
Understanding 
convexity

Convexity is a mathematical 
concept used to compare a bond’s 
upside price potential with its downside 
risk. A bond has positive convexity 
when the price increase resulting from a 
given decline in interest rates is greater 
than the price decrease that would 
result from an equivalent rise in rates. 
As a general rule, noncallable bonds 
have positive convexity, while many 
bonds that can be redeemed prior to 
maturity have negative convexity.

WHY DO WE START WITH DURATION?

To understand convexity, we must first understand 
duration, which is a metric used to estimate how 
much the price of a bond will change in response 
to a change in its yield. Modified duration is 
a particular version of duration, which, when 
multiplied by the change in yield, approximates the 
expected percentage change in price.

However, using duration to estimate price changes 
assumes a linear relationship between the change 
in yield and the change in price. In other words, 
the percentage change in price from an increase in 

yield is presumed to be the same as the change in 
price from a decrease in yield.

Price estimates based on duration alone plot 
in a straight line, while convexity draws a 
curved line that turns up from the line based on 
duration (Figure 1).

For example, a 10-year bond with a 4.00% coupon 
and a 3.50% yield would have a price of 104.19 and 
a modified duration of 8.24 years. If interest rates 
rise 1.00%, the price of the bond would be expected 
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Figure 1: Convexity measures the curvature of the 
relationship between bond yields and prices
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Chart calculates the yield and price of a 30-year noncallable bond. These examples are hypothetical and 
in no way intended to represent the performance of any Nuveen investment.
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to fall by 8.24% (1.00% times 8.24 equals 8.24%) 
to an estimated value of 95.61. Likewise, if interest 
rates fall by 1.00%, the price of the bond would be 
expected to rise by 8.24% to 112.77 (Figure 2).

However, the actual prices in each case would be 
slightly higher. The difference between the actual 
price and the predicted price based on duration is a 
function of the bond’s convexity.

Notice that as the yield increases from 3.50% to 
4.50%, the duration shortens from 8.24 to 8.12, 
while a decline in yield lengthens duration from 
8.24 to 8.35. In other words, the price becomes 
more volatile when moving higher, and less 
volatile when moving lower. Thus, the bond has 
more upside than downside potential for the same 
change in interest rates, which is precisely what 
convexity quantifies.

HOW DOES CONVEXITY RELATE TO 
DURATION?

Duration estimates the rate of change in price for a 
given change in yield, while convexity corresponds 
to the rate of change in duration (i.e., a rate of 
change in a rate of change). Using duration is like 
estimating the distance a car will travel if going at 
a constant speed; using convexity is like estimating 
the distance traveled by a car that is accelerating.

We can estimate the convexity expressed as a 
percentage change in price using the following 
formula to compute how much the increase in price 
exceeds the decrease in price:

RisingPrice + FallingPrice – (2 * StartingPrice)
StartingPrice * 2

In our example, the formula becomes:

113.20 + 96.01 – (2 * 104.19)
104.19 * 2

= 209.21 – 208.38
208.38

= 0.8321
208.38

= 0.3993%

Multiplying 0.3993% by the dollar price of 104.19 
gives a change in price of 0.42 due to convexity. 
Since we estimated convexity based on a 1.00% 
change in yield, and since duration provides an 
estimate of the percentage change in price resulting 
from a 1.00% change in yield, we can add the 
changes in price due to duration and convexity to 
estimate the bond’s change in price more closely.

WHAT ABOUT CALLABLE BONDS?

For noncallable bonds, which cannot be redeemed 
prior to their stated maturity, using modified 
duration for our calculations was sufficient. 
However, callable bonds require using effective 
duration, which weighs the probability of a 
bond being called.

Many callable bonds have negative convexity, 
especially those priced near par. Their upside 
potential is limited by the issuer’s ability to redeem 
the bonds and refinance at a lower interest rate.

