
Sean Klein 
Executive Vice President 
Quantitative Research Analyst

Asset Allocation for Retirement 
Income: A Framework for 
Income-Oriented Investors

INTRODUCTION

By far, the most common strategy retirees use 
is to anchor their spending to their income. 
Fixed income assets generally provide a higher 
level of current income than equities, but 
without a clear prospect for long-run income 
growth. For those willing to tolerate higher 
volatility, dividend-paying equities offer a 
modest current level of income and tantalize 
with the prospect of future capital gains and 
income growth, which can be accretive to 
future wealth. This paper addresses the very 
different income and wealth properties of 
bonds and equities, and shows how one may 
consider using this information to build 
income-oriented portfolios. We accomplish 
this in three ways. First, we characterize the 
income-wealth trade-offs faced by an investor 
in a bond fund and in dividend-paying equities 
algebraically, using simple valuation models. 
Second, we show the historical performance 
of stocks and bonds in the United States, and 
how the real-world income behavior mimics 
that of our simple models. Finally, we apply 
forward-looking capital market assumptions in 

a simulation framework to inform relevant 
income and wealth trade-offs for today’s 
income-oriented investors. 

A MODEL FOR BOND INCOME

Consider an investor who holds a par bond 
with a yield at time t given by 
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forward-looking capital market assumptions in a simulation framework to inform relevant income and 
wealth trade-offs for today’s income-oriented investors.  
 
A model for bond income 
Consider an investor who holds a par bond with a yield at time 𝑡𝑡 given by 𝑦𝑦𝑡𝑡𝑃𝑃𝑃𝑃𝑃𝑃. Absent default, an 
investment held to maturity (ignoring issues such as reinvestment risk) will produce 𝑉𝑉𝑡𝑡𝑦𝑦𝑡𝑡𝑃𝑃𝑃𝑃𝑃𝑃 in annual 
dollar income, where 𝑉𝑉𝑡𝑡  is the investor’s initial portfolio value. It is unlikely that 𝑦𝑦𝑡𝑡𝑃𝑃𝑃𝑃𝑃𝑃 will be the 
investor’s future income, however. Most retail investors invest in bonds through funds rather than via a 
direct holding of the underlying securities, which are typically regularly rebalanced to specific targets so 
that their risk and return characteristics do not drift too far from the bond fund benchmarks over time. 
This means that changes in the portfolio value will gradually be rebalanced to then-prevailing market 
yields. It is thus the interaction of those future yields and the portfolio’s valuation changes that affect 
the future income of most bond investors.  
  

. Absent 
default, an investment held to maturity 
(ignoring issues such as reinvestment risk) will 
produce 
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 in annual dollar income, where 
Vt is the investor’s initial portfolio value. It is 
unlikely that 
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 will be the investor’s future 
income, however. Most retail investors invest 
in bonds through funds rather than via a direct 
holding of the underlying securities, which are 
typically regularly rebalanced to specific 
targets so that their risk and return 
characteristics do not drift too far from the 
bond fund benchmarks over time. This means 
that changes in the portfolio value will 
gradually be rebalanced to prevailing market 
yields. It is thus the interaction of those future 
yields and the portfolio’s valuation changes 
that affect the future income of most  
bond investors. 
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Portfolio duration is the key driver of the risk and return of an 
income-based investor. We can see this most clearly in a 
simple model. Assume an investor invests $1 at time t in an 
income-producing par bond portfolio with modified duration Dt 
and yielding 
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. One period from now, a new yield for the 
bond portfolio will materialize, yt+1, which produces a new 
portfolio value, Vt+1. The new portfolio value can be 
approximated using the portfolio’s duration and the changes in 
yield as

Portfolio duration is the key driver of the risk and return of an income-based investor. We can see this 
most clearly in a simple mathematical model. Assume an investor invests $1 at time 𝑡𝑡 in an income-
producing par bond portfolio with modified duration 𝐷𝐷𝑡𝑡 and yielding 𝑦𝑦𝑡𝑡

𝑃𝑃𝑃𝑃𝑃𝑃. One period from now, a new 
yield for the bond portfolio will materialize, 𝑦𝑦𝑡𝑡+1 , which produces a new portfolio value, 𝑉𝑉𝑡𝑡+1 . The new 
portfolio value can be approximated using the portfolio’s duration and the changes in yield as: 

 
 𝑉𝑉𝑡𝑡 +1 = 1 − 𝐷𝐷𝑡𝑡(𝑦𝑦𝑡𝑡+1 − 𝑦𝑦𝑡𝑡

𝑃𝑃𝑃𝑃𝑃𝑃 ) (1) 
 

At time 𝑡𝑡 + 1, we assume the investor’s bond portfolio is rebalanced to its original maturity, which is of 
course priced at new prevailing yields. Given their portfolio’s value of 𝑉𝑉𝑡𝑡+1, a new par bond with yield 
𝑦𝑦𝑡𝑡+1

𝑃𝑃𝑃𝑃𝑃𝑃 will produce portfolio income of 𝐼𝐼𝑡𝑡+1 =  𝑉𝑉𝑡𝑡 +1𝑦𝑦𝑡𝑡+1
𝑃𝑃𝑃𝑃𝑃𝑃. Substituting the right hand side of this 

expression into the left hand side (1), we can express portfolio income in the next period as 
 

 𝐼𝐼𝑡𝑡+1 = [1 − 𝐷𝐷(𝑦𝑦𝑡𝑡+1 − 𝑦𝑦𝑡𝑡
𝑃𝑃𝑃𝑃𝑃𝑃 )]𝑦𝑦𝑡𝑡+1

𝑃𝑃𝑃𝑃𝑃𝑃. (2) 
 

Already, Equation 2 can provide insight into the primary drivers of bond portfolio income. The term in 
brackets in Equation 2 is a weighting term that determines how much of the new market yield is “passed 
through” to realized portfolio income. Consider the case of the simplest security, a floating rate note 
(“floater”). Floaters have close to zero duration since their coupons move directly with market yields. If 
we plug in 𝐷𝐷 = 0 to Equation 2, we immediately recover 𝑦𝑦𝑡𝑡+1

𝑝𝑝 = 𝑦𝑦𝑡𝑡+1
𝑃𝑃𝑃𝑃𝑃𝑃 . In other words, a portfolio of 

floaters produces an income level that is equal to the prevailing market yield; if yields rise, portfolio 
income rises and if income falls, portfolio income declines. Conversely, when portfolio duration is non-
zero, this means that changes in market rates only partially flow through to portfolio income, with 
higher levels of duration producing lower levels of income “pass through”. Effectively, higher duration 
exposure acts as a “countervailing force” to yield changes, leading to smaller increases in portfolio 
income in the presence of yield increases and vice versa. Thus, duration is the primary mechanism for 
seeking to produce income stability in a rebalancing fixed income strategy. 

Longer duration, of course, produces higher price volatility, all else equal. In the context of portfolio 
income generation, however, longer duration produces lower income volatility. A floater, for example, 
produces very little portfolio volatility, but can produce significant portfolio income volatility as market 
yield changes immediately flow through to the portfolio yields. On the other hand, a long duration 
investment will generally produce a higher level of income stability alongside a wider range of portfolio 
values. Therefore, bond investors face an inherent trade-off between price stability and income stability, 
with the duration decision determining where the investor lies on this continuum.  

The linear, duration-based, approximation in Equation 2 is useful for building intuition about the drivers 
of portfolio income and income stability, but is not appropriate for large changes in market yields. To 
better formalize the relationship between bond yields and income, we replace the duration 
approximation with a complete expression for bond prices. For a simple annual coupon bond paying 
some positive yield 𝑦𝑦𝑡𝑡 , the price at time 𝑡𝑡 will be given by 
 
                                                             
1 Zero- or negative-yielding bonds lead to similar conclusions, but different expressions, as they lack intermediate 
coupon payments or have terminal payments that differ from the fa ce values, or both. 
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produces very little portfolio volatility, but can produce significant portfolio income volatility as market 
yield changes immediately flow through to the portfolio yields. On the other hand, a long duration 
investment will generally produce a higher level of income stability alongside a wider range of portfolio 
values. Therefore, bond investors face an inherent trade-off between price stability and income stability, 
with the duration decision determining where the investor lies on this continuum.  

The linear, duration-based, approximation in Equation 2 is useful for building intuition about the drivers 
of portfolio income and income stability, but is not appropriate for large changes in market yields. To 
better formalize the relationship between bond yields and income, we replace the duration 
approximation with a complete expression for bond prices. For a simple annual coupon bond paying 
some positive yield 𝑦𝑦𝑡𝑡 , the price at time 𝑡𝑡 will be given by 
 
                                                             
1 Zero- or negative-yielding bonds lead to similar conclusions, but different expressions, as they lack intermediate 
coupon payments or have terminal payments that differ from the fa ce values, or both. 

. Substituting the right-hand side of this 
expression for the left-hand side (1), we can express portfolio 
income in the next period as

Portfolio duration is the key driver of the risk and return of an income-based investor. We can see this 
most clearly in a simple mathematical model. Assume an investor invests $1 at time 𝑡𝑡 in an income-
producing par bond portfolio with modified duration 𝐷𝐷𝑡𝑡 and yielding 𝑦𝑦𝑡𝑡

𝑃𝑃𝑃𝑃𝑃𝑃. One period from now, a new 
yield for the bond portfolio will materialize, 𝑦𝑦𝑡𝑡+1 , which produces a new portfolio value, 𝑉𝑉𝑡𝑡+1 . The new 
portfolio value can be approximated using the portfolio’s duration and the changes in yield as: 

 
 𝑉𝑉𝑡𝑡 +1 = 1 − 𝐷𝐷𝑡𝑡(𝑦𝑦𝑡𝑡+1 − 𝑦𝑦𝑡𝑡

𝑃𝑃𝑃𝑃𝑃𝑃 ) (1) 
 

At time 𝑡𝑡 + 1, we assume the investor’s bond portfolio is rebalanced to its original maturity, which is of 
course priced at new prevailing yields. Given their portfolio’s value of 𝑉𝑉𝑡𝑡+1, a new par bond with yield 
𝑦𝑦𝑡𝑡+1

𝑃𝑃𝑃𝑃𝑃𝑃 will produce portfolio income of 𝐼𝐼𝑡𝑡+1 =  𝑉𝑉𝑡𝑡 +1𝑦𝑦𝑡𝑡+1
𝑃𝑃𝑃𝑃𝑃𝑃. Substituting the right hand side of this 

expression into the left hand side (1), we can express portfolio income in the next period as 
 

 𝐼𝐼𝑡𝑡+1 = [1 − 𝐷𝐷(𝑦𝑦𝑡𝑡+1 − 𝑦𝑦𝑡𝑡
𝑃𝑃𝑃𝑃𝑃𝑃 )]𝑦𝑦𝑡𝑡+1

𝑃𝑃𝑃𝑃𝑃𝑃. (2) 
 

Already, Equation 2 can provide insight into the primary drivers of bond portfolio income. The term in 
brackets in Equation 2 is a weighting term that determines how much of the new market yield is “passed 
through” to realized portfolio income. Consider the case of the simplest security, a floating rate note 
(“floater”). Floaters have close to zero duration since their coupons move directly with market yields. If 
we plug in 𝐷𝐷 = 0 to Equation 2, we immediately recover 𝑦𝑦𝑡𝑡+1

𝑝𝑝 = 𝑦𝑦𝑡𝑡+1
𝑃𝑃𝑃𝑃𝑃𝑃 . In other words, a portfolio of 

floaters produces an income level that is equal to the prevailing market yield; if yields rise, portfolio 
income rises and if income falls, portfolio income declines. Conversely, when portfolio duration is non-
zero, this means that changes in market rates only partially flow through to portfolio income, with 
higher levels of duration producing lower levels of income “pass through”. Effectively, higher duration 
exposure acts as a “countervailing force” to yield changes, leading to smaller increases in portfolio 
income in the presence of yield increases and vice versa. Thus, duration is the primary mechanism for 
seeking to produce income stability in a rebalancing fixed income strategy. 

Longer duration, of course, produces higher price volatility, all else equal. In the context of portfolio 
income generation, however, longer duration produces lower income volatility. A floater, for example, 
produces very little portfolio volatility, but can produce significant portfolio income volatility as market 
yield changes immediately flow through to the portfolio yields. On the other hand, a long duration 
investment will generally produce a higher level of income stability alongside a wider range of portfolio 
values. Therefore, bond investors face an inherent trade-off between price stability and income stability, 
with the duration decision determining where the investor lies on this continuum.  

The linear, duration-based, approximation in Equation 2 is useful for building intuition about the drivers 
of portfolio income and income stability, but is not appropriate for large changes in market yields. To 
better formalize the relationship between bond yields and income, we replace the duration 
approximation with a complete expression for bond prices. For a simple annual coupon bond paying 
some positive yield 𝑦𝑦𝑡𝑡 , the price at time 𝑡𝑡 will be given by 
 
                                                             
1 Zero- or negative-yielding bonds lead to similar conclusions, but different expressions, as they lack intermediate 
coupon payments or have terminal payments that differ from the fa ce values, or both. 

(2)

Already, Equation 2 can provide insight into the primary drivers 
of bond portfolio income. The term in brackets in Equation 2 is 
a weighting term that determines how much of the new market 
yield is “passed through” to realized portfolio income. Consider 
the case of the simplest security, a floating-rate note (“floater”). 
Floaters have close to zero duration since their coupons move 
directly with market yields. If we plug in D = 0 to Equation 2, we 
recover 

Portfolio duration is the key driver of the risk and return of an income-based investor. We can see this 
most clearly in a simple mathematical model. Assume an investor invests $1 at time 𝑡𝑡 in an income-
producing par bond portfolio with modified duration 𝐷𝐷𝑡𝑡 and yielding 𝑦𝑦𝑡𝑡

𝑃𝑃𝑃𝑃𝑃𝑃. One period from now, a new 
yield for the bond portfolio will materialize, 𝑦𝑦𝑡𝑡+1 , which produces a new portfolio value, 𝑉𝑉𝑡𝑡+1 . The new 
portfolio value can be approximated using the portfolio’s duration and the changes in yield as: 

 
 𝑉𝑉𝑡𝑡 +1 = 1 − 𝐷𝐷𝑡𝑡(𝑦𝑦𝑡𝑡+1 − 𝑦𝑦𝑡𝑡

𝑃𝑃𝑃𝑃𝑃𝑃 ) (1) 
 

At time 𝑡𝑡 + 1, we assume the investor’s bond portfolio is rebalanced to its original maturity, which is of 
course priced at new prevailing yields. Given their portfolio’s value of 𝑉𝑉𝑡𝑡+1, a new par bond with yield 
𝑦𝑦𝑡𝑡+1

𝑃𝑃𝑃𝑃𝑃𝑃 will produce portfolio income of 𝐼𝐼𝑡𝑡+1 =  𝑉𝑉𝑡𝑡 +1𝑦𝑦𝑡𝑡+1
𝑃𝑃𝑃𝑃𝑃𝑃. Substituting the right hand side of this 

expression into the left hand side (1), we can express portfolio income in the next period as 
 

 𝐼𝐼𝑡𝑡+1 = [1 − 𝐷𝐷(𝑦𝑦𝑡𝑡+1 − 𝑦𝑦𝑡𝑡
𝑃𝑃𝑃𝑃𝑃𝑃 )]𝑦𝑦𝑡𝑡+1

𝑃𝑃𝑃𝑃𝑃𝑃. (2) 
 

Already, Equation 2 can provide insight into the primary drivers of bond portfolio income. The term in 
brackets in Equation 2 is a weighting term that determines how much of the new market yield is “passed 
through” to realized portfolio income. Consider the case of the simplest security, a floating rate note 
(“floater”). Floaters have close to zero duration since their coupons move directly with market yields. If 
we plug in 𝐷𝐷 = 0 to Equation 2, we immediately recover 𝑦𝑦𝑡𝑡+1

𝑝𝑝 = 𝑦𝑦𝑡𝑡+1
𝑃𝑃𝑃𝑃𝑃𝑃 . In other words, a portfolio of 

floaters produces an income level that is equal to the prevailing market yield; if yields rise, portfolio 
income rises and if income falls, portfolio income declines. Conversely, when portfolio duration is non-
zero, this means that changes in market rates only partially flow through to portfolio income, with 
higher levels of duration producing lower levels of income “pass through”. Effectively, higher duration 
exposure acts as a “countervailing force” to yield changes, leading to smaller increases in portfolio 
income in the presence of yield increases and vice versa. Thus, duration is the primary mechanism for 
seeking to produce income stability in a rebalancing fixed income strategy. 

Longer duration, of course, produces higher price volatility, all else equal. In the context of portfolio 
income generation, however, longer duration produces lower income volatility. A floater, for example, 
produces very little portfolio volatility, but can produce significant portfolio income volatility as market 
yield changes immediately flow through to the portfolio yields. On the other hand, a long duration 
investment will generally produce a higher level of income stability alongside a wider range of portfolio 
values. Therefore, bond investors face an inherent trade-off between price stability and income stability, 
with the duration decision determining where the investor lies on this continuum.  

The linear, duration-based, approximation in Equation 2 is useful for building intuition about the drivers 
of portfolio income and income stability, but is not appropriate for large changes in market yields. To 
better formalize the relationship between bond yields and income, we replace the duration 
approximation with a complete expression for bond prices. For a simple annual coupon bond paying 
some positive yield 𝑦𝑦𝑡𝑡 , the price at time 𝑡𝑡 will be given by 
 
                                                             
1 Zero- or negative-yielding bonds lead to similar conclusions, but different expressions, as they lack intermediate 
coupon payments or have terminal payments that differ from the fa ce values, or both. 

