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Beyond Interbank Interest Rates

@ We have discussed how interest rates in short-term interbank markets are
controlled by central banks. These interbank rates receive a huge amount of
attention. But economically they are not very important: The sums borrowed
in these markets are small when compared with the amounts borrowed by
businesses and governments via issuance of bonds or borrowing by households
in the form of mortgages, car loans, credit card debt and so on.

@ In the euro area, where policy rates have been lowered to zero (and below)
the most relevant interest rates are not zero.

@ Check out the Fed's “Selected Interest Rates” release. As of October 21, the
fed funds rate was at an annualised rate 5.33%, one-year Treasury securities
would get you an interest return of 5.13%, the ten-year Treasury bond would
get you 4.63% per year for the next ten years and the thirty-year Treasury
bond would get you 4.78% per year over the next thirty years.

@ Elsewhere, you can find out that AAA-rated corporate bonds had an average
interest rate of 5.79% on October 19 and BAA-rated corporate bonds had an
interest rate of 6.8%. The average 30-year mortgage interest rate was 7.63%.

@ What accounts for the differences between all these interest rates? That's
what we will be focusing on in the next few lectures.
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Maturity, Default and Liquidity Risk

@ These debt instruments all have different interest rates for a reason. There are
three principal factors that influence the interest rate on a particular type of
debt:

@ Maturity: How much time does the borrower have to pay back?
Interbank loans are often overnight but most business and consumer
loans are for terms of years.

@ Risk: Some types of debt (e.g. government bonds in certain countries)
have very little risk of default. Others (mortgages, credit cards,
corporate bonds) differ in the probability of default and in how much the
lender will lose if there is a default.

© Liquidity: Debt instruments differ in how easily they can be traded. A
bond for which a liquid market does not exist will probably have to pay
out a higher interest rate to attract investors.

@ | will focus here on the first of these issues. We will look at how interest rates
on assets with similar levels of risk and liquidity differ because of their varying
maturity by focusing on the market for government bonds. | will discuss risk
and liquidity later.
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What Is a Bond?

The interest rates we will focus on in this lecture will be the interest rates
associated with bonds.

So what is a bond? Bonds are a form of IOU issued by governments or
corporations to people who provide them with money.

An investor agrees to provide the bond issuer (e.g. the government) with a
sum of money, say $100. This sum is called the principal.

In return, the bond issuer provides the investor with a bond certificate that
specifies how the money will be repaid.

The terms of a bond contract specifies the length of time until the principal is
repaid. This is known as the maturity of the bond. It may be that the final
repayment exceeds the initial principal provided.

It also specifies a schedule for potential interest payments to be made. These
are sometimes called coupon payments

Bond certificates can generally be sold by the holder to other investors at any
time. Indeed, while the stock market gets a lot of attention, the global bond
market is a far larger and more important one than the stock market.
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Definition of Yield to Maturity

@ Suppose you have $100 to invest. You decide to purchase a bond with price
$100 that will pay you back $116 in five years time. Investors will tell you that
your bond has a yield to maturity of 3% because

$100(1.03)° = $116
@ The investment turns out the same as investing at an interest rate of 3% and
re-investing the proceeds until five years time.

@ An alternative way of writing this relationship is:
$116
1.03°

@ More generally, the price of a bond that pays out $1 in m periods time can
always be expressed as

$100 =

1
(1+ ym)m
@ Alternatively, we figure the yield from the current price:

1

1 m
m
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Inverse Relationship Between Prices and Yields

@ Let's still assume you're still the guy who bought the bond that pays $116 in
five years time.

@ Now suppose something happens in financial markets, so that the yield on all
bonds has to rise to 4%.

@ If you had to sell your bond now, it's price would have to be

$116

@ This increase in yields may have been good news for new investors who just
arrived in the market looking for the best possible return.

@ But if you wanted to sell your bond today, it was bad news for you. The terms
of your bond haven't changed—it still only provides $116 in five years
time—so to satisfy the new market-driven yield of 4%, you would have to sell
your bond today for less than the $100 you spent to acquire it.

