) T-bills.

• 90%+ is applied for by broker dealers, or markets firms.  These 
are the primary dealers in government securities.  

• The markets firm submits a bid for a certain nominal value.  The 
bid is determined by the return or yield the markets firm feels is 
warranted.

• This required yield will consider interest rate expectations 
because the markets firm – a bank – will expect to finance itself 
from the wholesale markets.

• The amount the firm ought to bid is…

99.63 =
100

1 + 4.40% × 30
360

Day Expected CB rate 
% p.a. 

Periodic % p.a. rate 
incl. exp

Mon 4.50%
Tue 4.50% 4.50%
Wed 4.50% 4.50%
Thur 4.50% 4.50%
Fri 4.50% 4.50%
Mon 4.50% 4.50%
Tue 4.50% 4.50%
Wed 4.50% 4.50%
Thur 4.50% 4.50%
Fri 4.50% 4.50%
Mon 4.50% 4.50%
Tue 4.50% 4.50%
Wed 4.50% 4.50%
Thur 4.25% 4.50%
Fri 4.25% 4.49%
Mon 4.25% 4.46%
Tue 4.25% 4.45%
Wed 4.25% 4.44%
Thur 4.25% 4.43%
Fri 4.25% 4.43%
Mon 4.25% 4.41%
Tue 4.25% 4.40%
Wed 4.25% 4.40%

The amount 100 nominal  T-
bill pays out in 1-month’s time

The required annual return 
and the day-count fraction

The firm needs to buy the bills at this price [or less] 
per 100 nominal to achieve 4.40% p.a. [or more].

Issue date

CB monetary 
policy 

meeting.  
25bp cut 
expected

The 1-month rate 
equivalent for 

investing each day 
at the expected 

CB rate



Fixed income markets– Repos

You could T-bills / Bubliis to raise (borrow) some cheap money via secured borrowing known as a sale and 
repurchase agreement  - a repo.

In the US, the Fed monitors all overnight repos and publishes the overnight index rate SOFR (secured overnight 
financing rate).

EUR1,000,000 (subj to a haircut)
Bank X Bank Y

EUR 1,050,000 value Bubill (collateral)

Bank X Bank Y
EUR 1,000,090 ON repo rate is 

3.25% (act/360)

EUR 1,050,000 value Bubill – (collateral) 

Today

Tomorrow

Typically, lower than the regular, unsecured, overnight 
interbank rate



Overnight index 
swaps (OISs)



Overnight index swaps
An overnight index swap (OIS) is an agreement between two parties 
in which

• the payer pays a fixed interest rate (swap rate) on a notional 
amount for the period, or tenor, of the swap, and

• the receiver pays the floating, i.e., whatever the compounded 
interest would be on the notional using each OIR print during the 
swap period.

OIS rates (i.e., the fixed rate) is based on interest rate expectations.

A bank making a 1-week OIS price will apply a bid-ask spread around 
their perceived fair value:

Day Expected CB rate % p.a. Annualised 
rate

Mon 4.5000%
Tue 4.5000%
Wed 4.5000%
Thur 4.5000%
Fri 4.5000%
Mon 4.5000% 4.5014%
Tue 4.5000%
Wed 4.5000%
Thur 4.5000%
Fri 4.5000%
Mon 4.5000%
Tue 4.5000%
Wed 4.5000%
Thur 4.2500%
Fri 4.2500%
Mon 4.2500%
Tue 4.2500%
Wed 4.2500%
Thur 4.2500%
Fri 4.2500%
Mon 4.2500%
Tue 4.2500%
Wed 4.2500% 4.3992%

‘Fair’ 1-week 
OIS rate

CB monetary 
policy 

meeting.  
25bp cut 
expected

‘Fair’ 1-Month 
OIS rate

OIS Trading Bank

Int rate 
expectations for 1 
week  fair value 
OIS 4.5014% p.a.

BID
4.25% p.a.

Pays 4.25% p.a. 
and receives compounded OIR

ASK
4.75% p.a.