. In other words, a portfolio of floaters 
produces an income level that is equal to the prevailing market 
yield; if yields rise, portfolio income rises, and if yields fall , 
portfolio income declines. Conversely, when portfolio duration 
is nonzero, this means that changes in market rates only 
partially flow through to portfolio income, with higher levels of 
duration producing lower levels of income “pass through.” 
Effectively, higher duration exposure acts as a “countervailing 
force” to yield changes, leading to smaller increases in portfolio 
income in the presence of yield increases, and vice versa. Thus, 
duration is the primary mechanism for seeking to produce 
income stability in a rebalancing fixed income strategy.

Longer duration, of course, produces higher price volatility, all 
else equal. In the context of portfolio income generation, 
however, longer duration produces lower income volatility.  
A floater, for example, produces very little portfolio volatility but 
can produce significant portfolio income volatility, as market 
yield changes immediately flow through to the portfolio yields. 
On the other hand, a long-duration investment will generally 
produce a higher level of income stability alongside a wider 
range of portfolio values. Therefore, bond investors face an 
inherent trade-off between price stability and income stability, 
with the duration decision determining where the investor lies 
on this continuum. 

The linear, duration-based approximation in Equation 2 is useful 
for building intuition about the drivers of portfolio income and 
income stability but is not appropriate for large changes in 
market yields. To better formalize the relationship between 
bond yields and income, we replace the duration approximation 
with a complete expression for bond prices. For a simple 
annual coupon bond paying some positive yield yt

1, the price at 
time t will be given by

 𝑃𝑃𝑡𝑡 = 𝐶𝐶𝑡𝑡 [
1−(1+𝑦𝑦𝑡𝑡)−𝑇𝑇

𝑦𝑦𝑡𝑡
] + 𝐹𝐹𝐹𝐹(1+ 𝑦𝑦𝑡𝑡)−𝑇𝑇, (3) 

 

where 𝐶𝐶𝑡𝑡 is the bond coupon, 𝑇𝑇 is the years to maturity, 𝑦𝑦𝑡𝑡  is the prevailing bond yield at time 𝑡𝑡, and 𝐹𝐹𝐹𝐹 
is the face value of the bond. We assume the investor starts out holding a par bond, and therefore can 
simplify (3) by normalizing the terminal payment and initial price as 𝐹𝐹𝐹𝐹 = 𝑃𝑃𝑡𝑡 = 1 as well as the annual 
coupon payment with 𝐶𝐶𝑡𝑡 = 𝑦𝑦𝑡𝑡 .  

Therefore at time 𝑡𝑡 + 1, the bond’s new price will be given by: 

 𝑃𝑃𝑡𝑡+1 =
𝑦𝑦𝑡𝑡𝑃𝑃𝑃𝑃𝑃𝑃

𝑦𝑦𝑡𝑡+1
[1− (1 + 𝑦𝑦𝑡𝑡+1)−(𝑇𝑇−1)]+ (1 + 𝑦𝑦𝑡𝑡+1)−(𝑇𝑇−1), (4) 

 

where 𝑦𝑦𝑡𝑡+1 is the bond’s yield in the next period, although not necessarily a par yield. At time 𝑡𝑡 + 1, we 
assume that the investor rebalances into a new par bond. Thus, the investor sells the existing bond at 
price 𝑃𝑃𝑡𝑡+1, and rebalances into a new par bond with yield 𝑦𝑦𝑡𝑡+1𝑃𝑃𝑃𝑃𝑃𝑃. After rebalancing, the new portfolio 
income will be given by 𝐼𝐼𝑡𝑡+1𝐵𝐵 = 𝑃𝑃𝑡𝑡+1𝑦𝑦𝑡𝑡+1𝑃𝑃𝑃𝑃𝑃𝑃. Hence, income in the next period can be expressed as: 

 𝐼𝐼𝑡𝑡+1𝐵𝐵 = 𝑦𝑦𝑡𝑡+1𝑃𝑃𝑃𝑃𝑃𝑃 [𝑦𝑦𝑡𝑡
𝑃𝑃𝑃𝑃𝑃𝑃

𝑦𝑦𝑡𝑡+1
+ 1

(1+𝑦𝑦𝑡𝑡+1)(𝑇𝑇−1) (1 −
𝑦𝑦𝑡𝑡𝑃𝑃𝑃𝑃𝑃𝑃

𝑦𝑦𝑡𝑡+1
)]. (5) 

 

The term 1 (1+ 𝑦𝑦𝑡𝑡+1)(𝑇𝑇−1)⁄  in Equation 5 captures the portfolio’s income sensitivity to yield changes 
and shows that changes in yields affect bond portfolio income inversely to the bond’s maturity, with 
longer maturity bonds (and to a lesser degree, bonds with higher yields) exhibiting greater income 
stability.2 Importantly, this term has a different sign for price impacts than for income: While income 
stability in Equation 5 is increasing in 𝑇𝑇, price stability in Equation 4 is decreasing in 𝑇𝑇. This negative 
relationship between prices and income helps compensate fixed income-oriented investors for changes 
in market yields.  

  

                                                             
2 It is important to emphasize the notion of all else equal when describing higher-yielding bonds as exhibiting 
greater income stability. While Equation 5 shows that higher bond yields produce greater income stability by 
lessening the impact of changes in market yields, it is usually the case that higher-yielding bonds generally exhibit 
greater yield volatility, particularly if their higher yield comes from additional credit risk.  

(3)

where Ct is the bond coupon, T is the years to maturity, yt is the 
prevailing bond yield at time t, and FV is the face value of the 
bond. We assume the investor starts out holding a par bond, 
and therefore can simplify Equation 3 by normalizing the 
terminal payment and initial price as FV = Pt = 1 as well as the 
annual coupon payment with Ct = yt. 

Therefore, at time t+1, the bond’s new price will be given by

 𝑃𝑃𝑡𝑡 = 𝐶𝐶𝑡𝑡 [
1−(1+𝑦𝑦𝑡𝑡)−𝑇𝑇

𝑦𝑦𝑡𝑡
] + 𝐹𝐹𝐹𝐹(1+ 𝑦𝑦𝑡𝑡)−𝑇𝑇, (3) 

 

where 𝐶𝐶𝑡𝑡 is the bond coupon, 𝑇𝑇 is the years to maturity, 𝑦𝑦𝑡𝑡  is the prevailing bond yield at time 𝑡𝑡, and 𝐹𝐹𝐹𝐹 
is the face value of the bond. We assume the investor starts out holding a par bond, and therefore can 
simplify (3) by normalizing the terminal payment and initial price as 𝐹𝐹𝐹𝐹 = 𝑃𝑃𝑡𝑡 = 1 as well as the annual 
coupon payment with 𝐶𝐶𝑡𝑡 = 𝑦𝑦𝑡𝑡 .  

Therefore at time 𝑡𝑡 + 1, the bond’s new price will be given by: 

 𝑃𝑃𝑡𝑡+1 =
𝑦𝑦𝑡𝑡𝑃𝑃𝑃𝑃𝑃𝑃

𝑦𝑦𝑡𝑡+1
[1− (1 + 𝑦𝑦𝑡𝑡+1)−(𝑇𝑇−1)]+ (1 + 𝑦𝑦𝑡𝑡+1)−(𝑇𝑇−1), (4) 

 

where 𝑦𝑦𝑡𝑡+1 is the bond’s yield in the next period, although not necessarily a par yield. At time 𝑡𝑡 + 1, we 
assume that the investor rebalances into a new par bond. Thus, the investor sells the existing bond at 
price 𝑃𝑃𝑡𝑡+1, and rebalances into a new par bond with yield 𝑦𝑦𝑡𝑡+1𝑃𝑃𝑃𝑃𝑃𝑃. After rebalancing, the new portfolio 
income will be given by 𝐼𝐼𝑡𝑡+1𝐵𝐵 = 𝑃𝑃𝑡𝑡+1𝑦𝑦𝑡𝑡+1𝑃𝑃𝑃𝑃𝑃𝑃. Hence, income in the next period can be expressed as: 

 𝐼𝐼𝑡𝑡+1𝐵𝐵 = 𝑦𝑦𝑡𝑡+1𝑃𝑃𝑃𝑃𝑃𝑃 [𝑦𝑦𝑡𝑡
𝑃𝑃𝑃𝑃𝑃𝑃
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+ 1

(1+𝑦𝑦𝑡𝑡+1)(𝑇𝑇−1) (1 −
𝑦𝑦𝑡𝑡𝑃𝑃𝑃𝑃𝑃𝑃

𝑦𝑦𝑡𝑡+1
)]. (5) 

 

The term 1 (1+ 𝑦𝑦𝑡𝑡+1)(𝑇𝑇−1)⁄  in Equation 5 captures the portfolio’s income sensitivity to yield changes 
and shows that changes in yields affect bond portfolio income inversely to the bond’s maturity, with 
longer maturity bonds (and to a lesser degree, bonds with higher yields) exhibiting greater income 
stability.2 Importantly, this term has a different sign for price impacts than for income: While income 
stability in Equation 5 is increasing in 𝑇𝑇, price stability in Equation 4 is decreasing in 𝑇𝑇. This negative 
relationship between prices and income helps compensate fixed income-oriented investors for changes 
in market yields.  

  

                                                             
2 It is important to emphasize the notion of all else equal when describing higher-yielding bonds as exhibiting 
greater income stability. While Equation 5 shows that higher bond yields produce greater income stability by 
lessening the impact of changes in market yields, it is usually the case that higher-yielding bonds generally exhibit 
greater yield volatility, particularly if their higher yield comes from additional credit risk.  

(4)

where yt+1 is the bond’s yield in the next period, although not 
necessarily a par yield. At time t+1, we assume that the investor 
rebalances into a new par bond. Thus, the investor sells the 
existing bond at price Pt+1 and rebalances into a new par bond 
with yield 

Portfolio duration is the key driver of the risk and return of an income-based investor. We can see this 
most clearly in a simple mathematical model. Assume an investor invests $1 at time 𝑡𝑡 in an income-
producing par bond portfolio with modified duration 𝐷𝐷𝑡𝑡 and yielding 𝑦𝑦𝑡𝑡

𝑃𝑃𝑃𝑃𝑃𝑃. One period from now, a new 
yield for the bond portfolio will materialize, 𝑦𝑦𝑡𝑡+1 , which produces a new portfolio value, 𝑉𝑉𝑡𝑡+1 . The new 
portfolio value can be approximated using the portfolio’s duration and the changes in yield as: 

 
 𝑉𝑉𝑡𝑡 +1 = 1 − 𝐷𝐷𝑡𝑡(𝑦𝑦𝑡𝑡+1 − 𝑦𝑦𝑡𝑡

𝑃𝑃𝑃𝑃𝑃𝑃 ) (1) 
 

At time 𝑡𝑡 + 1, we assume the investor’s bond portfolio is rebalanced to its original maturity, which is of 
course priced at new prevailing yields. Given their portfolio’s value of 𝑉𝑉𝑡𝑡+1, a new par bond with yield 
𝑦𝑦𝑡𝑡+1

𝑃𝑃𝑃𝑃𝑃𝑃 will produce portfolio income of 𝐼𝐼𝑡𝑡+1 =  𝑉𝑉𝑡𝑡 +1𝑦𝑦𝑡𝑡+1
𝑃𝑃𝑃𝑃𝑃𝑃. Substituting the right hand side of this 

expression into the left hand side (1), we can express portfolio income in the next period as 
 

 𝐼𝐼𝑡𝑡+1 = [1 − 𝐷𝐷(𝑦𝑦𝑡𝑡+1 − 𝑦𝑦𝑡𝑡
𝑃𝑃𝑃𝑃𝑃𝑃 )]𝑦𝑦𝑡𝑡+1

𝑃𝑃𝑃𝑃𝑃𝑃. (2) 
 

Already, Equation 2 can provide insight into the primary drivers of bond portfolio income. The term in 
brackets in Equation 2 is a weighting term that determines how much of the new market yield is “passed 
through” to realized portfolio income. Consider the case of the simplest security, a floating rate note 
(“floater”). Floaters have close to zero duration since their coupons move directly with market yields. If 
we plug in 𝐷𝐷 = 0 to Equation 2, we immediately recover 𝑦𝑦𝑡𝑡+1

𝑝𝑝 = 𝑦𝑦𝑡𝑡+1
𝑃𝑃𝑃𝑃𝑃𝑃 . In other words, a portfolio of 

floaters produces an income level that is equal to the prevailing market yield; if yields rise, portfolio 
income rises and if income falls, portfolio income declines. Conversely, when portfolio duration is non-
zero, this means that changes in market rates only partially flow through to portfolio income, with 
higher levels of duration producing lower levels of income “pass through”. Effectively, higher duration 
exposure acts as a “countervailing force” to yield changes, leading to smaller increases in portfolio 
income in the presence of yield increases and vice versa. Thus, duration is the primary mechanism for 
seeking to produce income stability in a rebalancing fixed income strategy. 

Longer duration, of course, produces higher price volatility, all else equal. In the context of portfolio 
income generation, however, longer duration produces lower income volatility. A floater, for example, 
produces very little portfolio volatility, but can produce significant portfolio income volatility as market 
yield changes immediately flow through to the portfolio yields. On the other hand, a long duration 
investment will generally produce a higher level of income stability alongside a wider range of portfolio 
values. Therefore, bond investors face an inherent trade-off between price stability and income stability, 
with the duration decision determining where the investor lies on this continuum.  

The linear, duration-based, approximation in Equation 2 is useful for building intuition about the drivers 
of portfolio income and income stability, but is not appropriate for large changes in market yields. To 
better formalize the relationship between bond yields and income, we replace the duration 
approximation with a complete expression for bond prices. For a simple annual coupon bond paying 
some positive yield 𝑦𝑦𝑡𝑡 , the price at time 𝑡𝑡 will be given by 
 
                                                             
1 Zero- or negative-yielding bonds lead to similar conclusions, but different expressions, as they lack intermediate 
coupon payments or have terminal payments that differ from the fa ce values, or both. 

. After rebalancing, the new portfolio income will 
be given by 

 𝑃𝑃𝑡𝑡 = 𝐶𝐶𝑡𝑡 [
1−(1+𝑦𝑦𝑡𝑡)−𝑇𝑇

𝑦𝑦𝑡𝑡
] + 𝐹𝐹𝐹𝐹(1+ 𝑦𝑦𝑡𝑡)−𝑇𝑇, (3) 

 

where 𝐶𝐶𝑡𝑡 is the bond coupon, 𝑇𝑇 is the years to maturity, 𝑦𝑦𝑡𝑡  is the prevailing bond yield at time 𝑡𝑡, and 𝐹𝐹𝐹𝐹 
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where 𝑦𝑦𝑡𝑡+1 is the bond’s yield in the next period, although not necessarily a par yield. At time 𝑡𝑡 + 1, we 
assume that the investor rebalances into a new par bond. Thus, the investor sells the existing bond at 
price 𝑃𝑃𝑡𝑡+1, and rebalances into a new par bond with yield 𝑦𝑦𝑡𝑡+1𝑃𝑃𝑃𝑃𝑃𝑃. After rebalancing, the new portfolio 
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The term 1 (1+ 𝑦𝑦𝑡𝑡+1)(𝑇𝑇−1)⁄  in Equation 5 captures the portfolio’s income sensitivity to yield changes 
and shows that changes in yields affect bond portfolio income inversely to the bond’s maturity, with 
longer maturity bonds (and to a lesser degree, bonds with higher yields) exhibiting greater income 
stability.2 Importantly, this term has a different sign for price impacts than for income: While income 
stability in Equation 5 is increasing in 𝑇𝑇, price stability in Equation 4 is decreasing in 𝑇𝑇. This negative 
relationship between prices and income helps compensate fixed income-oriented investors for changes 
in market yields.  
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(5)

1	 Zero-	or	negative-yielding	bonds	lead	to	similar	conclusions	but	different	
expressions,	as	they	lack	intermediate	coupon	payments,	have	terminal	
payments	that	differ	from	the	face	values,	or	both.
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changes in yields affect bond portfolio income inversely to the 
bond’s maturity, with longer-maturity bonds (and, to a lesser 
degree, bonds with higher yields) exhibiting greater income 
stability.2 Importantly, this term has a different sign for price 
impacts than for income: While income stability in Equation 5 is 
increasing in T, price stability in Equation 4 is decreasing in T. 
This negative relationship between prices and income helps 
compensate fixed income-oriented investors for changes in 
market yields. 

A MODEL FOR EQUITY INCOME

One of the major differences between investing in fixed income 
– at least, fixed income regularly purchased at par – and 
investing in equities is that equities come with the expectation 
of future capital appreciation and corresponding income 
growth. There are two primary reasons to reasonably expect 
such growth. First, equities earn a risk premium over fixed 
income given their subordinate position in a company’s capital 
structure. And secondly, companies pay only a fraction of their 
income, out in the form of dividends, generally allowing the 
value of the company to grow over time. 

Unfortunately, establishing clear relationships between equity 
dividend yields and future equity income is less clear than we 
found for bonds in the previous section. While there is a strong 
linkage between bond income and yields, there is a significantly 
weaker relationship between equity dividend yields and equity 
income. Dividend payments are variable and directly related to 
the growth and profitability of the underlying companies, an 
additional layer of complexity not generally found with fixed 
income. This difference becomes even more apparent at longer 
time horizons. 

We begin by considering the standard Gordon model for the 
value of an equity security:

A model for equity income 
One of the major differences between investing in fixed income – at least fixed income regularly 
purchased at par - and investing in equities is that equities come with the expectation of future capital 
appreciation and corresponding income growth. There are two primary reasons to reasonably expect 
such growth. First, equities earn a risk premium over fixed income given their subordinate position in a 
company’s capital structure. And secondly, companies pay only a fraction of their income out in the 
form of dividends, generally allowing the value of the company to grow over time.  