@ Key Point: Bond prices and bond yields move in the opposite direction.
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Coupon Bonds

The example just given involves a bond that only pays out when it matures in
five years time. It doesn't make interest coupon payments along the way. This
is known as a zero-coupon bond.

What about bonds that make interest coupon payments? One can calculate
the yield for these bonds by viewing them simply as a series of zero-coupon
bonds bundled together.

For example, consider a bond that makes interest payments of C every period
for ten years and then pays out F in the tenth year. We calculate the yield of
the bond as the y that makes the following equation hold

¢, ¢ . ¢ ;o4 ¢ L _F
I+y  (1+y)? @1+y)°  @+n? @+p)"°

For most bonds, the final payment at maturity and the amount of the
coupons don't change. However, the yield does change as bond prices move
up or down.

The yield is thus a simple summary statistic that you can use to summarise
the rate of return you can get from different types of bonds, whether they pay
coupons or not.
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Section 3 Examples: Bond Pricing

A bond will pay a $10 coupon payment next year and then for four more years
after that. In the fifth year, the bond will also return a final payment of $100.

The bond'’s yield is currently 4 percent. Show how to calculate the current price
of the bond.

@ In this case, the relevant formula is

C C C C C F

- + 5+ s ++ -+ s+ s
I+y  (1+y) (1+y) 1+y) (Q+y) (Q+y)

@ Plugging in C =10, F = 100 and y = 0.04, we get

p 10 10 10 10

_ 10 N N L 10 100
1.04 © (1.04)>  (1.04)° (1.04)*

(1.04)° - (1.04)°
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Section 3 Examples: More Bond Pricing

A bond will make identical coupon payments next year and then for four more
years after that. In the fifth year, the bond will also return a final payment of
$100. Currently, the bond'’s price is $120 and its yield is currently 4 percent.
Show how to calculate the value of the annual coupon payments.

@ In this case, the relevant formula is

C C C C C

F
=1 5+ s+ + .+ -+
ty  (1+y) (Q+y) 1+y) (1+y)

1+y)

@ Plugging in P =120, F = 100 and y = 0.04, we get

C C C C C 100
120 = + 5 3+ z+ 5+ 5
1.04  (1.04)° (1.04)° (1.04)" (1.04)> (1.04)

100 1 1 1 1 L\
TeT (120 B (1.04)5> (1-04 T woay T oay oy (1-04)5>
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Section 3 Examples: Zero Coupon Bonds

A zero coupon bond will pay out $100 five years from now. lts yield is currently 2
percent. Show how to calculate the current price of the bond.

@ In this case, the formula is just

F 100

P = =
(1+y)> 1025

A zero coupon bond currently has a price of $100. It will make its only payment

five years from now. lts yield is currently 3 percent. Show how to calculate the
bond'’s final payment.

@ Again the formula is

F F
P=—— - =100=—— = F =100+ 1.03°
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The Yield Curve

@ A nice way to summarise information about the yields available on bonds that
have different maturities (i.e. that differ according to when their final payout
occurs) is to chart the different yields on the y-axis while charting the
maturity on the x-axis.

@ This line in this kind of chart is known as “The Yield Curve” and financial
market participants pay close attention to it.

@ Getting information on yields on government bonds is really easy.

@ Type “Yield Curve" into Google and you'll find information on the yields at
various maturities for Europe from the ECB and for the US from the US
Treasury.

@ The next page shows yields for AAA-rated euro area government bonds in
October 2022.

@ The page after shows the same data for October 2023. Notice the difference?

@ Short-term interest rates turned out to be higher than the market was
expecting in October 2021. Markets now expect short-term rates to fall but
have raised their estimates of average long-run interest rates.
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October 2022 Yield Curve for AAA-Rated Government
Bonds
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October 2023 Yield Curve for AAA-Rated Government
Bonds

Yield in %
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The Market for US Treasury Bonds

Much of the research on the behaviour of long-term interest rates has focused
on the market for US Treasury securities.

The US government borrows from financial markets, issuing bonds that may
off at lots of different maturities: Short-horizons such as one to three months
and long horizons such as ten to thirty years.