In our example, if the 10-year bond with a 4.00% 
coupon could be called in five years, it would 
initially be priced to the call date at 102.28. An 
increase in yield from 3.50% to 4.50% would cause 

Figure 2: Using modified duration to estimate 
bond prices

Assume a 10-year bond with a 4.00% coupon issued 
at a 3.50% yield

Yield change: 1.00%

Coupon Yield
Modified 
duration

Estimated 
price from 
duration

Actual 
price

4.00% 3.50% 8.24 104.19

4.00% 4.50% 8.12 95.61 96.01

4.00% 2.50% 8.35 112.77 113.20

Figure 3: Combining price estimates from duration 
and convexity

Estimated price 
from duration

Price change 
due to convexity

Estimated price 
from duration 
and convexity

Actual 
price

95.61 + 0.42 = 96.03 96.01

112.77 + 0.42 = 113.19 113.20
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the value to drop by -6.13% to 96.01, as the bond 
would then be priced to maturity. A decline in 
yield to 2.50% would only increase the price by 
4.63% to 107.01.

107.01 + 96.01 – (2 * 102.28)
102.28 * 2

= 203.02 – 204.56
204.56

= -1.532
204.56

= -0.75%

In the municipal bond market, many bonds were 
originally issued as premium bonds with high 
coupon rates, which reduces the likelihood that 
interest rates would rise to the point that the bonds 
would no longer be called.

At the end of September 2023, 60% of the market 
value of the Standard & Poor’s Municipal Bond 
Index consisted of bonds with coupon rates 

between 5.00% and 5.50%. From 31 Aug 2022 to 
29 Sep 2023, the average yield of the index climbed 
from 3.38% to 4.44%, and the average dollar price 
fell by more than $4.50.

The recent increase in interest rates has decreased 
the probability that the bonds would be called, 
thereby lengthening the bonds’ effective duration. 
In addition, the convexity of many bonds became 
negative as the prices of bonds dropped from well 
above par to close to par.

MEASURES OF CONVEXITY REFINE 
THE CALCULATION

While duration is useful for estimating how volatile 
the price of a bond will be in response to changing 
interest rates, measures of convexity refine the 
calculation to provide a closer estimate to the 
actual price. In the case of callable bonds, convexity 
can indicate the extent to which the call option 
disadvantages the bondholder.

While duration is useful for estimating how 
volatile the price of a bond will be in response 
to changing interest rates, convexity refines 
the calculation. 
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WHAT IF YIELDS CHANGE MORE/LESS 
THAN 1.00%?

In our example, we shifted yields by 1.00% to 
estimate convexity. This resulted in a number 
comparable to duration, a measure that also 
predicts how prices would change if yields 
shift by 1.00%.

Convexity can also be estimated using smaller 
yield changes. As we noted, a 10-year bond with 
a 4.00% coupon and a 3.50% yield would have a 
price of 104.19 and a modified duration of 8.24 
years. If interest rates rise by 0.25%, the price of 
the bond would be expected to fall by 2.06% (0.25% 
times 8.24 equals 2.06%). The estimated value of 
the bond would decline by 1.0206 times 104.19, 
or 102.04. If interest rates fell by 0.25%, the value 
would increase by 2.06% to 106.33.

We can estimate the convexity expressed as a 
percentage change in price by using the formula we 
used for a 1.00% change in yield:

106.36 + 102.07 – (2 * 104.19)
104.19 * 2

= 208.43 – 208.38
208.38

= 0.05
208.38

= 0.024%

To express convexity so that it is consistent with the 
way duration is expressed based on a 1.00% change 
in yield, we must modify the formula to include a 
factor that will adjust our estimate to reflect the 
change in price due to a 1% change in yield. In the 
denominator, we include the square of the ratio 
between the number of basis points by which we 
changed the yield and 100 or (BPShift/100)^2.