Unfortunately, establishing clear relationships between equity dividend yields and future equity income 
is less clear than we found for bonds in the previous section. While there is a strong linkage between 
bond income and yields, there is a significantly weaker relationship between equity dividend yields and 
equity income. Dividend payments are variable and directly related to the growth and profitability of the 
underlying companies, an additional layer of complexity not generally found with fixed income. This 
difference becomes even more apparent at longer time horizons.  
 
We begin by considering the standard Gordon model for the value of an equity security: 
 

 𝑃𝑃𝑡𝑡
𝐸𝐸𝐸𝐸 = 𝐷𝐷𝑡𝑡 (1+𝑔𝑔𝑡𝑡)

𝑘𝑘𝑡𝑡 −𝑔𝑔𝑡𝑡
, (9) 

 
where 𝑃𝑃𝑡𝑡

𝐸𝐸𝐸𝐸  is the price of equity, 𝐷𝐷𝑡𝑡 is the dividend in units of currency, 𝑔𝑔𝑡𝑡 is the dividend growth rate, 
and 𝑘𝑘𝑡𝑡 is the equity discount rate. The forward dividend yield on equity, 𝑑𝑑𝑡𝑡

𝑓𝑓 = 𝐷𝐷𝑡𝑡(1 + 𝑔𝑔𝑡𝑡) 𝑃𝑃𝑡𝑡
𝐸𝐸𝐸𝐸⁄ , can be 

expressed as: 
 𝑑𝑑𝑡𝑡

𝑓𝑓 = 𝑘𝑘𝑡𝑡 − 𝑔𝑔𝑡𝑡. (10) 
 
Equation 10 may give the impression that the equity dividend yield is a simple linear function of discount 
rates. Certainly this is intuitive: When discount rates (𝑘𝑘𝑡𝑡) increase, this depresses equity prices, leading 
to an increase in the dividend yield. Unfortunately, things are not nearly so simple. In practice, all of the 
parameters in the Gordon model can plausibly be expressed as functions of one another. Consider the 
case where dividend growth 𝑔𝑔𝑡𝑡 is related to the equity discount rate 𝑘𝑘𝑡𝑡, so that changes in market-wide 
equity discount rates affect future dividend growth. This would allow us to write (10) as 
 

 𝑑𝑑𝑡𝑡
𝑓𝑓 = 𝑘𝑘𝑡𝑡 − 𝑔𝑔(𝑘𝑘𝑡𝑡). (11) 

 
To maximize intuition, consider the case in which growth is a simple linear function of 𝑘𝑘𝑡𝑡: 𝑔𝑔𝑡𝑡 = 𝛼𝛼𝑘𝑘𝑡𝑡. In 
this expression, the sign and magnitude of 𝛼𝛼 will determine the extent to which changes in the discount 
rate are passed through to future dividends. We show in the appendix that with such a formulation, the 
evolution of the forward equity dividend yield can be expressed as 
 

 𝑑𝑑𝑡𝑡+1
𝑓𝑓 = 𝑑𝑑𝑡𝑡

𝑓𝑓 + (1 − 𝛼𝛼)[𝑘𝑘𝑡𝑡+1 − 𝑘𝑘𝑡𝑡]. (12) 
 
Equation (12) provides intuition behind key drivers of the equity dividend yield: discount rates, earnings 
growth, and the extent to which the two are interconnected. However, the dividend yield is only half the 
story: Income-oriented investors care about the dollar income that their investment produces. To 
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this expression, the sign and magnitude of 𝛼𝛼 will determine the extent to which changes in the discount 
rate are passed through to future dividends. We show in the appendix that with such a formulation, the 
evolution of the forward equity dividend yield can be expressed as 
 

 𝑑𝑑𝑡𝑡+1
𝑓𝑓 = 𝑑𝑑𝑡𝑡

𝑓𝑓 + (1 − 𝛼𝛼)[𝑘𝑘𝑡𝑡+1 − 𝑘𝑘𝑡𝑡]. (12) 
 
Equation (12) provides intuition behind key drivers of the equity dividend yield: discount rates, earnings 
growth, and the extent to which the two are interconnected. However, the dividend yield is only half the 
story: Income-oriented investors care about the dollar income that their investment produces. To 

, can be expressed as

A model for equity income 
One of the major differences between investing in fixed income – at least fixed income regularly 
purchased at par - and investing in equities is that equities come with the expectation of future capital 
appreciation and corresponding income growth. There are two primary reasons to reasonably expect 
such growth. First, equities earn a risk premium over fixed income given their subordinate position in a 
company’s capital structure. And secondly, companies pay only a fraction of their income out in the 
form of dividends, generally allowing the value of the company to grow over time.  

Unfortunately, establishing clear relationships between equity dividend yields and future equity income 
is less clear than we found for bonds in the previous section. While there is a strong linkage between 
bond income and yields, there is a significantly weaker relationship between equity dividend yields and 
equity income. Dividend payments are variable and directly related to the growth and profitability of the 
underlying companies, an additional layer of complexity not generally found with fixed income. This 
difference becomes even more apparent at longer time horizons.  
 
We begin by considering the standard Gordon model for the value of an equity security: 
 

 𝑃𝑃𝑡𝑡
𝐸𝐸𝐸𝐸 = 𝐷𝐷𝑡𝑡 (1+𝑔𝑔𝑡𝑡)

𝑘𝑘𝑡𝑡 −𝑔𝑔𝑡𝑡
, (9) 

 
where 𝑃𝑃𝑡𝑡

𝐸𝐸𝐸𝐸  is the price of equity, 𝐷𝐷𝑡𝑡 is the dividend in units of currency, 𝑔𝑔𝑡𝑡 is the dividend growth rate, 
and 𝑘𝑘𝑡𝑡 is the equity discount rate. The forward dividend yield on equity, 𝑑𝑑𝑡𝑡

𝑓𝑓 = 𝐷𝐷𝑡𝑡(1 + 𝑔𝑔𝑡𝑡) 𝑃𝑃𝑡𝑡
𝐸𝐸𝐸𝐸⁄ , can be 

expressed as: 
 𝑑𝑑𝑡𝑡

𝑓𝑓 = 𝑘𝑘𝑡𝑡 − 𝑔𝑔𝑡𝑡. (10) 
 
Equation 10 may give the impression that the equity dividend yield is a simple linear function of discount 
rates. Certainly this is intuitive: When discount rates (𝑘𝑘𝑡𝑡) increase, this depresses equity prices, leading 
to an increase in the dividend yield. Unfortunately, things are not nearly so simple. In practice, all of the 
parameters in the Gordon model can plausibly be expressed as functions of one another. Consider the 
case where dividend growth 𝑔𝑔𝑡𝑡 is related to the equity discount rate 𝑘𝑘𝑡𝑡, so that changes in market-wide 
equity discount rates affect future dividend growth. This would allow us to write (10) as 
 

 𝑑𝑑𝑡𝑡
𝑓𝑓 = 𝑘𝑘𝑡𝑡 − 𝑔𝑔(𝑘𝑘𝑡𝑡). (11) 

 
To maximize intuition, consider the case in which growth is a simple linear function of 𝑘𝑘𝑡𝑡: 𝑔𝑔𝑡𝑡 = 𝛼𝛼𝑘𝑘𝑡𝑡. In 
this expression, the sign and magnitude of 𝛼𝛼 will determine the extent to which changes in the discount 
rate are passed through to future dividends. We show in the appendix that with such a formulation, the 
evolution of the forward equity dividend yield can be expressed as 
 

 𝑑𝑑𝑡𝑡+1
𝑓𝑓 = 𝑑𝑑𝑡𝑡

𝑓𝑓 + (1 − 𝛼𝛼)[𝑘𝑘𝑡𝑡+1 − 𝑘𝑘𝑡𝑡]. (12) 
 
Equation (12) provides intuition behind key drivers of the equity dividend yield: discount rates, earnings 
growth, and the extent to which the two are interconnected. However, the dividend yield is only half the 
story: Income-oriented investors care about the dollar income that their investment produces. To 

(7)

Equation 7 may give the impression that the equity dividend 
yield is a simple linear function of discount rates. Certainly, this 
is intuitive: When discount rates (kt) increase, this depresses 
equity prices, leading to an increase in the dividend yield. 
Unfortunately, things are not nearly so simple. In practice, all of 
the parameters in the Gordon model can plausibly be expressed 
as functions of one another. Consider the case where dividend 
growth gt is related to the equity discount rate kt, so that 
changes in market-wide equity discount rates affect future 
dividend growth. This would allow us to write Equation 7 as:

A model for equity income 
One of the major differences between investing in fixed income – at least fixed income regularly 
purchased at par - and investing in equities is that equities come with the expectation of future capital 
appreciation and corresponding income growth. There are two primary reasons to reasonably expect 
such growth. First, equities earn a risk premium over fixed income given their subordinate position in a 
company’s capital structure. And secondly, companies pay only a fraction of their income out in the 
form of dividends, generally allowing the value of the company to grow over time.  

Unfortunately, establishing clear relationships between equity dividend yields and future equity income 
is less clear than we found for bonds in the previous section. While there is a strong linkage between 
bond income and yields, there is a significantly weaker relationship between equity dividend yields and 
equity income. Dividend payments are variable and directly related to the growth and profitability of the 
underlying companies, an additional layer of complexity not generally found with fixed income. This 
difference becomes even more apparent at longer time horizons.  
 
We begin by considering the standard Gordon model for the value of an equity security: 
 

 𝑃𝑃𝑡𝑡
𝐸𝐸𝐸𝐸 = 𝐷𝐷𝑡𝑡 (1+𝑔𝑔𝑡𝑡)

𝑘𝑘𝑡𝑡 −𝑔𝑔𝑡𝑡
, (9) 

 
where 𝑃𝑃𝑡𝑡

𝐸𝐸𝐸𝐸  is the price of equity, 𝐷𝐷𝑡𝑡 is the dividend in units of currency, 𝑔𝑔𝑡𝑡 is the dividend growth rate, 
and 𝑘𝑘𝑡𝑡 is the equity discount rate. The forward dividend yield on equity, 𝑑𝑑𝑡𝑡

𝑓𝑓 = 𝐷𝐷𝑡𝑡(1 + 𝑔𝑔𝑡𝑡) 𝑃𝑃𝑡𝑡
𝐸𝐸𝐸𝐸⁄ , can be 

expressed as: 
 𝑑𝑑𝑡𝑡

𝑓𝑓 = 𝑘𝑘𝑡𝑡 − 𝑔𝑔𝑡𝑡. (10) 
 
Equation 10 may give the impression that the equity dividend yield is a simple linear function of discount 
rates. Certainly this is intuitive: When discount rates (𝑘𝑘𝑡𝑡) increase, this depresses equity prices, leading 
to an increase in the dividend yield. Unfortunately, things are not nearly so simple. In practice, all of the 
parameters in the Gordon model can plausibly be expressed as functions of one another. Consider the 
case where dividend growth 𝑔𝑔𝑡𝑡 is related to the equity discount rate 𝑘𝑘𝑡𝑡, so that changes in market-wide 
equity discount rates affect future dividend growth. This would allow us to write (10) as 
 

 𝑑𝑑𝑡𝑡
𝑓𝑓 = 𝑘𝑘𝑡𝑡 − 𝑔𝑔(𝑘𝑘𝑡𝑡). (11) 

 
To maximize intuition, consider the case in which growth is a simple linear function of 𝑘𝑘𝑡𝑡: 𝑔𝑔𝑡𝑡 = 𝛼𝛼𝑘𝑘𝑡𝑡. In 
this expression, the sign and magnitude of 𝛼𝛼 will determine the extent to which changes in the discount 
rate are passed through to future dividends. We show in the appendix that with such a formulation, the 
evolution of the forward equity dividend yield can be expressed as 
 

 𝑑𝑑𝑡𝑡+1
𝑓𝑓 = 𝑑𝑑𝑡𝑡

𝑓𝑓 + (1 − 𝛼𝛼)[𝑘𝑘𝑡𝑡+1 − 𝑘𝑘𝑡𝑡]. (12) 
 
Equation (12) provides intuition behind key drivers of the equity dividend yield: discount rates, earnings 
growth, and the extent to which the two are interconnected. However, the dividend yield is only half the 
story: Income-oriented investors care about the dollar income that their investment produces. To 

(8)

To maximize intuition, consider the case in which growth is a 
simple linear function of kt : gt = αkt. In this expression, the sign 
and magnitude of α will determine the extent to which changes 
in the discount rate are passed through to future dividends. We 
show in the appendix that with such a formulation, the evolution 
of the forward equity dividend yield can be expressed as

A model for equity income 
One of the major differences between investing in fixed income – at least fixed income regularly 
purchased at par - and investing in equities is that equities come with the expectation of future capital 
appreciation and corresponding income growth. There are two primary reasons to reasonably expect 
such growth. First, equities earn a risk premium over fixed income given their subordinate position in a 
company’s capital structure. And secondly, companies pay only a fraction of their income out in the 
form of dividends, generally allowing the value of the company to grow over time.  

Unfortunately, establishing clear relationships between equity dividend yields and future equity income 
is less clear than we found for bonds in the previous section. While there is a strong linkage between 
bond income and yields, there is a significantly weaker relationship between equity dividend yields and 
equity income. Dividend payments are variable and directly related to the growth and profitability of the 
underlying companies, an additional layer of complexity not generally found with fixed income. This 
difference becomes even more apparent at longer time horizons.  
 
We begin by considering the standard Gordon model for the value of an equity security: 
 

 𝑃𝑃𝑡𝑡
𝐸𝐸𝐸𝐸 = 𝐷𝐷𝑡𝑡 (1+𝑔𝑔𝑡𝑡)

𝑘𝑘𝑡𝑡 −𝑔𝑔𝑡𝑡
, (9) 

 
where 𝑃𝑃𝑡𝑡

𝐸𝐸𝐸𝐸  is the price of equity, 𝐷𝐷𝑡𝑡 is the dividend in units of currency, 𝑔𝑔𝑡𝑡 is the dividend growth rate, 
and 𝑘𝑘𝑡𝑡 is the equity discount rate. The forward dividend yield on equity, 𝑑𝑑𝑡𝑡

𝑓𝑓 = 𝐷𝐷𝑡𝑡(1 + 𝑔𝑔𝑡𝑡) 𝑃𝑃𝑡𝑡
𝐸𝐸𝐸𝐸⁄ , can be 

expressed as: 
 𝑑𝑑𝑡𝑡

𝑓𝑓 = 𝑘𝑘𝑡𝑡 − 𝑔𝑔𝑡𝑡. (10) 
 
Equation 10 may give the impression that the equity dividend yield is a simple linear function of discount 
rates. Certainly this is intuitive: When discount rates (𝑘𝑘𝑡𝑡) increase, this depresses equity prices, leading 
to an increase in the dividend yield. Unfortunately, things are not nearly so simple. In practice, all of the 
parameters in the Gordon model can plausibly be expressed as functions of one another. Consider the 
case where dividend growth 𝑔𝑔𝑡𝑡 is related to the equity discount rate 𝑘𝑘𝑡𝑡, so that changes in market-wide 
equity discount rates affect future dividend growth. This would allow us to write (10) as 
 

 𝑑𝑑𝑡𝑡
𝑓𝑓 = 𝑘𝑘𝑡𝑡 − 𝑔𝑔(𝑘𝑘𝑡𝑡). (11) 

 
To maximize intuition, consider the case in which growth is a simple linear function of 𝑘𝑘𝑡𝑡: 𝑔𝑔𝑡𝑡 = 𝛼𝛼𝑘𝑘𝑡𝑡. In 
this expression, the sign and magnitude of 𝛼𝛼 will determine the extent to which changes in the discount 
rate are passed through to future dividends. We show in the appendix that with such a formulation, the 
evolution of the forward equity dividend yield can be expressed as 
 

 𝑑𝑑𝑡𝑡+1
𝑓𝑓 = 𝑑𝑑𝑡𝑡

𝑓𝑓 + (1 − 𝛼𝛼)[𝑘𝑘𝑡𝑡+1 − 𝑘𝑘𝑡𝑡]. (12) 
 
Equation (12) provides intuition behind key drivers of the equity dividend yield: discount rates, earnings 
growth, and the extent to which the two are interconnected. However, the dividend yield is only half the 
story: Income-oriented investors care about the dollar income that their investment produces. To 

(9)

Equation 9 provides intuition behind key drivers of the equity 
dividend yield: discount rates, earnings growth and the extent to 
which the two are interconnected. However, the dividend yield is 
only half the story: Income-oriented investors care about the 
dollar income that their investment produces. To characterize 
dollar equity income, we must multiply Equation 9 by the equity 
price. In the appendix, we show that forward equity income characterize dollar equity income, we must multiply (12) by the equity price. In the appendix, we show 

that forward equity income 𝐼𝐼𝑡𝑡+1
𝐸𝐸𝐸𝐸 = 𝑃𝑃𝑡𝑡+1𝑑𝑑𝑡𝑡+1

𝑓𝑓  can be expressed as 

 𝐼𝐼𝑡𝑡+1
𝐸𝐸𝐸𝐸 = (1−𝛼𝛼)𝑘𝑘𝑡𝑡(1+ 𝛼𝛼𝑘𝑘𝑡𝑡+1). (13) 

 

And therefore the one-period growth in equity income, 𝐼𝐼𝑡𝑡+1
𝐸𝐸𝐸𝐸 /𝐼𝐼𝑡𝑡

𝐸𝐸𝐸𝐸 = 𝑃𝑃𝑡𝑡+1𝑑𝑑𝑡𝑡+1
𝑓𝑓 /𝑑𝑑𝑡𝑡

𝑓𝑓 is given by 

 𝐼𝐼𝑡𝑡+1
𝐸𝐸𝐸𝐸

𝐼𝐼𝑡𝑡
𝐸𝐸𝐸𝐸 = (1 +𝛼𝛼𝑘𝑘𝑡𝑡+1). (14) 

 

Importantly, Equations 13 and 14 show that equity investors need not rely on any notion of yield 
changes to have a reasonable expectation of income growth. For example, if 𝑘𝑘𝑡𝑡+1 = 𝑘𝑘𝑡𝑡, then (13) 
becomes 𝐼𝐼𝑡𝑡+1

𝐸𝐸𝐸𝐸 = (1− 𝛼𝛼)𝑘𝑘𝑡𝑡(1+ 𝛼𝛼𝑘𝑘𝑡𝑡) > 0. In other words, the next period’s income is expected to be 
higher even if discount rates do not change. Unlike the case of bonds, in which higher income is related 
directly to higher bond yields, neither the dividend yield nor the equity discount rate needs to change in 
order for the equity investor to experience growth in income over time. This is the primary reason why 
equity investors can reasonably expect income growth, while fixed income investors will normally need 
to rely on higher future yields in order to obtain income growth. 