The market for these securities is enormous and highly liquid and because the
default risk for the US government is considered to be low, you don't have to
take this factor into account.

This means that we can ignore the risk and liquidity factors and look purely at
how maturity affects the interest rate on an asset.

Treasuries are of interest beyond being a useful learning tool. They are a key
benchmark for investments denominated in US dollars: They provide an
alternative to lending over similar maturities to corporations or mortgage
lenders and thus influence those rates.

Karl Whelan (UCD) Long-Term Interest Rates Autumn 2023 15 /34



How Short-Term (Red) and Long-Term (Blue) Bonds
Move Together

FRED -2/ — MarketVieldonUss. Treasury at 10-Year C: Quoted on an Investment Basis

— Market Yield on U.S. Treasury Securities at 1-Year Constant Maturity, Quoted on an Investment Basis
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Bond Market Stylized Facts

© Rates on longer-term bonds are usually higher than shorter-term bonds (i.e.
yield curve usually slopes upwards.) Remember, the blue line for the ten-year
interest rate was almost always higher than the black line for the one-year rate.

@ Short and long rates often move in the same direction and interest rates on
both short-term and long-term bonds are much lower today than in the late
1970s and early 1980s.

@ But short rates are more variable than long rates.

© Short rates tend to draw close to long rates before and at the start of a
recession and then the gap tends to widen again. In other words, the yield
curve tends to flatten out just before recessions.
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Why Do Yields Differ by Maturity?

Going back to the data from the Selected Interest Rates page, the one-year
US Treasury bond has a current yield of 5.13% while the ten-year bond has a
yield of 4.63%. You might think, at first look, that this means that you should
choose to buy the one-year bond instead of the ten-year bond because it's a
better deal.

However, that's not necessarily the case. After the one-year bond has
matured, you can buy another one-year bond next year, and then another the
year after. But yields on one-year bonds may go down in the future.

It might be that this strategy—buying ten one-year bonds in a row—is just as
profitable as buying a single ten-year bond now.

Indeed, if investors really all thought that one type of bond strategy was much
more profitable than another, then they'd all sell bonds associated with the
bad strategy to buy the bonds associated with the good strategy. This would
drive down the price of the bad-strategy bonds until the point where investors
were indifferent.

This idea—that yields differ so as to make each investment strategy equally
attractive—underlies what is called the expectations theory of the term
structure.
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Introducing The Expectations Theory

@ Suppose you have a choice between two different strategies for investing over
two periods:

@ Invest today at a fixed interest rate of ip; per period.
@ Invest today for one period at an interest rate of i1;, and then re-invest
at next period’s one-year rate of iy ;1.

@ For the two-period rate to be worth taking up, these two strategies must have
the same expected return.

Two period bond has cumulative return (1 + i2t)2 =1+ 2y + i3,

Rollover strategy has expected cumulative return
(1 + ilt) (1 + Etil,t+1) =1+ ilt + Etil,t+1 + ilt (Etil,t+1)-

@ For normal interest rates, both i22t and i1y (E¢fpe41) will be negligible.
@ So, theory implies

. 1. .
Rt = 5 (’1t + Etll,t+1)

@ The two-year rate is an average of the current one-year rate and the one-year
rate expected a year from now.
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General Formulation of the Expectations Theory

@ One can apply this argument beyond two periods. So, the three period bond
rate should be 1
i3t = § (ilt + Etil,t+1 + Etil,t+2)

and the four-period bond rate should be

. 1 . . . .
gt = 1 (e + Etiver1 + Eeiepo + Eiirt43)

and the n-period bond rate should be
1 n—1
Int = *Et Z il,t+k
—
@ The return on an n-period bond should equal the average of the return on
one-period bonds over the n periods starting today.

@ According to this theory, an upward-sloping yield curve must mean that
investors expect future short-term rates to be higher than today’s short-term
rate.