Receives 4.75% p.a. 
and pays compounded OIR



Overnight index swaps
Here’s an illustration of how the cash flows might transpire for a 1-week 100m [a notional amount] GBP SONIA OIS if 
we traded at the banks ask of 4.75% (i.e., we pay 4.75% p.a.)

PAYER

RECEIVER

Tue SONIA
4.50%

100,000,000

Wed SONIA
4.50%

Thu SONIA
4.50%

Fri SONIA
4.50%

Mon SONIA
4.50%

100,036,990 100,086,329

Tue Wed Thur Fri Sat Sun Mon Tue

15 16 17 18 19 20 21 22

The value date 
– the beginning 
of the swap’s 

tenor

Notional with daily SONIA applied:

100,000,000 × 1 + 4.50% ∗
1

365
= 100,012,328

Previous notional with daily SONIA applied:

100,012,328 × 1 + 4.50% ∗
1

365
= 100,024,659

Friday’s notional with daily SONIA applied for 3 days:

100,036,991 × 1 + 4.50% ∗
3

365
= 100,073,991

100,000,000 × 4.75% ∗
7

365 = 91,096

100,086,329− 100,000,000 = 86,329

N
et 4

,7
6

7



Fixed income 
valuation



Valuing a bond using a zero term structure
Term / zero rates are used to value a bond.  Supposing we have a 2-year 4.50% annual coupon bond and our 1 year zero 
rate is 5% p.a., and the two year is 4.50% p.a.

We simply discount the cashflows using the zero rates:

4.50 104.50

PV is:  
4.50
1+5%

= 4.2857
4.2857

5.00%

104.4081
PV is:  

4.50
1+4.50% 2 = 104.4081

Bond value is: 108.6938
4.50%



Valuing a bond using the yield to maturity

For a bond which pays an annual coupon this process may be summarised as:

𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵 𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣 = 𝑐𝑐 ×
1 − 1

1 + 𝑌𝑌𝑌𝑌𝑌𝑌 𝑛𝑛

𝑌𝑌𝑌𝑌𝑌𝑌
+

𝑁𝑁𝑁𝑁𝑁𝑁 𝑉𝑉𝑉𝑉𝑉𝑉
1 + 𝑌𝑌𝑌𝑌𝑌𝑌 𝑛𝑛

Where:

• 𝑐𝑐 is the bond’s coupon paid on the nominal value;

• 𝑁𝑁𝑁𝑁𝑁𝑁 𝑉𝑉𝑉𝑉𝑉𝑉 is the nominal value of the bond;

• 𝑌𝑌𝑌𝑌𝑌𝑌 is the bond’s yield to maturity (a uniform required rate of return over the bond’s life); and

• 𝑛𝑛 is the number of years.



Valuing a floating-rate note (FRN)

FRNs have coupons which reflect prevailing interest rates.

An FRN with an OIR-linked coupon pays the compounded OIRs at the end of the coupon period:

Nobody knows for certain what the coupon payments will be.

But we can see what the market expects them to be.

1st period coupon 2nd period coupon

Compounded daily OIRs for first coupon period Compounded daily OIRs for second coupon period



Valuing a floating-rate note (FRN)

Interest rates have integrity; depositing for 2 months straight must be the same as depositing for 1-month and then 
depositing for a further 1 month at the fair 1s2s rate:

If this wasn’t the case, there’d be an arbitrage profit available.

…1-month (𝑟𝑟1) then... …a further 1 month at  𝑟𝑟1×2

1m 2m

2 month (𝑟𝑟2) must equal…



Valuing a floating-rate note (FRN)

This means that:

1 + 𝑟𝑟1𝑦𝑦 × 1 + 𝑟𝑟12𝑠𝑠 24𝑠𝑠 = 1 + 𝑟𝑟2𝑦𝑦
2

And so, if we know any two of 𝑟𝑟1, 𝑟𝑟2 or 𝑟𝑟12𝑠𝑠 24𝑠𝑠 we can calculate the third:

𝑟𝑟12𝑠𝑠 24𝑠𝑠 =
1 + 𝑟𝑟2𝑦𝑦

2

1 + 𝑟𝑟1𝑦𝑦
− 1

…know 𝑟𝑟1y … solve for 𝑟𝑟12s 24s

…and 𝑟𝑟2𝑟𝑟



For the two-year bond above the expected coupon payments will be the current 1 year zero and the current 12s 24s 
zero.