The historical record of bond and equity income 

In this section, we take the theory from the previous section to the data, by comparing equity and bond 
income historically for different time horizons and different bond maturity profiles. Exhibit 1 shows the 
dollar income that would have been generated by rebalancing a 2-year and 30-year investment grade 
corporate bond index each month from the perspective of an investor who invested $100 in each index 
in January 1984. Consistent with Equation 5, the 2-year index produces substantially higher income 
volatility than the 30-year index, with standard deviations of $3.00/year and $0.71/year for the 2-year 
and 30-year indices, respectively. While the income associated with both bond series has declined over 
the period due to the secular decline in interest rates, the reduction in income for the 2-year bond index 
has been materially greater than for the 30-year index. In 1984, given very high levels of bond yields, 
both indices produced around $11/year in income, or a staggering 11%. By Jan 2021, the 2-year index 
was generating $0.47/year in income while the 30-year index was producing $8.28/year, or nearly 18x 
the income produced by rebalancing to a 2-year bond index. The higher income associated with the 30-
year index is primarily related to the income-preserving price appreciation of long-duration bonds over 
the period. 
 
 
 
 
 
 
 
 
 
 

characterize dollar equity income, we must multiply (12) by the equity price. In the appendix, we show 
that forward equity income 𝐼𝐼𝑡𝑡+1
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And therefore the one-period growth in equity income, 𝐼𝐼𝑡𝑡+1
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𝑓𝑓 is given by 

 𝐼𝐼𝑡𝑡+1
𝐸𝐸𝐸𝐸

𝐼𝐼𝑡𝑡
𝐸𝐸𝐸𝐸 = (1 +𝛼𝛼𝑘𝑘𝑡𝑡+1). (14) 

 

Importantly, Equations 13 and 14 show that equity investors need not rely on any notion of yield 
changes to have a reasonable expectation of income growth. For example, if 𝑘𝑘𝑡𝑡+1 = 𝑘𝑘𝑡𝑡, then (13) 
becomes 𝐼𝐼𝑡𝑡+1

𝐸𝐸𝐸𝐸 = (1− 𝛼𝛼)𝑘𝑘𝑡𝑡(1+ 𝛼𝛼𝑘𝑘𝑡𝑡) > 0. In other words, the next period’s income is expected to be 
higher even if discount rates do not change. Unlike the case of bonds, in which higher income is related 
directly to higher bond yields, neither the dividend yield nor the equity discount rate needs to change in 
order for the equity investor to experience growth in income over time. This is the primary reason why 
equity investors can reasonably expect income growth, while fixed income investors will normally need 
to rely on higher future yields in order to obtain income growth. 

The historical record of bond and equity income 

In this section, we take the theory from the previous section to the data, by comparing equity and bond 
income historically for different time horizons and different bond maturity profiles. Exhibit 1 shows the 
dollar income that would have been generated by rebalancing a 2-year and 30-year investment grade 
corporate bond index each month from the perspective of an investor who invested $100 in each index 
in January 1984. Consistent with Equation 5, the 2-year index produces substantially higher income 
volatility than the 30-year index, with standard deviations of $3.00/year and $0.71/year for the 2-year 
and 30-year indices, respectively. While the income associated with both bond series has declined over 
the period due to the secular decline in interest rates, the reduction in income for the 2-year bond index 
has been materially greater than for the 30-year index. In 1984, given very high levels of bond yields, 
both indices produced around $11/year in income, or a staggering 11%. By Jan 2021, the 2-year index 
was generating $0.47/year in income while the 30-year index was producing $8.28/year, or nearly 18x 
the income produced by rebalancing to a 2-year bond index. The higher income associated with the 30-
year index is primarily related to the income-preserving price appreciation of long-duration bonds over 
the period. 
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And therefore the one-period growth in equity income, 𝐼𝐼𝑡𝑡+1
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Importantly, Equations 13 and 14 show that equity investors need not rely on any notion of yield 
changes to have a reasonable expectation of income growth. For example, if 𝑘𝑘𝑡𝑡+1 = 𝑘𝑘𝑡𝑡, then (13) 
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𝐸𝐸𝐸𝐸 = (1− 𝛼𝛼)𝑘𝑘𝑡𝑡(1+ 𝛼𝛼𝑘𝑘𝑡𝑡) > 0. In other words, the next period’s income is expected to be 
higher even if discount rates do not change. Unlike the case of bonds, in which higher income is related 
directly to higher bond yields, neither the dividend yield nor the equity discount rate needs to change in 
order for the equity investor to experience growth in income over time. This is the primary reason why 
equity investors can reasonably expect income growth, while fixed income investors will normally need 
to rely on higher future yields in order to obtain income growth. 

The historical record of bond and equity income 

In this section, we take the theory from the previous section to the data, by comparing equity and bond 
income historically for different time horizons and different bond maturity profiles. Exhibit 1 shows the 
dollar income that would have been generated by rebalancing a 2-year and 30-year investment grade 
corporate bond index each month from the perspective of an investor who invested $100 in each index 
in January 1984. Consistent with Equation 5, the 2-year index produces substantially higher income 
volatility than the 30-year index, with standard deviations of $3.00/year and $0.71/year for the 2-year 
and 30-year indices, respectively. While the income associated with both bond series has declined over 
the period due to the secular decline in interest rates, the reduction in income for the 2-year bond index 
has been materially greater than for the 30-year index. In 1984, given very high levels of bond yields, 
both indices produced around $11/year in income, or a staggering 11%. By Jan 2021, the 2-year index 
was generating $0.47/year in income while the 30-year index was producing $8.28/year, or nearly 18x 
the income produced by rebalancing to a 2-year bond index. The higher income associated with the 30-
year index is primarily related to the income-preserving price appreciation of long-duration bonds over 
the period. 
 
 
 
 
 
 
 
 
 
 

(10)

As shown in the appendix, equity income growth, 

characterize dollar equity income, we must multiply (12) by the equity price. In the appendix, we show 
that forward equity income 𝐼𝐼𝑡𝑡+1

𝐸𝐸𝐸𝐸 = 𝑃𝑃𝑡𝑡+1𝑑𝑑𝑡𝑡+1
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𝑓𝑓 /𝑑𝑑𝑡𝑡

𝑓𝑓 is given by 

 𝐼𝐼𝑡𝑡+1
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𝐼𝐼𝑡𝑡
𝐸𝐸𝐸𝐸 = (1 +𝛼𝛼𝑘𝑘𝑡𝑡+1). (14) 

 

Importantly, Equations 13 and 14 show that equity investors need not rely on any notion of yield 
changes to have a reasonable expectation of income growth. For example, if 𝑘𝑘𝑡𝑡+1 = 𝑘𝑘𝑡𝑡, then (13) 
becomes 𝐼𝐼𝑡𝑡+1

𝐸𝐸𝐸𝐸 = (1− 𝛼𝛼)𝑘𝑘𝑡𝑡(1+ 𝛼𝛼𝑘𝑘𝑡𝑡) > 0. In other words, the next period’s income is expected to be 
higher even if discount rates do not change. Unlike the case of bonds, in which higher income is related 
directly to higher bond yields, neither the dividend yield nor the equity discount rate needs to change in 
order for the equity investor to experience growth in income over time. This is the primary reason why 
equity investors can reasonably expect income growth, while fixed income investors will normally need 
to rely on higher future yields in order to obtain income growth. 

The historical record of bond and equity income 

In this section, we take the theory from the previous section to the data, by comparing equity and bond 
income historically for different time horizons and different bond maturity profiles. Exhibit 1 shows the 
dollar income that would have been generated by rebalancing a 2-year and 30-year investment grade 
corporate bond index each month from the perspective of an investor who invested $100 in each index 
in January 1984. Consistent with Equation 5, the 2-year index produces substantially higher income 
volatility than the 30-year index, with standard deviations of $3.00/year and $0.71/year for the 2-year 
and 30-year indices, respectively. While the income associated with both bond series has declined over 
the period due to the secular decline in interest rates, the reduction in income for the 2-year bond index 
has been materially greater than for the 30-year index. In 1984, given very high levels of bond yields, 
both indices produced around $11/year in income, or a staggering 11%. By Jan 2021, the 2-year index 
was generating $0.47/year in income while the 30-year index was producing $8.28/year, or nearly 18x 
the income produced by rebalancing to a 2-year bond index. The higher income associated with the 30-
year index is primarily related to the income-preserving price appreciation of long-duration bonds over 
the period. 
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higher even if discount rates do not change. Unlike the case of bonds, in which higher income is related 
directly to higher bond yields, neither the dividend yield nor the equity discount rate needs to change in 
order for the equity investor to experience growth in income over time. This is the primary reason why 
equity investors can reasonably expect income growth, while fixed income investors will normally need 
to rely on higher future yields in order to obtain income growth. 

The historical record of bond and equity income 

In this section, we take the theory from the previous section to the data, by comparing equity and bond 
income historically for different time horizons and different bond maturity profiles. Exhibit 1 shows the 
dollar income that would have been generated by rebalancing a 2-year and 30-year investment grade 
corporate bond index each month from the perspective of an investor who invested $100 in each index 
in January 1984. Consistent with Equation 5, the 2-year index produces substantially higher income 
volatility than the 30-year index, with standard deviations of $3.00/year and $0.71/year for the 2-year 
and 30-year indices, respectively. While the income associated with both bond series has declined over 
the period due to the secular decline in interest rates, the reduction in income for the 2-year bond index 
has been materially greater than for the 30-year index. In 1984, given very high levels of bond yields, 
both indices produced around $11/year in income, or a staggering 11%. By Jan 2021, the 2-year index 
was generating $0.47/year in income while the 30-year index was producing $8.28/year, or nearly 18x 
the income produced by rebalancing to a 2-year bond index. The higher income associated with the 30-
year index is primarily related to the income-preserving price appreciation of long-duration bonds over 
the period. 
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which is given by

 𝐼𝐼𝑡𝑡+1
𝑔𝑔 =

(1 − 𝛼𝛼)𝑘𝑘𝑡𝑡(1 + 𝛼𝛼𝑘𝑘𝑡𝑡+1)
(1 − 𝛼𝛼)𝑘𝑘𝑡𝑡+1

=  
𝑘𝑘𝑡𝑡

𝑘𝑘𝑡𝑡+1
(1 + 𝛼𝛼𝑘𝑘𝑡𝑡+1) (A9) 

 

 

 

Asset return simulation details 
Nominal interest rates and credit spreads are modeled using a variation of the Cox-Ingersoll-
Ross (CIR) model. The dynamics for yields and spreads (indexed by 𝑖𝑖) are governed by the 
following equation: 
 

 ∆𝑥𝑥𝑖𝑖,𝑡𝑡 = 𝜃𝜃𝑖𝑖 (𝜇𝜇𝑖𝑖 − 𝑥𝑥𝑖𝑖,𝑡𝑡)∆𝑡𝑡 + 𝜎𝜎𝑖𝑖√𝑥𝑥𝑖𝑖,𝑡𝑡√Δ𝑡𝑡𝑧𝑧𝑖𝑖,𝑡𝑡, (A10) 
 
where 𝑥𝑥𝑖𝑖,𝑡𝑡 is the yield or spread for tenor 𝑖𝑖 in period 𝑡𝑡, 𝑧𝑧 is a multivariate Wiener process with 
correlation matrix Σ, 𝜇𝜇 is the long-term equilibrium factor level, 𝜎𝜎 is a parameter controlling 
factor volatility, and 𝜃𝜃 is a mean-reversion parameter for each tenor. All simulation paths are 
conditioned on the current level for each factor. Bond portfolio yields are determined by 
creating synthetic benchmark proxies based on underlying exposures to par bonds and by 
measuring the estimated yield along each simulation path. Finally, the bond portfolio is 
repriced according to the prevailing yields each period to create capital gains (or losses) 
alongside portfolio income. 

Equities are modeled based on the following equation: 
 

 𝑟𝑟𝑡𝑡 = 𝑟𝑟𝑡𝑡
𝑓𝑓 +  𝐸𝐸𝐸𝐸𝐸𝐸 + +𝜎𝜎𝑟𝑟√Δ𝑡𝑡𝜀𝜀𝑡𝑡, (A11) 

 
where 𝑟𝑟𝑡𝑡

𝑓𝑓 is the risk-free rate from (A10), 𝐸𝐸𝐸𝐸𝐸𝐸 is the equity risk premium, 𝜎𝜎𝑟𝑟2 is the variance of 
equity returns, and 𝜀𝜀𝑡𝑡 are standard-normal shocks with the same correlation matrix as (A10) so 
that equity shocks are consistent with bond market shocks.  
 
Forward equity dividend yields are modeled based on the estimated historical relationship 
between forward dividend yields and trailing equity market returns as 
  

 (11)

2	 It	is	important	to	emphasize	the	notion	of	all else equal when	describing	
higher-yielding	bonds	as	exhibiting	greater	income	stability.	While	Equation	5	
shows	that	higher	bond	yields	produce	greater	income	stability	by	lessening	
the	impact	of	changes	in	market	yields,	it	is	usually	the	case	that	higher-yielding	
bonds	generally	exhibit	greater	yield	volatility,	particularly	if	their	higher	yield	
comes	from	additional	credit	risk.
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Importantly, Equations 10 and 11 show that equity investors need 
not rely on any notion of yield changes to have a reasonable 
expectation of income growth. For example, if kt+1 = kt, then 
Equation 11 becomes 

characterize dollar equity income, we must multiply (12) by the equity price. In the appendix, we show 
that forward equity income 𝐼𝐼𝑡𝑡+1

𝐸𝐸𝐸𝐸 = 𝑃𝑃𝑡𝑡+1𝑑𝑑𝑡𝑡+1
𝑓𝑓  can be expressed as 

 𝐼𝐼𝑡𝑡+1
𝐸𝐸𝐸𝐸 = (1−𝛼𝛼)𝑘𝑘𝑡𝑡(1+ 𝛼𝛼𝑘𝑘𝑡𝑡+1). (13) 

 

And therefore the one-period growth in equity income, 𝐼𝐼𝑡𝑡+1
𝐸𝐸𝐸𝐸 /𝐼𝐼𝑡𝑡

𝐸𝐸𝐸𝐸 = 𝑃𝑃𝑡𝑡+1𝑑𝑑𝑡𝑡+1
𝑓𝑓 /𝑑𝑑𝑡𝑡

𝑓𝑓 is given by 

 𝐼𝐼𝑡𝑡+1
𝐸𝐸𝐸𝐸

𝐼𝐼𝑡𝑡
𝐸𝐸𝐸𝐸 = (1 +𝛼𝛼𝑘𝑘𝑡𝑡+1). (14) 

 

Importantly, Equations 13 and 14 show that equity investors need not rely on any notion of yield 
changes to have a reasonable expectation of income growth. For example, if 𝑘𝑘𝑡𝑡+1 = 𝑘𝑘𝑡𝑡, then (13) 
becomes 𝐼𝐼𝑡𝑡+1

𝐸𝐸𝐸𝐸 = (1− 𝛼𝛼)𝑘𝑘𝑡𝑡(1+ 𝛼𝛼𝑘𝑘𝑡𝑡) > 0. In other words, the next period’s income is expected to be 
higher even if discount rates do not change. Unlike the case of bonds, in which higher income is related 
directly to higher bond yields, neither the dividend yield nor the equity discount rate needs to change in 
order for the equity investor to experience growth in income over time. This is the primary reason why 
equity investors can reasonably expect income growth, while fixed income investors will normally need 
to rely on higher future yields in order to obtain income growth. 

The historical record of bond and equity income 

In this section, we take the theory from the previous section to the data, by comparing equity and bond 
income historically for different time horizons and different bond maturity profiles. Exhibit 1 shows the 
dollar income that would have been generated by rebalancing a 2-year and 30-year investment grade 
corporate bond index each month from the perspective of an investor who invested $100 in each index 
in January 1984. Consistent with Equation 5, the 2-year index produces substantially higher income 
volatility than the 30-year index, with standard deviations of $3.00/year and $0.71/year for the 2-year 
and 30-year indices, respectively. While the income associated with both bond series has declined over 
the period due to the secular decline in interest rates, the reduction in income for the 2-year bond index 
has been materially greater than for the 30-year index. In 1984, given very high levels of bond yields, 
both indices produced around $11/year in income, or a staggering 11%. By Jan 2021, the 2-year index 
was generating $0.47/year in income while the 30-year index was producing $8.28/year, or nearly 18x 
the income produced by rebalancing to a 2-year bond index. The higher income associated with the 30-
year index is primarily related to the income-preserving price appreciation of long-duration bonds over 
the period. 
 