@ A downward-sloping yield curve would mean that investors think that
short-term rates are going to decline in the future.
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Section 3 Examples: The Expectations Theory

This year's one-year Treasury bond has a yield of 2 percent. Markets expect the
one-year bond yield to rise to 4 percent next year. What does the expectations
theory predict the two-year bond yield should be now?

@ In this case, the formula is just

[y

oy = e+ Eiirepn) = (24+4)=3

2 >
@ The two-year bond should have a yield of 3 percent.

The one-year Treasury bond has a yield of 2 percent and the two-year Treasury
bond has a yield of 1.5 percent. What does the expectations theory say about
what financial markets expect the one-year yield to be next year?

@ Again, we use the same formula.

. 1 . . 1 .
by = 5 (e + Etll,t+1) =15= > 2+ Etll,t+1)

Et"l,t+1 =2%x15-2=1
@ Markets expect the yield on the one-year bond to fall to 1 percent.
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Section 3 Examples: The Expectations Theory

A five-year Treasury bond has a yield of 3 percent. The three-year Treasury bond

has a yield of 2 percent. What does the expectations theory predict for the
two-year bond yield three years from now?

@ The three-year and five-year bond yields should be given by

. 1 . . .
I3y = 3 (1t + Etipq1 + Etll,t+2)

sy = 5 (he + Etiveq1 + Eeivepo + Eviv o3 + Eviteya)

@ The market will expect the two-year bond yield in three years time to be given
by

Eiipey3 = = (Etir,eq3 + Etit e44)

N =

@ Putting these together, we get
3 2
5 = =7 —E;i =3=
5t = 53t + 5 Etl2,e+3

. 5 6
Eiir 43 = 3 (3 5

2 .
(2) + gEt’2,t+3

=45
2

SN— (.mw
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Explaining Some Facts with the Expectations Theory

@ The expectations theory helps to explain some of the facts we described
earlier:

© Long rates depend on current and expected future short rates, so if short
rates are trending in one direction, we would expect long rates to also go
in that direction: This explains why rates often move together.

@ But longer rates depend on expected short rates that may be far in the
future. Today's developments may have little effect on these
expectations: Explains why long rates move less than short rates.

© If people expect a recession, they will expect the central bank to cut
interest rates. This can make long-term rates go down even if short-term
rates have not yet been cut. This explains why the shape of the yield
curve tends to change dramatically around recessions. More on this later.

@ But the theory does not explain why yield curve usually slopes up: We cannot
always be expecting short rates to rise.
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Monetary Policy and Forward Guidance

@ Rates on longer-term government bonds have a key influence on mortgage
rates, corporate debt, etc. For instance, the ten-year Treasury rate is used as
a benchmark for US fixed-rate mortgages.

@ Central banks control overnight interest rates. Long-term interest rates will be
an average of expected future overnight rates sets.

@ So the expectations theory explains how the central bank influences all
interest rates, not just the overnight interbank rate.

@ The theory also explains why forward guidance—central banks giving the
public guidance on what they plan to do in the future—is an important part
of monetary policy.

@ When interest rates were very low for a long time, central banks could still
influence long-term interest rates via forward guidance about the length of
time they expected to keep short-term rates low.

@ Today, central banks are communicating how they intend to keep interest
rates at higher levels as long as inflation remains high.
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Term Premia

@ Recall the expectations theory

n

. 1 .

Int = ;Et E 11, t+k
k=0

@ Yield curve should only slope upwards if markets expect that short-term
interest rates will be increasing.

@ But the yield curve almost always slopes up: Markets cannot always be
expecting short rates to be increasing!

@ Alternative: Adapt the model to allow for a positive term premium

. 1.
Int = tn + EEt Z 11,4k
k=0
where 1, > pn—1.

@ Term premia may vary over time. In this case, the model is

1 n
Int = Pnt + ;Et E 11t 4k
k=0
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Yields, Bond Prices, and Bond Returns

For simplicity, consider a world in which the yield curve is flat, so the yield on
all maturities is the same.

Consider a two-year bond issued today, paying $1000 in two years, selling

today for $942 = (sil_gg%.

The yield on this bond is 3%. If yields don't change, the bond will be worth

$971 = % next year, for a return of 3%.