The result of discounting the expected coupons / cash flows using the same zero rates used to source the same 
coupons it a value of 100, or par.

1st period exp coupon: 
1-year zero

2nd period exp coupon: 
12s 24s zero



Valuing Treasuries using zero term structure

When valuing treasuries, we must apply some sort of adjustment (a spread) to the term structure we've been using.

Our term structure is based on expectations of future central bank monetary policy and so future returns.

Treasury securities offer more than just an investment return – they are also used as collateral by banks and investors.  
This means their value may be distorted by collateral markets and their returns too.
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Clean and dirty (gross) pricing of bonds

5-year bond with 4.50% annual coupon and 4.80% YTM.

Immediately before the coupon is 
paid the bond’s value is the PV of 
all 5 cash flows.  The next coupon 

has a DF of 1 and a PV of 4.50

Immediately after the coupon is paid the bond’s value is the PV of 
the remaining 4 cash flows.  The next coupon has a DF of <1. 



Benefits of trading clean rather than dirty prices

If everything remained constant (YTM) a bond trading above par would experience a pull to par over its remaining 
life.

The diagram here shows that including accrued (i.e. dirty) the bond’s value appears to be more volatile than the 
clean.
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Too avoid the saw-tooth value profile bond markets ignore the accrual of the next coupon

98.16444148
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Credit markets 
and credit curves



Amazon 1.65%  12/05/2028



Credit spreads

A credit spread is the difference between the YTM on a risky (corporate) bond and another interest rate (this 
reference rate is also called the benchmark rate).

The most basic is the nominal spread:

Nominal credit 
spread

Other spreads OIS, 3.5242

OIS, 3.426385792

OIS, 3.4242

UST, 3.659991

UST, 3.65975

UST, 3.6448

AMZN1.65 12/05/28, 4.299939
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MAZN 1.65 '28 YTM, UST 5y to 7y YTM (interpolated) and OIS 4y to 5y 
(interpolated)

OIS UST AMZN1.65 12/05/28

NCS = AMZN YTM – BM (5Y) UST
= 4.299939% - 3.659991%
= 0.6399

GS = AMZN YTM – Int 5y UST
= 4.299939% - 3.6597511%
= 0.64019%

IS = AMZN YTM – Int OIS
= 4.299939% 3.42639%
= 0.87355%





Zero Volatility (Z-) Spread

The z-spread is the spread added to a zero curve (usually swap-based) which gives the current price of the bond. It 
reflects the reward the investor (or market) requires for taking on credit, liquidity and option risk.

OIS curve moves 
from A to B

T-bond priced using underlying OIS  based zeros 
A and B after subtracting the O spread AA-bond priced using underlying OIS  based zeros A and B after Adding 

the Z spread. Notic how the NCS changes with the U/L zero curve

Ann T-bond AA- Bond
Cpn 3.500% Cpn 3.500%

Nominal 100 Nominal 100
T OIS-based Zero A OIS-based Zero B O-spread CF PV CF at A - O PV CF at B - O Z-spread CF PV CF at A + Z PV CF at B + Z

1.00 4.76% 4.76% 0.080% 3.5000 3.3435 3.3435 0.60% 3.5 3.3219 3.3219
2.00 3.90% 5.11% 0.080% 3.5000 3.2472 3.1728 0.60% 3.5 3.2051 3.1321
3.00 3.50% 5.46% 0.080% 103.5000 93.5679 88.4435 0.60% 103.5 91.7462 86.7532

Val 100.1586 94.9598 Val 98.2732 93.2072
YTM 3.4435% 5.2013% YTM 4.1237% 5.8564%

Nom CS 0.6802% 0.6551%
Change in Nom CS -0.0251basis points



Zero Volatility (Z-) Spread

The z-spread is the spread added to a zero curve (usually swap-based) which gives the current price of the bond. It 
reflects the reward the investor (or market) requires for taking on credit, liquidity and option risk.