RisingPrice + FallingPrice – (2 * StartingPrice)
StartingPrice * (BPShift/100)̂ 2* 2

In our example,

106.36 + 102.07 – (2 * 104.19)
104.19 *(25/100)̂ 2* 2

= 208.43 – 208.38
104.19*0.0625*2

= 0.052
13.02

= 0.3990%

If we start with convexity and want to estimate 
the change in price for a change in yield other 
than 1.00%, we must first multiply the convexity 
by (BPShift/100)^2, which in the case of a shift 
of 25 basis points (0.25%) would be 0.0625 x 
0.3990% = 0.025%. This is roughly what we found 
in our original estimate based on changing yields 
by 0.25%. (The ratio of 1.00% to 0.25% is 4; the 
inverse of 0.0625 is 16 or 4^2. The ratio of 0.3990 
to 0.025 is also 16.)

Figure 4: Calculating convexity using smaller 
yield changes

Assume a 10-year bond with a 4.00% coupon issued 
at a 3.50% yield

Yield change: 0.25%

Coupon Yield
Modified 
duration

Estimated 
price

Actual 
price

4.00% 3.50% 8.24 104.19

4.00% 3.75% 8.21 102.04 102.07

4.00% 3.25% 8.27 106.33 106.36

APPENDIX

Convexity can also be estimated using 
smaller yield changes.
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For more information, please visit nuveen.com.

Endnotes
This material is not intended to be a recommendation or investment advice, does not constitute a solicitation to buy, sell or hold a security or an investment strategy, and is not 
provided in a fiduciary capacity. The information provided does not take into account the specific objectives or circumstances of any particular investor, or suggest any specific 
course of action. Investment decisions should be made based on an investor’s objectives and circumstances and in consultation with his or her financial professionals.
The views and opinions expressed are for informational and educational purposes only as of the date of production/writing and may change without notice at any time based on 
numerous factors, such as market or other conditions, legal and regulatory developments, additional risks and uncertainties and may not come to pass. This material may contain 
“forward-looking” information that is not purely historical in nature. Such information may include, among other things, projections, forecasts, estimates of market returns, and 
proposed or expected portfolio composition. Any changes to assumptions that may have been made in preparing this material could have a material impact on the information 
presented herein by way of example. Performance data shown represents past performance and does not predict or guarantee future results. Investing involves risk; 
principal loss is possible.
All information has been obtained from sources believed to be reliable, but its accuracy is not guaranteed. There is no representation or warranty as to the current accuracy, reliability 
or completeness of, nor liability for, decisions based on such information and it should not be relied on as such. For term definitions and index descriptions, please access the 
glossary on nuveen.com. Please note, it is not possible to invest directly in an index.

Important information on risk
Investing involves risk; principal loss is possible. Investing in municipal bonds involves risks such as interest rate risk, credit risk and market risk. The value of the portfolio will 
fluctuate based on the value of the underlying securities. There are special risks associated with investments in high yield bonds, hedging activities and the potential use of leverage. 
Portfolios that include lower rated municipal bonds, commonly referred to as “high yield” or “junk” bonds, which are considered to be speculative, the credit and investment risk 
is heightened for the portfolio. Bond insurance guarantees only the payment of principal and interest on the bond when due, and not the value of the bonds themselves, which will 
fluctuate with the bond market and the financial success of the issuer and the insurer. No representation is made as to an insurer’s ability to meet their commitments.
This information should not replace an investor’s consultation with a professional advisor regarding their tax situation. Nuveen Asset Management is not a tax advisor. Investors 
should contact a tax professional regarding the suitability of tax-exempt investments in their portfolio. If sold prior to maturity, municipal securities are subject to gain/losses based 
on the level of interest rates, market conditions and the credit quality of the issuer. Income may be subject to the alternative minimum tax (AMT) and/or state and local taxes, based 
on the state of residence. Income from municipal bonds held by a portfolio could be declared taxable because of unfavorable changes in tax laws, adverse interpretations by the 
Internal Revenue Service or state tax authorities, or noncompliant conduct of a bond issuer. It is important to review your investment objectives, risk tolerance and liquidity needs 
before choosing an investment style or manager.
Nuveen, LLC provides investment solutions through its investment specialists.
This information does not constitute investment research as defined under MiFID.
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