 
 
 
 
 
 
 
 
 

characterize dollar equity income, we must multiply (12) by the equity price. In the appendix, we show 
that forward equity income 𝐼𝐼𝑡𝑡+1
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And therefore the one-period growth in equity income, 𝐼𝐼𝑡𝑡+1
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Importantly, Equations 13 and 14 show that equity investors need not rely on any notion of yield 
changes to have a reasonable expectation of income growth. For example, if 𝑘𝑘𝑡𝑡+1 = 𝑘𝑘𝑡𝑡, then (13) 
becomes 𝐼𝐼𝑡𝑡+1

𝐸𝐸𝐸𝐸 = (1− 𝛼𝛼)𝑘𝑘𝑡𝑡(1+ 𝛼𝛼𝑘𝑘𝑡𝑡) > 0. In other words, the next period’s income is expected to be 
higher even if discount rates do not change. Unlike the case of bonds, in which higher income is related 
directly to higher bond yields, neither the dividend yield nor the equity discount rate needs to change in 
order for the equity investor to experience growth in income over time. This is the primary reason why 
equity investors can reasonably expect income growth, while fixed income investors will normally need 
to rely on higher future yields in order to obtain income growth. 

The historical record of bond and equity income 

In this section, we take the theory from the previous section to the data, by comparing equity and bond 
income historically for different time horizons and different bond maturity profiles. Exhibit 1 shows the 
dollar income that would have been generated by rebalancing a 2-year and 30-year investment grade 
corporate bond index each month from the perspective of an investor who invested $100 in each index 
in January 1984. Consistent with Equation 5, the 2-year index produces substantially higher income 
volatility than the 30-year index, with standard deviations of $3.00/year and $0.71/year for the 2-year 
and 30-year indices, respectively. While the income associated with both bond series has declined over 
the period due to the secular decline in interest rates, the reduction in income for the 2-year bond index 
has been materially greater than for the 30-year index. In 1984, given very high levels of bond yields, 
both indices produced around $11/year in income, or a staggering 11%. By Jan 2021, the 2-year index 
was generating $0.47/year in income while the 30-year index was producing $8.28/year, or nearly 18x 
the income produced by rebalancing to a 2-year bond index. The higher income associated with the 30-
year index is primarily related to the income-preserving price appreciation of long-duration bonds over 
the period. 
 
 
 
 
 
 
 
 
 
 

. Unlike the case of bonds, in 
which higher income is related directly to higher bond yields, 
neither the dividend yield nor the equity discount rate needs to 
change in order for the equity investor to experience growth in 
income over time. This is the fundamental reason equity 
investors can reasonably expect income growth, while fixed 
income investors will normally need higher future yields in order 
to obtain income growth.

THE HISTORICAL RECORD OF BOND AND  
EQUITY INCOME

In this section, we take the theory from the previous section to 
the data, by comparing equity and bond income historically for 
different time horizons and different bond maturity profiles. 
Exhibit 1 shows the dollar income that would have been 
generated by rebalancing a two-year and a 30-year investment 
grade corporate bond index each month from the perspective 
of an investor who invested $100 in each index in January 1984. 
Consistent with Equation 5, the two-year index produces 
substantially higher income volatility than the 30-year index, 
with standard deviations of $3.00/year and $0.71/year for the 
two-year and 30-year indices, respectively. While the income 
associated with both bond series has declined over the period 
due to the secular decline in interest rates, the reduction in 

income for the two-year bond index has been materially greater 
than for the 30-year index. In 1984, given very high levels of 
bond yields, both indices produced around $11/year in income, 
or a staggering 11%. By January 2021, the two-year index was 
generating $0.47/year in income while the 30-year index was 
producing $8.28/year, or nearly 18 times the income produced 
by rebalancing to a two-year bond index. The higher income 
associated with the 30-year index is primarily related to the 
income-preserving price appreciation of long-duration bonds 
over the period.

Exhibit 2 shows the income an investor in large cap U.S. 
equities would have earned over the same period starting in 
January 1984. As mentioned, the expectation for growth in 
equity income over time introduces time effects that are less 
obvious with fixed income. To highlight the importance of this 
time dimension, we have shown the nominal income 
associated with a $100 initial investment at different starting 
dates. Specifically, we show the income an equity investor 
would have received starting in 1984, 1994, 2004, and 2014. In 
all cases, equity income is higher than the starting yield due to 
growth in asset prices (dividend yields have actually fallen over 
this time period). A $100 investment in 1984 would have 
produced about $4/year of income initially. However, by 2020, 
this same investment would have produced around $35 of 
nominal income.

0.00

2.00

4.00

6.00

8.00

10.00

12.00

14.00

16.00

$0

$2

$4

$6

$8

$10

$12

$14

02
/1

98
4

02
/1

98
6

02
/1

98
8

02
/1

99
0

02
/1

99
2

02
/1

99
4

02
/1

99
6

02
/1

99
8

02
/2

00
0

02
/2

00
2

02
/2

00
4

02
/2

00
6

02
/2

00
8

02
/2

01
0

02
/2

01
2

02
/2

01
4

02
/2

01
6

02
/2

01
8

02
/2

02
0

10Y corporate bond par yield
An

nu
al

 d
ol

la
r i

nc
om

e 
($

10
0 

st
ar

tin
g 

va
lu

e)

Nominal income index by tenor

2Y 30Y 10 par yield (RHS)

Exhibit 1: Nominal dollar income for two- and 30-year rebalanced bond indices

Source:	PIMCO	and	Haver	Analytics	as	of	January	2021
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When thinking about constructing portfolios for income 
generation, it is important to understand the relationship 
between the portfolio’s starting yield and the distribution of 
future dollar income that the portfolio is likely to generate. 
Exhibit 3 shows the distribution of ending period nominal 
income received, divided by the starting yield for investment 
horizons of 10 and 20 years. The results are shown for 
investment grade corporate bonds with maturities of two, five, 
10 and 30 years, along with large cap equities. Observations 
greater than 1 indicate income over the horizon higher than the 
starting yield, while observations less than 1 indicate a decline 
in income relative to the starting yield. 

At a 10-year investment horizon, the median result for all bond 
indices is less than 1 due to the secular decline in yields since 
the mid-1980s. The tighter income distribution of long-maturity 
bonds at this horizon again illustrates the role that duration 
plays in helping to maintain income stability. Over a 10-year 
horizon, equities have enjoyed a median income-to-yield ratio of 
1.71, meaning that equity income was 71% higher than its 
starting yield after 10 years. At a 20-year horizon, equities have 
a median income-to-yield ratio of 2.9 times. This reflects the 
impressive growth in equity dividends since the mid-1980s and 
highlights the importance of the time horizon for equity 
investors in particular. 
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Exhibit 2: Nominal equity income at different starting points

Hypothetical example for illustrative purposes only.
Source:	PIMCO,	Shiller.	Shown	from	January	1984-December	2020.	The	lines	indicate	the	annual	dollar	income	from	an	initial	$100	investment	in	equities	on	the	
indicated	date.	 
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Exhibit 3: Distribution of real income for bonds and equities for five-year and 20-year investment horizons

Hypothetical example for illustrative purposes only.
Source:	FRED	Database,	Shiller	and	PIMCO.	Bond	data	is	the	HQM	High	Quality	Bond	rate	time-series	from	January	1984	to	December	2020.	Equity	data	is	from	the	Shiller	
dataset.	The	box	plots	display	the	distribution	of	annual	dollar	income	to	the	initial	yield	of	the	assets	after	a	10-	or	20-year	period	(as	indicated).	Bond	investments	are	
assumed	to	roll	over	into	new	bonds	of	the	indicated	maturity	each	month.	The	box	contains	the	interquartile	range	(25th-75th	percentiles),	and	the	whiskers	cover	the	
5th-95th	percentiles.
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ASSET ALLOCATION FOR  
INCOME-ORIENTED INVESTORS

The historical results show the outsize income and wealth 
growth for investors who were fortunate enough to have held a 
substantial allocation to equity over the past 40 years. However, 
this outcome is unusual, in our view, and growth of this kind is 
highly dependent on the particular time period analyzed; from 
the mid-1980s to the present day, bond yields consistently fell 
and equity prices and dividends grew substantially. For 
example, equity returns between 1984 and today have been 2% 
higher than they were from 1901-1984.3 Bonds also performed 
well over the same 1984-present time frame, as the 10-year U.S. 
government bond yield fell by around 1,000 basis points (bps). 
Historical analysis of the latter half of the 20th century in the 
U.S., therefore, reflects an unusually strong period of equity 
growth and falling interest rates. Current valuations and yields, 
however, suggest that future returns may well look different 
from those in the past, and today’s investors naturally care 
about the prospective properties of bonds and equities. In this 
section, we simulate forward-looking equity and fixed income 
prices and income based on today’s starting levels and 
characterize the resulting income and wealth implications of 
different asset allocation strategies. 

We model a steady increase in the level of government bond 
yields over the next 10 to 20 years from today’s historically low 
levels. For example, our long-run expectation for yields is 2.5% 
and 3.1% for the U.S. cash rate and 10-year government bond 
yields, respectively. Our assumption for equity dividend growth 
is aligned with our overall forecast for economic growth, which 
is lower today than what has been realized over the past 40 
years.4 For example, while U.S. real GDP grew at 3.1% per year 
from 1950-2020, the Congressional Budget Office (CBO) 
forecasts real GDP growth of 2.1% per year over the next 10 
years. Consistent with this, we model an equity dividend growth 
rate of approximately 1% per year in real terms (3% nominal), or 
roughly 1% lower than long-term GDP assumptions. The full 
details of our simulation process, including parameters and 
average asset returns, are described in the appendix.

In our forward-looking simulations, we model two assets, a 
credit-oriented fixed income asset and a broad-based large cap 
equity asset. We characterize the fixed income portfolio as a 
simple, diversified credit bond portfolio that allocates 50% to 
investment grade credit, 25% to high yield and 25% to emerging 
markets external bonds, rebalanced annually to their fixed 
weights. We specifically exclude U.S. Treasuries from the bond 
portfolio, as the yield is likely to be too low for investors with an 
income orientation when compared to other fixed income 
alternatives. Exhibit 4 shows the average nominal income from 
our simulations by year for these hypothetical bond and equity 
portfolios, assuming a starting portfolio value of $10,000. 

The solid lines in Exhibit 4 show the average simulated income 
level in each year, whereas the dotted lines show the average 
annual income realized from inception. As our assumptions 
reflect an environment where interest rates gradually rise 
alongside steady economic growth, both equity income and 
bond income rise over time, on average. At year 10, for example, 
the credit-oriented fixed income portfolio is generating an 
average annual income of $391 versus $259 for the  
equity portfolio. 

3	 Measured	using	the	Shiller	online	database.	Quoted	returns	are	geometric.
4	 Congressional	Budget	Office,	“An	Overview	of	the	Economic	Outlook:	2021	to	

2031,”	February	2021,	https://www.cbo.gov/publication/56982
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Of course, even for income-oriented investors, the expected 
level of their portfolio’s income is not the only consideration. All 
investors also care about the distribution of their future wealth. 
Exhibit 5 shows the distribution of average income and terminal 
wealth levels for a 100% bond and 100% equity allocation for an 
initial investment of $1. While equity income is expected to stay 
below that of a credit-oriented fixed income portfolio, equities 
are expected to generate larger wealth balances over time as 
prices respond to expected earnings growth. For example, 
median wealth for a 100% equity allocation is 1.18 and 1.46 
times the initial investment at a 10- and 20-year horizon, 

respectively. Hence, after consuming equity dividends, the 
equity investor experiences median cumulative price returns of 
18% and 46%. Fixed income, on the other hand, is expected to 
exhibit modest declines in wealth balances over time under our 
base case assumptions of a gradual increase in rates, 
producing median wealth levels of 0.82 and 0.67 at 10- and 
20-year horizons, respectively.5

At a 10-year horizon, equity income is expected to be around 
one-third lower than that of the bond portfolio’s income, with a 
median income of $0.022 versus $0.034. At both horizons, the 
higher variation in wealth produced by equities is immediately 

Exhibit 5: Distribution of income and wealth, 10- and 20-year horizons

Hypothetical example for illustrative purposes only.
Source:	PIMCO.	The	box	plots	show	the	distribution	of	average	income	(left	panel)	and	terminal	wealth	(right	panel)	for	two	portfolios,	one	entirely	allocated	to	fixed	
income	and	one	entirely	allocated	to	equities	at	a	10-	and	20-year	horizon.	The	box	contains	the	interquartile	range	(25th-75th	percentiles),	and	the	whiskers	cover	the	
5th-95th	percentiles.	
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50th $0.034 $0.022 $0.038 $0.024 0.82 1.18 0.67 1.46

25th $0.030 $0.018 $0.035 $0.018 0.75 0.83 0.59 0.87

5th $0.024 $0.015 $0.030 $0.013 0.64 0.50 0.49 0.41
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5	 This	is	primarily	a	result	of	our	assumption	of	gradually	rising	interest	rates,	but	is	also	related	to	a	certain	amount	of	defaults	that	are	expected	to	occur	over	time	
given	the	credit	orientation	of	the	portfolio.
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apparent; after 20 years, the difference between the 75th and 
25th percentiles of wealth is only 0.16 for fixed income versus 
1.62 for equities. At a 10-year horizon, both bonds and equities 
exhibit similar levels of income variation. However, at a 20-year 
horizon, equities exhibit much wider income variation than the 
bond portfolio, with the difference in income between the 75th 
and 25th percentiles for equities more than double that of fixed 
income. Higher equity volatility compounds over longer 
periods, especially as equities do not enjoy the self-regulating 
relationship between rates and future returns that bonds do. 
Since equity income is directly related to the level of equity 
prices, this implies much higher variation in equity income over 
time compared to bonds.

To state the obvious, future levels of income and wealth are 
uncertain. All else equal, this means risk- averse investors who 
care about both income and wealth will prefer investments for 
which there is an inverse relationship between the two. For 
example, in situations where future income is low, assets that 
have a negative correlation between wealth and income should 
produce higher wealth levels. Higher wealth in these states may 
offset the consequences of some or all of the lower income in 
such a scenario. Not only does fixed income’s negative 
correlation between wealth and income help to provide income 
stability over time (as detailed in the first section), a negative 
correlation between wealth and income provides a “natural 
hedge” against the two outcomes that are of key importance to 
investors. On the other hand, if the correlation is positive, 

negative income realizations are also likely to coincide with 
negative wealth realizations, compounding the already adverse 
outcome for the investor in these states. Indeed, this is 
precisely the case for equities, since equity prices respond 
directly to expected future cash flows, meaning that prices and 
income are generally positively correlated. 

To see the actual income-wealth trade-offs for the different 
assets, Exhibit 6 displays terminal wealth versus the average 
10-year income for fixed income and equities. The wider 
vertical dispersion of equity points in the graph again shows the 
higher variance in wealth for equities. However, this graph 
makes clear the relationship between income and wealth 
outcomes: The negative relationship between income and 
wealth for bonds is as clear as the positive relation for equities. 

Exhibit 7 summarizes the main trade-offs between fixed 
income and equities for income-oriented investors: the level of 
income, the degree of income and wealth growth, income and 
wealth volatility, and whether the assets display a negative 
wealth-income correlation. Fixed income is more appealing in 
three of the four categories, while equities are generally more 
suited to provide income and wealth growth over time.

An income-oriented investor must allocate between these two 
key asset classes to take advantage of their relative strengths 
and the synergies between them. Precisely which allocation an 
investor would select would depend on their preferences over 
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income and wealth, as well as their time horizon and risk 
tolerance. To illustrate the implications of various asset 
allocations, Exhibit 8 shows the distribution of income and 
wealth at 10- and 20-year horizons for asset allocations ranging 
from 100% fixed income (0/100) to 100% equity (100/0) in 20% 
increments. Income level is scaled to a $10,000 initial 
investment, while wealth is normalized to $1. To show the 
relationship between income and terminal wealth, the wealth 

distributions in the bottom half of each table correspond to the 
percentiles of income in the upper panel (i.e., the wealth and 
income percentiles are consistent with each other). 

As expected, median income is highest for the 100% fixed 
income portfolio. However, the fixed income portfolio also 
produces the lowest median wealth levels. Increasing the 
allocation to equities (moving from left to right in Exhibit 8) 

Exhibit 7: Fixed income vs. equity, primary attributes
High  

income
Income/wealth  

growth
Low income/wealth 

volatility
Negative wealth-income 

correlation

Fixed income + – + +
Equities – + – –
Source:	PIMCO

Exhibit 8: Income-wealth trade-off for various asset allocations

Source:	PIMCO.	Fixed	Income	is	proxied	by	the	Bloomberg	US	Aggregate	Bond	Index;	Equity	is	proxied	by	the	S&P	500	Index.
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produces lower levels of median income but higher median 
wealth balances. For a given asset allocation, the relationship 
between income and wealth appears by reviewing the trade-off 
between them moving across percentiles. Reading down each 
column, we see a negative correlation between income and 
wealth for fixed income versus a positive relationship for 
equities; lower income percentiles correspond to higher wealth 
balances for fixed income-heavy allocations, whereas they 
result in lower wealth states for equities. Unsurprisingly, these 
correlations become more muted for asset allocations that 
combine fixed income and equities due to diversification 
between the two asset classes. 