OIS curve moves 
from A to B

T-bond priced using underlying OIS  based zeros 
A and B after subtracting the O spread

AA-bond priced using underlying OIS  based zeros A and B after Adding 
the Z spread. Notice how the NCS changes with the U/L zero curve

T-bond AA- Bond

Cpn 3.750% Cpn 5.250%

Nominal 100 Nominal 100

Time OIS-based Zero A OIS-based Zero B O-spread CF PV CF at A - O PV CF at B - O Z-spread CF PV CF at A + Z PV CF at B + Z

1.00 4.95% 4.25% 0.050% 3.7500 3.5748 3.5988 0.60% 5.25 4.9739 5.0072

2.00 5.25% 5.50% 0.050% 3.7500 3.3884 3.3724 0.60% 5.25 4.6857 4.6637

3.00 5.75% 7.00% 0.050% 103.7500 87.8543 84.8097 0.60% 105.25 87.5003 84.4861

Val 94.8176 91.7810 Val 97.1600 94.1569

YTM 5.6772% 6.8747% YTM 6.3187% 7.4967%

Nom CS 0.6415% 0.6220%

Change in Nom CS -0.0195basis points



Asset swaps and ASW

An asset swap is a package comprising a corporate bond and an interest rate swap.

The idea of the package is to convert the nature of the bond’s coupons from, say, fixed to floating.

The asset swap spread reflects two things: the off market swap rate and the bond having traded at par

Corporate Bond
10-year

6.25% annual coupon

INVESTOR BANK

OIS swap
10-year

6.25% fixed rate

ASSET SWAP

100 Swap receiverSwap payer

Floating rate + Asset Swap Spread



Call-able and Put-able Bonds

Call-able bonds may be redeemed early by their issuer at a named price (the strike): less attractive than a vanilla, 
cheaper, higher yield.

Put-able bonds may be redeemed early by the holder: more attractive, more expensive and lower yield.

£0.00

£50.00

£100.00

£150.00

£200.00

£250.00

0.00% 2.00% 4.00% 6.00% 8.00% 10.00% 12.00%

25-year bonds, coupon 5% callable has strike of 101



Call-able and Put-able Bonds

This is a three-year 5% annual coupon bond.  We are assuming interest rates will only move up, or down, by 1% in 
the course of each year.  The one year spot rate is currently 4%:

VANILLA BOND
Nominal 100
Maturity 3
Coupon (Ann) 5
Price 102.8101
YTM 3.9876%

T0 T1 T2 T3

6%
50% probability

PV remaining cashflows 99.05660377 99.05660377 105
5

5% This cash flow + PV remaining 104.0566038
99.10153

100.0086392 100.0086
5 100.9158

4% 105.0086392 4%
100.9698

102.8100522 102.8101 100.9615385 100.9615385 105
104.6503 5

3% 105.9615385
102.8753

103.8362694 103.8363
5 104.7973

108.8362694 2%

102.9411765 102.9411765 105
5

107.9411765



Supposing now we say the bond is call-able after one year at a strike of 101.  We can see that whenever the bond’s 
price is above 101 it will be called.  101 therefore becomes the value of the bond at these points.  Why is the bond 
cheaper?

Call-able Bond
Nominal 100 -1.36359105
Maturity 3 0.48643387414877600%
Coupon 5
Call Strike 101 after 1 year
Price 101.4465
YTM 4.47%

T0 T1 T2 T3

6.00%

No Call 99.05660377 99.05660377 105
5

5.00% 104.0566038
99.10153

No Call 100.0086392 100.0086
5 100.9158

4% 105.0086392 4.00%
100.9698

101.4464611 101.4465 No Call 100.9615385 100.9615385 105
101.9231 5

3.00% 105.9615385
102.8753

CALLED 101 102.894
5 102.9126

106 2.00%

CALLED 101 102.9411765 105
5

106

Option value (Price)
Opion Value (Yield)



Supposing now we say the bond is put-able after one year at a strike of 100.  We can see that whenever the bond’s 
price is below 100 it will be put by the holder.  100 therefore becomes the value of the bond at these points.  Why is 
the bond more expensive?