Suppose that at the end of one year, yields on all newly-issued bonds have
jumped to 10%.

The existing bond, with one year to run, can only be sold if it also provides a
10% return, so its price must change to $909 = %. The seller has
incurred a one-year return of -3.4%.

$1000

1.03)1 is now

Think that's bad? A ten-year bond bought last year for $744 =

worth only $424 = ?11%(;2, a one-year return of -43%.
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Comparing the Riskiness of Short- and Long-Term Bonds

@ Now let's compare the riskiness of long- and short-term bonds.
@ In favour of long-term bonds:

@ Most investors have a long-term horizon and over that horizon these
bonds provide a guaranteed return. Remember, in our example, the bond
is guaranteed to pay $1000 at the maturity.

© They turn out to be a good investment if interest rates decline in the
future.

@ Against long-term bonds:

@ Their value is very sensitive to changes in interest rates. While risk-free
if held to maturity, they are very risky investments for those with short
horizons or those who may sometimes have to liquidate assets quickly.

© The guaranteed payout is usually nominal, so they will turn out to be a
bad investment if inflation is higher than expected. In contrast, interest
rates on short-term bonds will tend to rise with inflation, so a “rollover”
strategy has less inflation risk.

@ On balance, these latter points appear to dominate most of the time, so the
yield curve usually slopes upwards.
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Comparing the Riskiness of Short- and Long-Term Bonds

@ Now let's compare the riskiness of long- and short-term bonds.
@ In favour of long-term bonds:

@ Most investors have a long-term horizon and over that horizon these
bonds provide a guaranteed return. Remember, in our example, the bond
is guaranteed to pay $1000 at the maturity.

© They turn out to be a good investment if interest rates decline in the
future.

@ Against long-term bonds:

@ Their value is very sensitive to changes in interest rates. While risk-free
if held to maturity, they are very risky investments for those with short
horizons or those who may sometimes have to liquidate assets quickly.

© The guaranteed payout is usually nominal, so they will turn out to be a
bad investment if inflation is higher than expected. In contrast, interest
rates on short-term bonds will tend to rise with inflation, so a “rollover”
strategy has less inflation risk.

@ On balance, these latter points appear to dominate most of the time, so the
yield curve usually slopes upwards.
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The Yield Curve as an Indicator of Recessions

@ The simple version of the expectations theory says that when the yield curve
slopes up, it means that people expect interest rates to rise in the future and
when it slopes down they expect interest rates to fall.

@ Once you factor in term premia, things are not so simple. The yield curve
usually slopes upwards and it rarely is flat or downward-sloping.

@ But if the yield curve is flat to downward-sloping that means that
expectations of declining future short-term rates are strong enough to
overcome the term premia factor and stop the yield curve from sloping us.

@ This means that a downward-sloping yield curve (sometimes called an inverted
yield curve) is a strong sign that financial markets think short-term rates are
going to decline.

@ This may be because financial markets think there is going to be a recession.
As you can see from the next graph, the ten-year Treasury yield being close to
or below the two-year yield has regularly been an indicator that there will be a
recession (as indicated by the shaded recession bars).

@ There has been a severe downward slope over the past year, indicating the
markets believed a recession would happen. But it hasn't happened (yet) and

the inversion has been reducing lately.
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Yield Curve “Inversion” Usually Signals a Recession

FRED, a4 — 10-Year Treasury Constant Maturity Minus 2-Year Treasury Constant Maturity
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Recap: Key Points

Things you need to understand from these notes:

® © 6 00000606O0O0CO0

The 3 characteristics that affect interest rates on debt instruments.
Definition of a bond and its associated terminology.

Definition of yield to maturity.

Relationship between bond prices and bond yields.

How coupon-paying bonds are priced.

What is meant by the term structure and what the yield curve is.
Basic facts about movements in short and long-term interest rates.
Definition of the expectations theory.

What the expectations theory explains and what it doesn't.
Definition of term premium.

Factors affecting the riskiness of short and long-term bonds.

Yield curve inversion as a signal of recession.
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