Different investors will prefer different portfolios. Those with a 
stronger orientation toward income will likely lean more to fixed 
income-oriented portfolios, while those who have a stronger 
preference for income and potential wealth growth will likely 
allocate assets to more equity-heavy solutions. Other investors, 
such as those who want to preserve their wealth, may want 
something in between. For example, investors who value 

income but seek to preserve wealth over time may find that a 
40% equity/60% bond portfolio represents an appealing asset 
allocation in retirement. The 40/60 portfolio is consistent with 
wealth preservation, as the median wealth balance is 0.99 at 
both a 10- and a 20-year horizon. And while the median income 
level for the 40/60 portfolio is below that of the 100% fixed 
income allocation, it is still meaningfully higher than a 100% 
equity allocation. Furthermore, because equity and fixed 
income tend to be negatively correlated with each other, the 
left-tail wealth outcomes for the 40/60 portfolio are actually 
slightly better than even those of the 100% fixed income 
solution. For example, at a 10-year horizon, the 5th wealth 
percentile is 0.94 for the 0/100 portfolio versus 1.05 for the 
40/60 allocation. In a nutshell, the 40/60 portfolio holds enough 
equity to help maintain median wealth balances while also 
providing a reasonably high level of income and diversification. 
For investors who value income but seek to preserve wealth 
over time, a 40% equity/60% bond portfolio may represent an 
appealing asset allocation in retirement.

CONCLUSION

Portfolio construction for wealth-oriented investors is well understood: Maximize return subject to some measure of risk. 
However, many investors, including and especially retirees, also care about the income their portfolio produces. These 
investors face several trade-offs unique to their income orientation. Most investors hold bond funds that periodically 
rebalance or reinvest around some target.Bonds tend to trade off volatility in income for volatility in wealth. The duration of 
the investment informs this exchange: Long-duration bonds have high short-term price volatility but low income volatility, 
and vice versa. Equity investors obviously are exposed to high wealth volatility, but the long-run capital appreciation that 
they may experience produces portfolio income that grows over time. Finally, and potentially most importantly, fixed income 
investors tend to experience “bad” states – those with lower incomes – precisely when their future wealth is high, and vice 
versa. Equity investors don’t enjoy this natural hedge: If markets appreciate, their income is high, and if markets draw down, 
their income falls along with it.

The historical data bears this out. Over the last 40 years, the combination of a supersecular decline in interest rates along 
with strong growth in corporate profitability produced an environment of large capital appreciation in fixed income and 
equities. However, today’s valuations have bond yields near zero and equity multiples near their all-time highs. In short, past 
performance is not a reliable indicator of future results. Our forward-looking return assumptions suggest that a sensible 
credit-oriented fixed income portfolio is likely to produce higher levels of income than equities, even at time horizons as long 
as 20 years. However, diversification between fixed income and equities, along with the prospective growth of equity prices 
over time, means that some allocation to equities is reasonable for most investors. For example, retirees who prefer income 
and desire to preserve their wealth over time may find an allocation of 40% equities and 60% bonds appealing, as it may 
produce a high level of income and may be more likely to sustain asset balances over long periods of time. 
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APPENDIX

Derivation of Equations 9 and 11

The forward dividend yield at time t+1 can be written as

Appendix 
Derivation of Equation 12 
The forward dividend yield at time 𝑡𝑡 + 1 can be written as: 
 

 𝑑𝑑𝑡𝑡+1
𝑓𝑓 = 𝑘𝑘𝑡𝑡+1 − 𝑔𝑔(𝑘𝑘𝑡𝑡+1) (A1) 

Thus, 

 𝜕𝜕𝑑𝑑𝑡𝑡+1
𝑓𝑓

𝜕𝜕𝑘𝑘𝑡𝑡+1
= 1 − 𝑔𝑔′(𝑘𝑘𝑡𝑡+1) 

(A2) 

 

Taking the first-order Taylor Series expansion of A5 around 𝑘𝑘𝑡𝑡 yields: 

 𝑑𝑑𝑡𝑡+1
𝑓𝑓 ≈ [𝑘𝑘𝑡𝑡 − 𝑔𝑔(𝑘𝑘𝑡𝑡)] + [1 − 𝑔𝑔′(𝑘𝑘𝑡𝑡+1)][𝑘𝑘𝑡𝑡+1 − 𝑘𝑘𝑡𝑡] (A3) 

 

The price of equity at 𝑡𝑡 + 1 can be written as: 

 𝑃𝑃𝑡𝑡 +1 =
𝐷𝐷𝑡𝑡+1(1 + 𝑔𝑔(𝑘𝑘𝑡𝑡+1))

𝑘𝑘𝑡𝑡+1 − 𝑔𝑔(𝑘𝑘𝑡𝑡+1) =
𝐷𝐷𝑡𝑡(1 + 𝑔𝑔(𝑘𝑘𝑡𝑡))(1 + 𝑔𝑔(𝑘𝑘𝑡𝑡+1))

𝑘𝑘𝑡𝑡+1 − 𝑔𝑔(𝑘𝑘𝑡𝑡+1)  (A4) 

 

Without loss of generality, normalizing the price of equity at time 𝑡𝑡 to 1 implies that 𝐷𝐷𝑡𝑡(1 + 𝑔𝑔(𝑘𝑘𝑡𝑡)) =
𝑑𝑑𝑡𝑡

𝑓𝑓 = 𝑘𝑘𝑡𝑡 − 𝑔𝑔(𝑘𝑘𝑡𝑡) and therefore:  

 𝑃𝑃𝑡𝑡 +1 = [𝑘𝑘𝑡𝑡 − 𝑔𝑔(𝑘𝑘𝑡𝑡)] 1 + 𝑔𝑔(𝑘𝑘𝑡𝑡+1)
𝑘𝑘𝑡𝑡+1 − 𝑔𝑔(𝑘𝑘𝑡𝑡+1) (A5) 

 

Forward equity income at time 𝑡𝑡 + 1 𝐼𝐼𝑡𝑡+1
𝑓𝑓  is given by 𝑃𝑃𝑡𝑡+1𝑑𝑑𝑡𝑡+1

𝑓𝑓 . Substituting in equations A3 and A5 
yields: 

 𝐼𝐼𝑡𝑡+1
𝑓𝑓 = [𝑘𝑘𝑡𝑡 − 𝑔𝑔(𝑘𝑘𝑡𝑡)] 1 + 𝑔𝑔(𝑘𝑘𝑡𝑡+1)

𝑘𝑘𝑡𝑡+1 − 𝑔𝑔(𝑘𝑘𝑡𝑡+1)[[𝑘𝑘𝑡𝑡 − 𝑔𝑔(𝑘𝑘𝑡𝑡)] + [1 − 𝑔𝑔′(𝑘𝑘𝑡𝑡+1)][𝑘𝑘𝑡𝑡+1 − 𝑘𝑘𝑡𝑡]] (A6) 

 

Substituting in 𝑔𝑔𝑡𝑡 = 𝛼𝛼𝑘𝑘𝑡𝑡 and A1 into A3 produces equation 13 in the paper: 

 𝑑𝑑𝑡𝑡+1
𝑓𝑓 = 𝑑𝑑𝑡𝑡

𝑓𝑓 + (1 − 𝛼𝛼)[𝑘𝑘𝑡𝑡+1 − 𝑘𝑘𝑡𝑡] 
 

(A7) 

Substituting in 𝑔𝑔𝑡𝑡 = 𝛼𝛼𝑘𝑘𝑡𝑡 into A10 and simplifying produces equation 14 in the paper: 

 𝐼𝐼𝑡𝑡+1
𝑓𝑓 = (1 − 𝛼𝛼)𝑘𝑘𝑡𝑡(1 + 𝛼𝛼𝑘𝑘𝑡𝑡+1) (A8) 

 

Finally, equity income growth 𝐼𝐼𝑡𝑡+1
𝑔𝑔 = 𝐼𝐼𝑡𝑡+1

𝑓𝑓 /𝐼𝐼𝑡𝑡
𝑓𝑓 is given by: 

 

. (A1)

Thus, 
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 𝑑𝑑𝑡𝑡+1
𝑓𝑓 = 𝑘𝑘𝑡𝑡+1 − 𝑔𝑔(𝑘𝑘𝑡𝑡+1) (A1) 

Thus, 

 𝜕𝜕𝑑𝑑𝑡𝑡+1
𝑓𝑓

𝜕𝜕𝑘𝑘𝑡𝑡+1
= 1 − 𝑔𝑔′(𝑘𝑘𝑡𝑡+1) 

(A2) 

 

Taking the first-order Taylor Series expansion of A5 around 𝑘𝑘𝑡𝑡 yields: 

 𝑑𝑑𝑡𝑡+1
𝑓𝑓 ≈ [𝑘𝑘𝑡𝑡 − 𝑔𝑔(𝑘𝑘𝑡𝑡)] + [1 − 𝑔𝑔′(𝑘𝑘𝑡𝑡+1)][𝑘𝑘𝑡𝑡+1 − 𝑘𝑘𝑡𝑡] (A3) 

 

The price of equity at 𝑡𝑡 + 1 can be written as: 

 𝑃𝑃𝑡𝑡 +1 =
𝐷𝐷𝑡𝑡+1(1 + 𝑔𝑔(𝑘𝑘𝑡𝑡+1))

𝑘𝑘𝑡𝑡+1 − 𝑔𝑔(𝑘𝑘𝑡𝑡+1) =
𝐷𝐷𝑡𝑡(1 + 𝑔𝑔(𝑘𝑘𝑡𝑡))(1 + 𝑔𝑔(𝑘𝑘𝑡𝑡+1))

𝑘𝑘𝑡𝑡+1 − 𝑔𝑔(𝑘𝑘𝑡𝑡+1)  (A4) 

 

Without loss of generality, normalizing the price of equity at time 𝑡𝑡 to 1 implies that 𝐷𝐷𝑡𝑡(1 + 𝑔𝑔(𝑘𝑘𝑡𝑡)) =
𝑑𝑑𝑡𝑡

𝑓𝑓 = 𝑘𝑘𝑡𝑡 − 𝑔𝑔(𝑘𝑘𝑡𝑡) and therefore:  

 𝑃𝑃𝑡𝑡 +1 = [𝑘𝑘𝑡𝑡 − 𝑔𝑔(𝑘𝑘𝑡𝑡)] 1 + 𝑔𝑔(𝑘𝑘𝑡𝑡+1)
𝑘𝑘𝑡𝑡+1 − 𝑔𝑔(𝑘𝑘𝑡𝑡+1) (A5) 

 

Forward equity income at time 𝑡𝑡 + 1 𝐼𝐼𝑡𝑡+1
𝑓𝑓  is given by 𝑃𝑃𝑡𝑡+1𝑑𝑑𝑡𝑡+1

𝑓𝑓 . Substituting in equations A3 and A5 
yields: 

 𝐼𝐼𝑡𝑡+1
𝑓𝑓 = [𝑘𝑘𝑡𝑡 − 𝑔𝑔(𝑘𝑘𝑡𝑡)] 1 + 𝑔𝑔(𝑘𝑘𝑡𝑡+1)

𝑘𝑘𝑡𝑡+1 − 𝑔𝑔(𝑘𝑘𝑡𝑡+1)[[𝑘𝑘𝑡𝑡 − 𝑔𝑔(𝑘𝑘𝑡𝑡)] + [1 − 𝑔𝑔′(𝑘𝑘𝑡𝑡+1)][𝑘𝑘𝑡𝑡+1 − 𝑘𝑘𝑡𝑡]] (A6) 

 

Substituting in 𝑔𝑔𝑡𝑡 = 𝛼𝛼𝑘𝑘𝑡𝑡 and A1 into A3 produces equation 13 in the paper: 

 𝑑𝑑𝑡𝑡+1
𝑓𝑓 = 𝑑𝑑𝑡𝑡

𝑓𝑓 + (1 − 𝛼𝛼)[𝑘𝑘𝑡𝑡+1 − 𝑘𝑘𝑡𝑡] 
 

(A7) 

Substituting in 𝑔𝑔𝑡𝑡 = 𝛼𝛼𝑘𝑘𝑡𝑡 into A10 and simplifying produces equation 14 in the paper: 

 𝐼𝐼𝑡𝑡+1
𝑓𝑓 = (1 − 𝛼𝛼)𝑘𝑘𝑡𝑡(1 + 𝛼𝛼𝑘𝑘𝑡𝑡+1) (A8) 

 

Finally, equity income growth 𝐼𝐼𝑡𝑡+1
𝑔𝑔 = 𝐼𝐼𝑡𝑡+1

𝑓𝑓 /𝐼𝐼𝑡𝑡
𝑓𝑓 is given by: 

 

.  (A2) 

Taking the first-order Taylor Series expansion of Equation A1 around kt yields

Appendix 
Derivation of Equation 12 
The forward dividend yield at time 𝑡𝑡 + 1 can be written as: 
 

 𝑑𝑑𝑡𝑡+1
𝑓𝑓 = 𝑘𝑘𝑡𝑡+1 − 𝑔𝑔(𝑘𝑘𝑡𝑡+1) (A1) 

Thus, 

 𝜕𝜕𝑑𝑑𝑡𝑡+1
𝑓𝑓

𝜕𝜕𝑘𝑘𝑡𝑡+1
= 1 − 𝑔𝑔′(𝑘𝑘𝑡𝑡+1) 

(A2) 

 

Taking the first-order Taylor Series expansion of A5 around 𝑘𝑘𝑡𝑡 yields: 

 𝑑𝑑𝑡𝑡+1
𝑓𝑓 ≈ [𝑘𝑘𝑡𝑡 − 𝑔𝑔(𝑘𝑘𝑡𝑡)] + [1 − 𝑔𝑔′(𝑘𝑘𝑡𝑡+1)][𝑘𝑘𝑡𝑡+1 − 𝑘𝑘𝑡𝑡] (A3) 

 

The price of equity at 𝑡𝑡 + 1 can be written as: 

 𝑃𝑃𝑡𝑡 +1 =
𝐷𝐷𝑡𝑡+1(1 + 𝑔𝑔(𝑘𝑘𝑡𝑡+1))

𝑘𝑘𝑡𝑡+1 − 𝑔𝑔(𝑘𝑘𝑡𝑡+1) =
𝐷𝐷𝑡𝑡(1 + 𝑔𝑔(𝑘𝑘𝑡𝑡))(1 + 𝑔𝑔(𝑘𝑘𝑡𝑡+1))

𝑘𝑘𝑡𝑡+1 − 𝑔𝑔(𝑘𝑘𝑡𝑡+1)  (A4) 

 

Without loss of generality, normalizing the price of equity at time 𝑡𝑡 to 1 implies that 𝐷𝐷𝑡𝑡(1 + 𝑔𝑔(𝑘𝑘𝑡𝑡)) =
𝑑𝑑𝑡𝑡

𝑓𝑓 = 𝑘𝑘𝑡𝑡 − 𝑔𝑔(𝑘𝑘𝑡𝑡) and therefore:  

 𝑃𝑃𝑡𝑡 +1 = [𝑘𝑘𝑡𝑡 − 𝑔𝑔(𝑘𝑘𝑡𝑡)] 1 + 𝑔𝑔(𝑘𝑘𝑡𝑡+1)
𝑘𝑘𝑡𝑡+1 − 𝑔𝑔(𝑘𝑘𝑡𝑡+1) (A5) 

 

Forward equity income at time 𝑡𝑡 + 1 𝐼𝐼𝑡𝑡+1
𝑓𝑓  is given by 𝑃𝑃𝑡𝑡+1𝑑𝑑𝑡𝑡+1

𝑓𝑓 . Substituting in equations A3 and A5 
yields: 

 𝐼𝐼𝑡𝑡+1
𝑓𝑓 = [𝑘𝑘𝑡𝑡 − 𝑔𝑔(𝑘𝑘𝑡𝑡)] 1 + 𝑔𝑔(𝑘𝑘𝑡𝑡+1)

𝑘𝑘𝑡𝑡+1 − 𝑔𝑔(𝑘𝑘𝑡𝑡+1)[[𝑘𝑘𝑡𝑡 − 𝑔𝑔(𝑘𝑘𝑡𝑡)] + [1 − 𝑔𝑔′(𝑘𝑘𝑡𝑡+1)][𝑘𝑘𝑡𝑡+1 − 𝑘𝑘𝑡𝑡]] (A6) 

 

Substituting in 𝑔𝑔𝑡𝑡 = 𝛼𝛼𝑘𝑘𝑡𝑡 and A1 into A3 produces equation 13 in the paper: 

 𝑑𝑑𝑡𝑡+1
𝑓𝑓 = 𝑑𝑑𝑡𝑡

𝑓𝑓 + (1 − 𝛼𝛼)[𝑘𝑘𝑡𝑡+1 − 𝑘𝑘𝑡𝑡] 
 

(A7) 

Substituting in 𝑔𝑔𝑡𝑡 = 𝛼𝛼𝑘𝑘𝑡𝑡 into A10 and simplifying produces equation 14 in the paper: 

 𝐼𝐼𝑡𝑡+1
𝑓𝑓 = (1 − 𝛼𝛼)𝑘𝑘𝑡𝑡(1 + 𝛼𝛼𝑘𝑘𝑡𝑡+1) (A8) 

 

Finally, equity income growth 𝐼𝐼𝑡𝑡+1
𝑔𝑔 = 𝐼𝐼𝑡𝑡+1

𝑓𝑓 /𝐼𝐼𝑡𝑡
𝑓𝑓 is given by: 

 

. (A3)

The price of equity at t+1 can be written as 

Appendix 
Derivation of Equation 12 
The forward dividend yield at time 𝑡𝑡 + 1 can be written as: 
 

 𝑑𝑑𝑡𝑡+1
𝑓𝑓 = 𝑘𝑘𝑡𝑡+1 − 𝑔𝑔(𝑘𝑘𝑡𝑡+1) (A1) 

Thus, 

 𝜕𝜕𝑑𝑑𝑡𝑡+1
𝑓𝑓

𝜕𝜕𝑘𝑘𝑡𝑡+1
= 1 − 𝑔𝑔′(𝑘𝑘𝑡𝑡+1) 