Put-able Bond
Nominal 100 0.21597899
Maturity 3 -0.0762%
Coupon 5
Put Strike 100 after 1 year
Price 103.026
YTM 3.91%

T0 T1 T2 T3

6%

PUT 100 99.05660377 105
5

5% 105
100

No Put 100.4578755 100.4579
5 100.9158

4% 105.4578755 4%
101.4018

103.0260312 103.026 No Put 100.9615385 100.9615385 105
104.6503 5

3% 105.9615385
102.8753

No Put 103.8362694 103.8363
5 104.7973

108.8362694 2%

No Put 102.9411765 102.9411765 105
5

107.9411765

Option value (Price)
Opion Value (Yield)



Option Adjusted Spread (OAS)

Supposing we have two bonds, both three year and both with 5% coupons.

Bond A has a YTM of 5.00%

Bond B has a YTM of 5.50%

If the risk-free rate is currently 2%, the nominal credit spread would be:

Bond A: 5.00% - 2.00% = 3.00%

Bond B: 5.50% - 2.00% = 3.50%

Bond B, it appears, has the higher credit risk.

Supposing that we discover that B is a callable bond…



We run a binomial model and determine that the embedded option is, in yield terms, worth 0.70% p.a.

This would mean that the actual credit spread for B is:

5.50% - 0.70% - 2.00% = 2.80%

Option value in 
yield terms is 
0.70% p.a.

YTM Option val RFR OAS
Option-adjusted 

spread



Option Adjusted Spread (OAS)

Supposing we have two bonds, both three year and both with 5% coupons.

Bond A has a YTM of 5.00%

Bond B has a YTM of 5.50%

If the risk-free rate is currently 2%, the nominal credit spread would be:

Bond A: 5.00% - 2.00% = 3.00% no call OAS is 3.00%

Bond B: 5.50% - 2.00% = 3.50%, call 0.70%, OAS is 2.80%

Bond B, it appears, has the higher credit risk.

Supposing that we discover that B is a callable bond…



Private credit



What is Private Credit?
Private credit refers to non-bank lending, where financing is provided by non-traditional lenders.

It encompasses loans and debt financing that are not traded on public markets. The most common types include:

Direct Lending Mezzanine 
Financing Distressed Debt Special Situations Real Estate 

Private Debt

Private credit fills the gap for borrowers who may not have access to public bond markets or traditional 
bank loans, often due to size, credit rating, or the need for bespoke financing solutions.



Characteristics of Private Credit: Overview

Customizable Deals

Direct lending allows for bespoke financing solutions, addressing specific borrower needs (e.g. flexible covenants and 
repayment schedules).

Higher Returns
Investors in private credit often achieve higher yields, compensating for increased credit risk and illiquidity.

Personalized Lending Relationships
The private setup fosters direct, impactful relationships between lenders and borrowers, enabling detailed due diligence and 
close monitoring.

Illiquidity
Longer investment horizons and illiquidity are inherent, requiring a long-term perspective for higher yield potential.



Characteristics of Private Credit: Key Players

Borrowers

RegulatorsIntermediaries & Advisors

Institutional InvestorsDirect Lenders

Private Equity Firms

Offer flexible, direct financing. 
E.g. Ares Management, Apollo 
Global

Startups to multinationals, driving 
financing demand. 

E.g. Tech startups, SMEs

Supply capital, seek yield and 
diversification. 

E.g. CalPERS, CPPIB

Connect lenders and borrowers, 
provide insights. 

E.g. Investment banks, Lendio

Engage in buyouts, acquisitions; 
demand for leveraged financing. 

E.g. Blackstone, KKR

Ensure market stability and 
transparency. 

E.g. SEC (US), FCA (UK)



Inflation-linked 
bonds



Nominal and real returns
A nominal return is the return calculated by a change in price.

For example a share rises in value from 100 to 104 over the course of  year and pays no dividends. The nominal return 
is:

104 − 100
100

= 4%

If, over the same period, inflation was calculated at 2.50%, the increase in wealth generated by the share would be 
diminished because, on average, everything is 2.50% more expensive.

The more realistic view would be that our return was more like 1.50%.  In other words:

𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 = 𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁 𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 − 𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼 𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅



Index-linking an index-linked bond
UK Index linked Gilts operate on a 3-month lag.  This means the bonds start, or base, RPI number is from three months 
before.  When a date falls between two RPI numbers the value is linearly interpolated.

The UK index Linked Gilt 0 5/8% 2042 was issued on 24/07/2009.  To calculate its base RPI (to 5dp):

All subsequent cash flows are inflated against the base RPI.

April 09 May 09 July 09

211.5

212.8

211.40

211.60

211.80

212.00

212.20

212.40

212.60

212.80

213.00

28/03/2009 04/04/2009 11/04/2009 18/04/2009 25/04/2009 02/05/2009 09/05/2009

UK RPI Values April 2009 and May 2009

Interpolated RPI RPI Index

Issued 24 July 2009.

𝑩𝑩𝑩𝑩𝑩𝑩𝑩𝑩 𝑹𝑹𝑹𝑹𝑹𝑹 = 𝑅𝑅𝑃𝑃𝐼𝐼𝑚𝑚−3 +
𝑡𝑡 − 1
𝐷𝐷𝑚𝑚

× 𝑅𝑅𝑃𝑃𝐼𝐼𝑚𝑚−2 − 𝑅𝑅𝑃𝑃𝐼𝐼𝑚𝑚−3

𝟐𝟐𝟐𝟐𝟐𝟐.𝟒𝟒𝟒𝟒𝟒𝟒𝟒𝟒𝟒𝟒 = 211.5 +
24− 1

31 × 22.8 − 211.5

24th



Index-linked gilt illustration
Let's look at a trade in the gilt above settled on 04/09/2024.  The previous coupon was paid on 22/05/2024 and the 
next coupon is to be paid on 22/11/2024.

This gilt will trade in the market at its real price and yield (remember this doesn’t include inflation):

The real yield the market 
wants on the ILG 

excluding inflation…

…and this is the PV of the 
remaining cash flows using 
the real yield below (less 
accrued – this is a clean 

price)

A vanilla gilt with similar 
maturity.

Its yield is nominal and 
includes inflation 

expectations



At settlement, the invoice amount (the total amount the buyer pays) needs to reflect inflation since the gilt’s issue.

Firstly, determine the RPI for the settlement date (settlement or reference RPI), then use this, along with the base RPI, 
to determine the settlement index ratio:

June 2024 July 2024 4 September 
2024

Settlement date 4 September 2024

𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺 𝑹𝑹𝑹𝑹𝑹𝑹 = 𝑅𝑅𝑃𝑃𝐼𝐼𝐽𝐽𝐽𝐽𝐽𝐽𝐽𝐽 24 +
𝑡𝑡 − 1

𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷 𝑖𝑖𝑖𝑖 𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 × 𝑅𝑅𝑃𝑃𝐼𝐼𝐽𝐽𝐽𝐽𝐽𝐽𝐽𝐽 24 − 𝑅𝑅𝑃𝑃𝐼𝐼𝐽𝐽𝐽𝐽𝐽𝐽𝐽𝐽 24

𝟑𝟑𝟑𝟑𝟑𝟑.𝟑𝟑𝟑𝟑𝟑𝟑𝟑𝟑𝟑𝟑 = 387.30 +
4 − 1

30 × 387.50 − 387.30

The settlement / reference index ratio:

𝟑𝟑𝟑𝟑𝟑𝟑.𝟑𝟑𝟑𝟑𝟑𝟑𝟑𝟑𝟑𝟑
𝟐𝟐𝟐𝟐𝟐𝟐.𝟒𝟒𝟒𝟒𝟒𝟒𝟒𝟒𝟒𝟒 = 1.82299



We then use the index ratio to calculate the clean, accrued and gross (dirty) amounts [for 1m nominal]:



Inflation-linked bonds: Breakeven Inflation
The difference between an inflation linked bond’s real yield and a vanilla bond’s [nominal] yield is a reflection of 
inflation expectations and is called breakeven inflation.