(A2) 

 

Taking the first-order Taylor Series expansion of A5 around 𝑘𝑘𝑡𝑡 yields: 

 𝑑𝑑𝑡𝑡+1
𝑓𝑓 ≈ [𝑘𝑘𝑡𝑡 − 𝑔𝑔(𝑘𝑘𝑡𝑡)] + [1 − 𝑔𝑔′(𝑘𝑘𝑡𝑡+1)][𝑘𝑘𝑡𝑡+1 − 𝑘𝑘𝑡𝑡] (A3) 

 

The price of equity at 𝑡𝑡 + 1 can be written as: 

 𝑃𝑃𝑡𝑡 +1 =
𝐷𝐷𝑡𝑡+1(1 + 𝑔𝑔(𝑘𝑘𝑡𝑡+1))

𝑘𝑘𝑡𝑡+1 − 𝑔𝑔(𝑘𝑘𝑡𝑡+1) =
𝐷𝐷𝑡𝑡(1 + 𝑔𝑔(𝑘𝑘𝑡𝑡))(1 + 𝑔𝑔(𝑘𝑘𝑡𝑡+1))

𝑘𝑘𝑡𝑡+1 − 𝑔𝑔(𝑘𝑘𝑡𝑡+1)  (A4) 

 

Without loss of generality, normalizing the price of equity at time 𝑡𝑡 to 1 implies that 𝐷𝐷𝑡𝑡(1 + 𝑔𝑔(𝑘𝑘𝑡𝑡)) =
𝑑𝑑𝑡𝑡

𝑓𝑓 = 𝑘𝑘𝑡𝑡 − 𝑔𝑔(𝑘𝑘𝑡𝑡) and therefore:  

 𝑃𝑃𝑡𝑡 +1 = [𝑘𝑘𝑡𝑡 − 𝑔𝑔(𝑘𝑘𝑡𝑡)] 1 + 𝑔𝑔(𝑘𝑘𝑡𝑡+1)
𝑘𝑘𝑡𝑡+1 − 𝑔𝑔(𝑘𝑘𝑡𝑡+1) (A5) 

 

Forward equity income at time 𝑡𝑡 + 1 𝐼𝐼𝑡𝑡+1
𝑓𝑓  is given by 𝑃𝑃𝑡𝑡+1𝑑𝑑𝑡𝑡+1

𝑓𝑓 . Substituting in equations A3 and A5 
yields: 

 𝐼𝐼𝑡𝑡+1
𝑓𝑓 = [𝑘𝑘𝑡𝑡 − 𝑔𝑔(𝑘𝑘𝑡𝑡)] 1 + 𝑔𝑔(𝑘𝑘𝑡𝑡+1)

𝑘𝑘𝑡𝑡+1 − 𝑔𝑔(𝑘𝑘𝑡𝑡+1)[[𝑘𝑘𝑡𝑡 − 𝑔𝑔(𝑘𝑘𝑡𝑡)] + [1 − 𝑔𝑔′(𝑘𝑘𝑡𝑡+1)][𝑘𝑘𝑡𝑡+1 − 𝑘𝑘𝑡𝑡]] (A6) 

 

Substituting in 𝑔𝑔𝑡𝑡 = 𝛼𝛼𝑘𝑘𝑡𝑡 and A1 into A3 produces equation 13 in the paper: 

 𝑑𝑑𝑡𝑡+1
𝑓𝑓 = 𝑑𝑑𝑡𝑡

𝑓𝑓 + (1 − 𝛼𝛼)[𝑘𝑘𝑡𝑡+1 − 𝑘𝑘𝑡𝑡] 
 

(A7) 

Substituting in 𝑔𝑔𝑡𝑡 = 𝛼𝛼𝑘𝑘𝑡𝑡 into A10 and simplifying produces equation 14 in the paper: 

 𝐼𝐼𝑡𝑡+1
𝑓𝑓 = (1 − 𝛼𝛼)𝑘𝑘𝑡𝑡(1 + 𝛼𝛼𝑘𝑘𝑡𝑡+1) (A8) 

 

Finally, equity income growth 𝐼𝐼𝑡𝑡+1
𝑔𝑔 = 𝐼𝐼𝑡𝑡+1

𝑓𝑓 /𝐼𝐼𝑡𝑡
𝑓𝑓 is given by: 

 

.  (A4) 

Without loss of generality, normalizing the price of equity at time t to 1 implies that  

Appendix 
Derivation of Equation 12 
The forward dividend yield at time 𝑡𝑡 + 1 can be written as: 
 

 𝑑𝑑𝑡𝑡+1
𝑓𝑓 = 𝑘𝑘𝑡𝑡+1 − 𝑔𝑔(𝑘𝑘𝑡𝑡+1) (A1) 

Thus, 

 𝜕𝜕𝑑𝑑𝑡𝑡+1
𝑓𝑓

𝜕𝜕𝑘𝑘𝑡𝑡+1
= 1 − 𝑔𝑔′(𝑘𝑘𝑡𝑡+1) 

(A2) 

 

Taking the first-order Taylor Series expansion of A5 around 𝑘𝑘𝑡𝑡 yields: 

 𝑑𝑑𝑡𝑡+1
𝑓𝑓 ≈ [𝑘𝑘𝑡𝑡 − 𝑔𝑔(𝑘𝑘𝑡𝑡)] + [1 − 𝑔𝑔′(𝑘𝑘𝑡𝑡+1)][𝑘𝑘𝑡𝑡+1 − 𝑘𝑘𝑡𝑡] (A3) 

 

The price of equity at 𝑡𝑡 + 1 can be written as: 

 𝑃𝑃𝑡𝑡 +1 =
𝐷𝐷𝑡𝑡+1(1 + 𝑔𝑔(𝑘𝑘𝑡𝑡+1))

𝑘𝑘𝑡𝑡+1 − 𝑔𝑔(𝑘𝑘𝑡𝑡+1) =
𝐷𝐷𝑡𝑡(1 + 𝑔𝑔(𝑘𝑘𝑡𝑡))(1 + 𝑔𝑔(𝑘𝑘𝑡𝑡+1))

𝑘𝑘𝑡𝑡+1 − 𝑔𝑔(𝑘𝑘𝑡𝑡+1)  (A4) 

 

Without loss of generality, normalizing the price of equity at time 𝑡𝑡 to 1 implies that 𝐷𝐷𝑡𝑡(1 + 𝑔𝑔(𝑘𝑘𝑡𝑡)) =
𝑑𝑑𝑡𝑡

𝑓𝑓 = 𝑘𝑘𝑡𝑡 − 𝑔𝑔(𝑘𝑘𝑡𝑡) and therefore:  

 𝑃𝑃𝑡𝑡 +1 = [𝑘𝑘𝑡𝑡 − 𝑔𝑔(𝑘𝑘𝑡𝑡)] 1 + 𝑔𝑔(𝑘𝑘𝑡𝑡+1)
𝑘𝑘𝑡𝑡+1 − 𝑔𝑔(𝑘𝑘𝑡𝑡+1) (A5) 

 

Forward equity income at time 𝑡𝑡 + 1 𝐼𝐼𝑡𝑡+1
𝑓𝑓  is given by 𝑃𝑃𝑡𝑡+1𝑑𝑑𝑡𝑡+1

𝑓𝑓 . Substituting in equations A3 and A5 
yields: 

 𝐼𝐼𝑡𝑡+1
𝑓𝑓 = [𝑘𝑘𝑡𝑡 − 𝑔𝑔(𝑘𝑘𝑡𝑡)] 1 + 𝑔𝑔(𝑘𝑘𝑡𝑡+1)

𝑘𝑘𝑡𝑡+1 − 𝑔𝑔(𝑘𝑘𝑡𝑡+1)[[𝑘𝑘𝑡𝑡 − 𝑔𝑔(𝑘𝑘𝑡𝑡)] + [1 − 𝑔𝑔′(𝑘𝑘𝑡𝑡+1)][𝑘𝑘𝑡𝑡+1 − 𝑘𝑘𝑡𝑡]] (A6) 

 

Substituting in 𝑔𝑔𝑡𝑡 = 𝛼𝛼𝑘𝑘𝑡𝑡 and A1 into A3 produces equation 13 in the paper: 

 𝑑𝑑𝑡𝑡+1
𝑓𝑓 = 𝑑𝑑𝑡𝑡

𝑓𝑓 + (1 − 𝛼𝛼)[𝑘𝑘𝑡𝑡+1 − 𝑘𝑘𝑡𝑡] 
 

(A7) 

Substituting in 𝑔𝑔𝑡𝑡 = 𝛼𝛼𝑘𝑘𝑡𝑡 into A10 and simplifying produces equation 14 in the paper: 

 𝐼𝐼𝑡𝑡+1
𝑓𝑓 = (1 − 𝛼𝛼)𝑘𝑘𝑡𝑡(1 + 𝛼𝛼𝑘𝑘𝑡𝑡+1) (A8) 

 

Finally, equity income growth 𝐼𝐼𝑡𝑡+1
𝑔𝑔 = 𝐼𝐼𝑡𝑡+1

𝑓𝑓 /𝐼𝐼𝑡𝑡
𝑓𝑓 is given by: 

 

Appendix 
Derivation of Equation 12 
The forward dividend yield at time 𝑡𝑡 + 1 can be written as: 
 

 𝑑𝑑𝑡𝑡+1
𝑓𝑓 = 𝑘𝑘𝑡𝑡+1 − 𝑔𝑔(𝑘𝑘𝑡𝑡+1) (A1) 

Thus, 

 𝜕𝜕𝑑𝑑𝑡𝑡+1
𝑓𝑓

𝜕𝜕𝑘𝑘𝑡𝑡+1
= 1 − 𝑔𝑔′(𝑘𝑘𝑡𝑡+1) 

(A2) 

 

Taking the first-order Taylor Series expansion of A5 around 𝑘𝑘𝑡𝑡 yields: 

 𝑑𝑑𝑡𝑡+1
𝑓𝑓 ≈ [𝑘𝑘𝑡𝑡 − 𝑔𝑔(𝑘𝑘𝑡𝑡)] + [1 − 𝑔𝑔′(𝑘𝑘𝑡𝑡+1)][𝑘𝑘𝑡𝑡+1 − 𝑘𝑘𝑡𝑡] (A3) 

 

The price of equity at 𝑡𝑡 + 1 can be written as: 

 𝑃𝑃𝑡𝑡 +1 =
𝐷𝐷𝑡𝑡+1(1 + 𝑔𝑔(𝑘𝑘𝑡𝑡+1))

𝑘𝑘𝑡𝑡+1 − 𝑔𝑔(𝑘𝑘𝑡𝑡+1) =
𝐷𝐷𝑡𝑡(1 + 𝑔𝑔(𝑘𝑘𝑡𝑡))(1 + 𝑔𝑔(𝑘𝑘𝑡𝑡+1))

𝑘𝑘𝑡𝑡+1 − 𝑔𝑔(𝑘𝑘𝑡𝑡+1)  (A4) 

 

Without loss of generality, normalizing the price of equity at time 𝑡𝑡 to 1 implies that 𝐷𝐷𝑡𝑡(1 + 𝑔𝑔(𝑘𝑘𝑡𝑡)) =
𝑑𝑑𝑡𝑡

𝑓𝑓 = 𝑘𝑘𝑡𝑡 − 𝑔𝑔(𝑘𝑘𝑡𝑡) and therefore:  

 𝑃𝑃𝑡𝑡 +1 = [𝑘𝑘𝑡𝑡 − 𝑔𝑔(𝑘𝑘𝑡𝑡)] 1 + 𝑔𝑔(𝑘𝑘𝑡𝑡+1)
𝑘𝑘𝑡𝑡+1 − 𝑔𝑔(𝑘𝑘𝑡𝑡+1) (A5) 

 

Forward equity income at time 𝑡𝑡 + 1 𝐼𝐼𝑡𝑡+1
𝑓𝑓  is given by 𝑃𝑃𝑡𝑡+1𝑑𝑑𝑡𝑡+1

𝑓𝑓 . Substituting in equations A3 and A5 
yields: 

 𝐼𝐼𝑡𝑡+1
𝑓𝑓 = [𝑘𝑘𝑡𝑡 − 𝑔𝑔(𝑘𝑘𝑡𝑡)] 1 + 𝑔𝑔(𝑘𝑘𝑡𝑡+1)

𝑘𝑘𝑡𝑡+1 − 𝑔𝑔(𝑘𝑘𝑡𝑡+1)[[𝑘𝑘𝑡𝑡 − 𝑔𝑔(𝑘𝑘𝑡𝑡)] + [1 − 𝑔𝑔′(𝑘𝑘𝑡𝑡+1)][𝑘𝑘𝑡𝑡+1 − 𝑘𝑘𝑡𝑡]] (A6) 

 

Substituting in 𝑔𝑔𝑡𝑡 = 𝛼𝛼𝑘𝑘𝑡𝑡 and A1 into A3 produces equation 13 in the paper: 

 𝑑𝑑𝑡𝑡+1
𝑓𝑓 = 𝑑𝑑𝑡𝑡

𝑓𝑓 + (1 − 𝛼𝛼)[𝑘𝑘𝑡𝑡+1 − 𝑘𝑘𝑡𝑡] 
 

(A7) 

Substituting in 𝑔𝑔𝑡𝑡 = 𝛼𝛼𝑘𝑘𝑡𝑡 into A10 and simplifying produces equation 14 in the paper: 

 𝐼𝐼𝑡𝑡+1
𝑓𝑓 = (1 − 𝛼𝛼)𝑘𝑘𝑡𝑡(1 + 𝛼𝛼𝑘𝑘𝑡𝑡+1) (A8) 

 

Finally, equity income growth 𝐼𝐼𝑡𝑡+1
𝑔𝑔 = 𝐼𝐼𝑡𝑡+1

𝑓𝑓 /𝐼𝐼𝑡𝑡
𝑓𝑓 is given by: 

 

 and therefore 

Appendix 
Derivation of Equation 12 
The forward dividend yield at time 𝑡𝑡 + 1 can be written as: 
 

 𝑑𝑑𝑡𝑡+1
𝑓𝑓 = 𝑘𝑘𝑡𝑡+1 − 𝑔𝑔(𝑘𝑘𝑡𝑡+1) (A1) 

Thus, 

 𝜕𝜕𝑑𝑑𝑡𝑡+1
𝑓𝑓

𝜕𝜕𝑘𝑘𝑡𝑡+1
= 1 − 𝑔𝑔′(𝑘𝑘𝑡𝑡+1) 

(A2) 

 

Taking the first-order Taylor Series expansion of A5 around 𝑘𝑘𝑡𝑡 yields: 

 𝑑𝑑𝑡𝑡+1
𝑓𝑓 ≈ [𝑘𝑘𝑡𝑡 − 𝑔𝑔(𝑘𝑘𝑡𝑡)] + [1 − 𝑔𝑔′(𝑘𝑘𝑡𝑡+1)][𝑘𝑘𝑡𝑡+1 − 𝑘𝑘𝑡𝑡] (A3) 

 

The price of equity at 𝑡𝑡 + 1 can be written as: 

 𝑃𝑃𝑡𝑡 +1 =
𝐷𝐷𝑡𝑡+1(1 + 𝑔𝑔(𝑘𝑘𝑡𝑡+1))

𝑘𝑘𝑡𝑡+1 − 𝑔𝑔(𝑘𝑘𝑡𝑡+1) =
𝐷𝐷𝑡𝑡(1 + 𝑔𝑔(𝑘𝑘𝑡𝑡))(1 + 𝑔𝑔(𝑘𝑘𝑡𝑡+1))

𝑘𝑘𝑡𝑡+1 − 𝑔𝑔(𝑘𝑘𝑡𝑡+1)  (A4) 

 

Without loss of generality, normalizing the price of equity at time 𝑡𝑡 to 1 implies that 𝐷𝐷𝑡𝑡(1 + 𝑔𝑔(𝑘𝑘𝑡𝑡)) =
𝑑𝑑𝑡𝑡

𝑓𝑓 = 𝑘𝑘𝑡𝑡 − 𝑔𝑔(𝑘𝑘𝑡𝑡) and therefore:  

 𝑃𝑃𝑡𝑡 +1 = [𝑘𝑘𝑡𝑡 − 𝑔𝑔(𝑘𝑘𝑡𝑡)] 1 + 𝑔𝑔(𝑘𝑘𝑡𝑡+1)
𝑘𝑘𝑡𝑡+1 − 𝑔𝑔(𝑘𝑘𝑡𝑡+1) (A5) 

 

Forward equity income at time 𝑡𝑡 + 1 𝐼𝐼𝑡𝑡+1
𝑓𝑓  is given by 𝑃𝑃𝑡𝑡+1𝑑𝑑𝑡𝑡+1

𝑓𝑓 . Substituting in equations A3 and A5 
yields: 

 𝐼𝐼𝑡𝑡+1
𝑓𝑓 = [𝑘𝑘𝑡𝑡 − 𝑔𝑔(𝑘𝑘𝑡𝑡)] 1 + 𝑔𝑔(𝑘𝑘𝑡𝑡+1)

𝑘𝑘𝑡𝑡+1 − 𝑔𝑔(𝑘𝑘𝑡𝑡+1)[[𝑘𝑘𝑡𝑡 − 𝑔𝑔(𝑘𝑘𝑡𝑡)] + [1 − 𝑔𝑔′(𝑘𝑘𝑡𝑡+1)][𝑘𝑘𝑡𝑡+1 − 𝑘𝑘𝑡𝑡]] (A6) 

 

Substituting in 𝑔𝑔𝑡𝑡 = 𝛼𝛼𝑘𝑘𝑡𝑡 and A1 into A3 produces equation 13 in the paper: 