Nominal Yields = Real Yields + Expected Inflation + Risk Premium for Unexpected Inflation

BREAKEVEN INFLATION



Construction and trades
Yield curves



Carry and roll-down
Carry and roll-down are ‘natural’ moves in bond prices which are always going to happen quite apart from any 
anticipated (speculated) move an investor or trader is looking for.

Because they involve bond price moves they bring an additional profit and loss dimension to the position.

Carry comprises pull-to-par and finance.

Pull-to-par is the [vanilla] bond’s price moving towards par as it approaches maturity.  The longer the position is held, 
the greater the effect of PTP. 

50.00

70.00

90.00

110.00

130.00

150.00

170.00

190.00

0.00% 1.00% 2.00% 3.00% 4.00% 5.00% 6.00% 7.00% 8.00% 9.00% 10.00%

Price yield relationship for 5% SA coupon bond to maturity

Bonds traded below 
par rise in value with 

pull-to-par.
Bonds traded above 
par fall in value with 

the pull to par



REPO  REVERSE REPO

Carry and roll-down
Finance is the net cost of being long or short of the bond.

It is the difference between the coupons received [owed on a short position} and the repo rate paid [received on a short 
position].

In this example a trader engineers a long bond position by simultaneously purchasing a bond in the market and using 
the bond as collateral for a loan to finance the purchase.

Market Trader BankCash Cash + int

Bond

Bond

Market Trader BankBond Bond

Cash

Cash

Now:

Later:



RVERSE REPO  REPO

Carry and roll-down
Finance is the net cost of being long or short of the bond.

It is the difference between the coupons received [owed on a short position} and the repo rate paid [received on a short 
position].

In this example a trader engineers a short bond position by simultaneously borrowing a bond from a bank (prime 
broker) and selling it.

Market Trader BankCash

Cash (collateral)

Bond

Bond

Market Trader BankBond Bond

Cash + int

Cash

Now:

Later:



Carry and roll-down
Here is an illustration of pull to par and finance which together are called carry

A trader takes a long position of 50m nominal in a 2-year bond and holds it for a year..

The repo rate is currently 0.25% p.a. and the short end of the yield curve look like this:

2 year Bond
Maturity (yrs) 2.00

Coupon (ann) 4.00%
Yield 5.10%
Price 97.96

Term YTM
1 4.90%
2 5.10%



Carry and roll down attribution

4.85%

4.90%

4.95%

5.00%

5.05%

5.10%

5.15%

0 1 2 3
Maturity

YTM

YTM

Bond valued at 97.96.
Borrow 97.9575 at repo rate of 4.80% and purchase bond

Hold for 1 year and receive 4.00 coupon

Bond valued at 99.14
Total return is:

99.14 − 97.96 + 4.00
97.96 = 5.2926%

Finance cost is 4.80%

Net return is 0.4926%



Carry and roll down attribution

4.85%

4.90%

4.95%

5.00%

5.05%

5.10%

5.15%

0 1 2 3
Maturity

YTM

YTM

Hold for 1 year and receive 4.00 coupon

Bond valued at 99.14
Total return is:

99.14 − 97.96 + 4.00
97.96 = 5.2926%

Finance cost is 4.80%

Net return is 0.4926%

Net financing costs is coupon received minus financing 
costs:

4.00 − 97.96 × 4.80% = −.7020

−0.7020
97.9595 = −0.7166%

Pull to par is the effect of time passing and pulling the bond closer to its par value:

98.9534 price of 1−year 4% coupon bond at 5.10% YTM − 97.9575 = 0.9958

0.9958
97.9575 = 1.0166%

Roll down is the effect of the new yield on the (4.90%) on the now-1-year bond:

99.1420 price of 1−year 4% coupon bond at 4.90% YTM − 98.9534 price of 1−year 4% coupon bond at 5.10% YTM = 0.1887

0.9958
97.9575 = 0.9126%

Net financing costs (-0.7166% ) + P2P (1.0166%)  + Roll (0.9126%) = 0.4926%
CARRY



Carry and roll-down
After the year:

• the coupons received on the bond would be:

50,000,000 × 2.00% = 1,000,000
• the repo finance would be (remember the bond’s price is 100.98): 

50,488,971 × 0.25% × 365
360

= 127,976 

• the pull to par (here we assume all is the same except the maturity, which is now 1 year instead of two):

– Price of 1 year 2% annual coupon bond with a YTM of 1.50% is 100.49261

– 50m nominal at this price is worth 50,245,000

– A pull to par loss of 242,665.

Total carry for the year is:

1,000,000 − 127,976 − 242,665 = 629,359

Holding this bond has a positive carry – the trader makes a gain simply by holding the bond.



Carry and roll-down
Carry has an element of certainty about it.

Roll down is the effect of the yield changing in line with the shorter maturity assuming that the yield curve does not 
change.

Pull to par took into account the guaranteed fact that the maturity of the bond would be a year shorter in a year’s time.

Roll down considers the consequences of the bond’s new yield in a years time with nothing changing:

The gain (long bond position, lower yield) on 50m nominal is 124,065

Maturity

Yi
el

d

2y 5y

1.50%

1.25%

1y

Pull to par prices the bond with 1 year maturity 
and a YTM of 1.50%: 100.49261

Roll down prices the bond with 1 year maturity 
and a YTM of 1.25%: 100.74074



Carry and roll-down
The consequences of finance, pull to par and roll down could be summarised for a 1-year time horizon as:

2 year Bond
Funding Requirement (50,488,971)

Pull to Par Price 100.49261
Pull to Par P/L (242,665)
Repo Finance (127,976)

Coupon Income 1,000,000
Carry 629,359

Roll Down Yield 1.25%
Yield Change -0.25%

Roll Down Price 100.74074
Roll Down 124,065

Total Passage of Time (carry + roll down) 753,424



Yield curve trades.
The yield curve is often viewed as a leading indicator, providing an early warning on the likely direction of a country’s 
economy.

Its success in this sense varies.

Remember that the YC is not a function or mathematical relationship – its empirical; a snapshot of what the market 
wants as a return from a set of debt instruments over different maturities. 



Yield curve movements
Curves (virtually) never move equally across all maturities.

We therefore speak about curve movements between two or three maturities (spreads).

0.00%

0.20%

0.40%

0.60%

0.80%

1.00%

1.20%

1.40%

0.00 5.00 10.00 15.00 20.00 25.00 30.00

YT
M

MaturityStart Later

Spread Start Later Change in spread Move

2s 5s 0.20% 0.30% 0.10% Steepening

Spread Start Later Change in spread Move

10s 30s 0.10% 0.10% 0.00% Parallel-up

Spread Start Later Change in spread Move

5s 10s 0.20% 0.10% -0.10% Flattening



Yield curve movements
To define these ideas:

A parallel shift is where all yields change by the same amount (up or down).  There is no change in the far-yield minus near-yield 
spread.

Maturity

Yi
el

d

2y 5y

Bull parallel shift – bonds rise in value

Bear parallel shift – bonds fall in value



Yield curve movements
A steepening shift is where far yield minus near yield becomes more positive (or less negative!)

Maturity

Yi
el

d

2y 5y 10y

2s 5s spread 
becomes more 
positive

5s 10s spread 
becomes less 
negative



Yield curve movements
A flattening shift is where far yield minus near yield becomes more negative (or less positive!)

Maturity

Yi
el

d

2y 5y 10y

2s 5s spread 
becomes less 
positive

5s 10s spread 
becomes more 
negative



Yield curve movements
Curve moves between two maturities will most likely be a combination of a parallel shift and a steepening or flattening 
move:

Maturity

Yi
el

d

2y 5y

Bull steepening

Bear steepening

Steepening twist



Constructing yield curve trades
If we expect the 2s 5s to steepen we are saying we expect the difference (5y YTM – 2y YTM) to increase.

In other words we expect the 5-year move to increase more than the 2-year move.

We therefore take a negative (short) position in the 5-year and offset it with a positive (long) position in the 2 year.

We must make sure that we have the same DV01 (delta) for both the 2 and 5 year positions.

Maturity

Yi
el

d

2y 5y 10y

3.00%

4.00%

2.00%

2.50%
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