 𝑑𝑑𝑡𝑡+1
𝑓𝑓 = 𝑑𝑑𝑡𝑡

𝑓𝑓 + (1 − 𝛼𝛼)[𝑘𝑘𝑡𝑡+1 − 𝑘𝑘𝑡𝑡] 
 

(A7) 

Substituting in 𝑔𝑔𝑡𝑡 = 𝛼𝛼𝑘𝑘𝑡𝑡 into A10 and simplifying produces equation 14 in the paper: 

 𝐼𝐼𝑡𝑡+1
𝑓𝑓 = (1 − 𝛼𝛼)𝑘𝑘𝑡𝑡(1 + 𝛼𝛼𝑘𝑘𝑡𝑡+1) (A8) 

 

Finally, equity income growth 𝐼𝐼𝑡𝑡+1
𝑔𝑔 = 𝐼𝐼𝑡𝑡+1

𝑓𝑓 /𝐼𝐼𝑡𝑡
𝑓𝑓 is given by: 

 

. (A5) 

Forward equity income at time 

Appendix 
Derivation of Equation 12 
The forward dividend yield at time 𝑡𝑡 + 1 can be written as: 
 

 𝑑𝑑𝑡𝑡+1
𝑓𝑓 = 𝑘𝑘𝑡𝑡+1 − 𝑔𝑔(𝑘𝑘𝑡𝑡+1) (A1) 

Thus, 

 𝜕𝜕𝑑𝑑𝑡𝑡+1
𝑓𝑓

𝜕𝜕𝑘𝑘𝑡𝑡+1
= 1 − 𝑔𝑔′(𝑘𝑘𝑡𝑡+1) 

(A2) 

 

Taking the first-order Taylor Series expansion of A5 around 𝑘𝑘𝑡𝑡 yields: 

 𝑑𝑑𝑡𝑡+1
𝑓𝑓 ≈ [𝑘𝑘𝑡𝑡 − 𝑔𝑔(𝑘𝑘𝑡𝑡)] + [1 − 𝑔𝑔′(𝑘𝑘𝑡𝑡+1)][𝑘𝑘𝑡𝑡+1 − 𝑘𝑘𝑡𝑡] (A3) 

 

The price of equity at 𝑡𝑡 + 1 can be written as: 

 𝑃𝑃𝑡𝑡 +1 =
𝐷𝐷𝑡𝑡+1(1 + 𝑔𝑔(𝑘𝑘𝑡𝑡+1))

𝑘𝑘𝑡𝑡+1 − 𝑔𝑔(𝑘𝑘𝑡𝑡+1) =
𝐷𝐷𝑡𝑡(1 + 𝑔𝑔(𝑘𝑘𝑡𝑡))(1 + 𝑔𝑔(𝑘𝑘𝑡𝑡+1))

𝑘𝑘𝑡𝑡+1 − 𝑔𝑔(𝑘𝑘𝑡𝑡+1)  (A4) 

 

Without loss of generality, normalizing the price of equity at time 𝑡𝑡 to 1 implies that 𝐷𝐷𝑡𝑡(1 + 𝑔𝑔(𝑘𝑘𝑡𝑡)) =
𝑑𝑑𝑡𝑡

𝑓𝑓 = 𝑘𝑘𝑡𝑡 − 𝑔𝑔(𝑘𝑘𝑡𝑡) and therefore:  

 𝑃𝑃𝑡𝑡 +1 = [𝑘𝑘𝑡𝑡 − 𝑔𝑔(𝑘𝑘𝑡𝑡)] 1 + 𝑔𝑔(𝑘𝑘𝑡𝑡+1)
𝑘𝑘𝑡𝑡+1 − 𝑔𝑔(𝑘𝑘𝑡𝑡+1) (A5) 

 

Forward equity income at time 𝑡𝑡 + 1 𝐼𝐼𝑡𝑡+1
𝑓𝑓  is given by 𝑃𝑃𝑡𝑡+1𝑑𝑑𝑡𝑡+1

𝑓𝑓 . Substituting in equations A3 and A5 
yields: 

 𝐼𝐼𝑡𝑡+1
𝑓𝑓 = [𝑘𝑘𝑡𝑡 − 𝑔𝑔(𝑘𝑘𝑡𝑡)] 1 + 𝑔𝑔(𝑘𝑘𝑡𝑡+1)

𝑘𝑘𝑡𝑡+1 − 𝑔𝑔(𝑘𝑘𝑡𝑡+1)[[𝑘𝑘𝑡𝑡 − 𝑔𝑔(𝑘𝑘𝑡𝑡)] + [1 − 𝑔𝑔′(𝑘𝑘𝑡𝑡+1)][𝑘𝑘𝑡𝑡+1 − 𝑘𝑘𝑡𝑡]] (A6) 

 

Substituting in 𝑔𝑔𝑡𝑡 = 𝛼𝛼𝑘𝑘𝑡𝑡 and A1 into A3 produces equation 13 in the paper: 

 𝑑𝑑𝑡𝑡+1
𝑓𝑓 = 𝑑𝑑𝑡𝑡

𝑓𝑓 + (1 − 𝛼𝛼)[𝑘𝑘𝑡𝑡+1 − 𝑘𝑘𝑡𝑡] 
 

(A7) 

Substituting in 𝑔𝑔𝑡𝑡 = 𝛼𝛼𝑘𝑘𝑡𝑡 into A10 and simplifying produces equation 14 in the paper: 

 𝐼𝐼𝑡𝑡+1
𝑓𝑓 = (1 − 𝛼𝛼)𝑘𝑘𝑡𝑡(1 + 𝛼𝛼𝑘𝑘𝑡𝑡+1) (A8) 

 

Finally, equity income growth 𝐼𝐼𝑡𝑡+1
𝑔𝑔 = 𝐼𝐼𝑡𝑡+1

𝑓𝑓 /𝐼𝐼𝑡𝑡
𝑓𝑓 is given by: 

 

 is given by 

Appendix 
Derivation of Equation 12 
The forward dividend yield at time 𝑡𝑡 + 1 can be written as: 
 

 𝑑𝑑𝑡𝑡+1
𝑓𝑓 = 𝑘𝑘𝑡𝑡+1 − 𝑔𝑔(𝑘𝑘𝑡𝑡+1) (A1) 

Thus, 

 𝜕𝜕𝑑𝑑𝑡𝑡+1
𝑓𝑓

𝜕𝜕𝑘𝑘𝑡𝑡+1
= 1 − 𝑔𝑔′(𝑘𝑘𝑡𝑡+1) 

(A2) 

 

Taking the first-order Taylor Series expansion of A5 around 𝑘𝑘𝑡𝑡 yields: 

 𝑑𝑑𝑡𝑡+1
𝑓𝑓 ≈ [𝑘𝑘𝑡𝑡 − 𝑔𝑔(𝑘𝑘𝑡𝑡)] + [1 − 𝑔𝑔′(𝑘𝑘𝑡𝑡+1)][𝑘𝑘𝑡𝑡+1 − 𝑘𝑘𝑡𝑡] (A3) 

 

The price of equity at 𝑡𝑡 + 1 can be written as: 

 𝑃𝑃𝑡𝑡 +1 =
𝐷𝐷𝑡𝑡+1(1 + 𝑔𝑔(𝑘𝑘𝑡𝑡+1))

𝑘𝑘𝑡𝑡+1 − 𝑔𝑔(𝑘𝑘𝑡𝑡+1) =
𝐷𝐷𝑡𝑡(1 + 𝑔𝑔(𝑘𝑘𝑡𝑡))(1 + 𝑔𝑔(𝑘𝑘𝑡𝑡+1))

𝑘𝑘𝑡𝑡+1 − 𝑔𝑔(𝑘𝑘𝑡𝑡+1)  (A4) 

 

Without loss of generality, normalizing the price of equity at time 𝑡𝑡 to 1 implies that 𝐷𝐷𝑡𝑡(1 + 𝑔𝑔(𝑘𝑘𝑡𝑡)) =
𝑑𝑑𝑡𝑡

𝑓𝑓 = 𝑘𝑘𝑡𝑡 − 𝑔𝑔(𝑘𝑘𝑡𝑡) and therefore:  

 𝑃𝑃𝑡𝑡 +1 = [𝑘𝑘𝑡𝑡 − 𝑔𝑔(𝑘𝑘𝑡𝑡)] 1 + 𝑔𝑔(𝑘𝑘𝑡𝑡+1)
𝑘𝑘𝑡𝑡+1 − 𝑔𝑔(𝑘𝑘𝑡𝑡+1) (A5) 

 

Forward equity income at time 𝑡𝑡 + 1 𝐼𝐼𝑡𝑡+1
𝑓𝑓  is given by 𝑃𝑃𝑡𝑡+1𝑑𝑑𝑡𝑡+1

𝑓𝑓 . Substituting in equations A3 and A5 
yields: 

 𝐼𝐼𝑡𝑡+1
𝑓𝑓 = [𝑘𝑘𝑡𝑡 − 𝑔𝑔(𝑘𝑘𝑡𝑡)] 1 + 𝑔𝑔(𝑘𝑘𝑡𝑡+1)

𝑘𝑘𝑡𝑡+1 − 𝑔𝑔(𝑘𝑘𝑡𝑡+1)[[𝑘𝑘𝑡𝑡 − 𝑔𝑔(𝑘𝑘𝑡𝑡)] + [1 − 𝑔𝑔′(𝑘𝑘𝑡𝑡+1)][𝑘𝑘𝑡𝑡+1 − 𝑘𝑘𝑡𝑡]] (A6) 

 

Substituting in 𝑔𝑔𝑡𝑡 = 𝛼𝛼𝑘𝑘𝑡𝑡 and A1 into A3 produces equation 13 in the paper: 

 𝑑𝑑𝑡𝑡+1
𝑓𝑓 = 𝑑𝑑𝑡𝑡

𝑓𝑓 + (1 − 𝛼𝛼)[𝑘𝑘𝑡𝑡+1 − 𝑘𝑘𝑡𝑡] 
 

(A7) 

Substituting in 𝑔𝑔𝑡𝑡 = 𝛼𝛼𝑘𝑘𝑡𝑡 into A10 and simplifying produces equation 14 in the paper: 

 𝐼𝐼𝑡𝑡+1
𝑓𝑓 = (1 − 𝛼𝛼)𝑘𝑘𝑡𝑡(1 + 𝛼𝛼𝑘𝑘𝑡𝑡+1) (A8) 

 

Finally, equity income growth 𝐼𝐼𝑡𝑡+1
𝑔𝑔 = 𝐼𝐼𝑡𝑡+1

𝑓𝑓 /𝐼𝐼𝑡𝑡
𝑓𝑓 is given by: 

 

. Substituting in Equations A3 and A5 yields 

Appendix 
Derivation of Equation 12 
The forward dividend yield at time 𝑡𝑡 + 1 can be written as: 
 

 𝑑𝑑𝑡𝑡+1
𝑓𝑓 = 𝑘𝑘𝑡𝑡+1 − 𝑔𝑔(𝑘𝑘𝑡𝑡+1) (A1) 

Thus, 

 𝜕𝜕𝑑𝑑𝑡𝑡+1
𝑓𝑓

𝜕𝜕𝑘𝑘𝑡𝑡+1
= 1 − 𝑔𝑔′(𝑘𝑘𝑡𝑡+1) 

(A2) 

 

Taking the first-order Taylor Series expansion of A5 around 𝑘𝑘𝑡𝑡 yields: 

 𝑑𝑑𝑡𝑡+1
𝑓𝑓 ≈ [𝑘𝑘𝑡𝑡 − 𝑔𝑔(𝑘𝑘𝑡𝑡)] + [1 − 𝑔𝑔′(𝑘𝑘𝑡𝑡+1)][𝑘𝑘𝑡𝑡+1 − 𝑘𝑘𝑡𝑡] (A3) 

 

The price of equity at 𝑡𝑡 + 1 can be written as: 

 𝑃𝑃𝑡𝑡 +1 =
𝐷𝐷𝑡𝑡+1(1 + 𝑔𝑔(𝑘𝑘𝑡𝑡+1))

𝑘𝑘𝑡𝑡+1 − 𝑔𝑔(𝑘𝑘𝑡𝑡+1) =
𝐷𝐷𝑡𝑡(1 + 𝑔𝑔(𝑘𝑘𝑡𝑡))(1 + 𝑔𝑔(𝑘𝑘𝑡𝑡+1))

𝑘𝑘𝑡𝑡+1 − 𝑔𝑔(𝑘𝑘𝑡𝑡+1)  (A4) 

 

Without loss of generality, normalizing the price of equity at time 𝑡𝑡 to 1 implies that 𝐷𝐷𝑡𝑡(1 + 𝑔𝑔(𝑘𝑘𝑡𝑡)) =
𝑑𝑑𝑡𝑡

𝑓𝑓 = 𝑘𝑘𝑡𝑡 − 𝑔𝑔(𝑘𝑘𝑡𝑡) and therefore:  

 𝑃𝑃𝑡𝑡 +1 = [𝑘𝑘𝑡𝑡 − 𝑔𝑔(𝑘𝑘𝑡𝑡)] 1 + 𝑔𝑔(𝑘𝑘𝑡𝑡+1)
𝑘𝑘𝑡𝑡+1 − 𝑔𝑔(𝑘𝑘𝑡𝑡+1) (A5) 

 

Forward equity income at time 𝑡𝑡 + 1 𝐼𝐼𝑡𝑡+1
𝑓𝑓  is given by 𝑃𝑃𝑡𝑡+1𝑑𝑑𝑡𝑡+1

𝑓𝑓 . Substituting in equations A3 and A5 
yields: 

 𝐼𝐼𝑡𝑡+1
𝑓𝑓 = [𝑘𝑘𝑡𝑡 − 𝑔𝑔(𝑘𝑘𝑡𝑡)] 1 + 𝑔𝑔(𝑘𝑘𝑡𝑡+1)

𝑘𝑘𝑡𝑡+1 − 𝑔𝑔(𝑘𝑘𝑡𝑡+1)[[𝑘𝑘𝑡𝑡 − 𝑔𝑔(𝑘𝑘𝑡𝑡)] + [1 − 𝑔𝑔′(𝑘𝑘𝑡𝑡+1)][𝑘𝑘𝑡𝑡+1 − 𝑘𝑘𝑡𝑡]] (A6) 

 

Substituting in 𝑔𝑔𝑡𝑡 = 𝛼𝛼𝑘𝑘𝑡𝑡 and A1 into A3 produces equation 13 in the paper: 

 𝑑𝑑𝑡𝑡+1
𝑓𝑓 = 𝑑𝑑𝑡𝑡

𝑓𝑓 + (1 − 𝛼𝛼)[𝑘𝑘𝑡𝑡+1 − 𝑘𝑘𝑡𝑡] 
 

(A7) 

Substituting in 𝑔𝑔𝑡𝑡 = 𝛼𝛼𝑘𝑘𝑡𝑡 into A10 and simplifying produces equation 14 in the paper: 

 𝐼𝐼𝑡𝑡+1
𝑓𝑓 = (1 − 𝛼𝛼)𝑘𝑘𝑡𝑡(1 + 𝛼𝛼𝑘𝑘𝑡𝑡+1) (A8) 

 

Finally, equity income growth 𝐼𝐼𝑡𝑡+1
𝑔𝑔 = 𝐼𝐼𝑡𝑡+1

𝑓𝑓 /𝐼𝐼𝑡𝑡
𝑓𝑓 is given by: 

 

.  (A6) 

Substituting in gt = αkt and Equation A1 into Equation A3 produces Equation 9 in the paper:

Appendix 
Derivation of Equation 12 
The forward dividend yield at time 𝑡𝑡 + 1 can be written as: 
 

 𝑑𝑑𝑡𝑡+1
𝑓𝑓 = 𝑘𝑘𝑡𝑡+1 − 𝑔𝑔(𝑘𝑘𝑡𝑡+1) (A1) 

Thus, 

 𝜕𝜕𝑑𝑑𝑡𝑡+1
𝑓𝑓

𝜕𝜕𝑘𝑘𝑡𝑡+1
= 1 − 𝑔𝑔′(𝑘𝑘𝑡𝑡+1) 

(A2) 

 

Taking the first-order Taylor Series expansion of A5 around 𝑘𝑘𝑡𝑡 yields: 

 𝑑𝑑𝑡𝑡+1
𝑓𝑓 ≈ [𝑘𝑘𝑡𝑡 − 𝑔𝑔(𝑘𝑘𝑡𝑡)] + [1 − 𝑔𝑔′(𝑘𝑘𝑡𝑡+1)][𝑘𝑘𝑡𝑡+1 − 𝑘𝑘𝑡𝑡] (A3) 

 

The price of equity at 𝑡𝑡 + 1 can be written as: 

 𝑃𝑃𝑡𝑡 +1 =
𝐷𝐷𝑡𝑡+1(1 + 𝑔𝑔(𝑘𝑘𝑡𝑡+1))

𝑘𝑘𝑡𝑡+1 − 𝑔𝑔(𝑘𝑘𝑡𝑡+1) =
𝐷𝐷𝑡𝑡(1 + 𝑔𝑔(𝑘𝑘𝑡𝑡))(1 + 𝑔𝑔(𝑘𝑘𝑡𝑡+1))

𝑘𝑘𝑡𝑡+1 − 𝑔𝑔(𝑘𝑘𝑡𝑡+1)  (A4) 

 

Without loss of generality, normalizing the price of equity at time 𝑡𝑡 to 1 implies that 𝐷𝐷𝑡𝑡(1 + 𝑔𝑔(𝑘𝑘𝑡𝑡)) =
𝑑𝑑𝑡𝑡

𝑓𝑓 = 𝑘𝑘𝑡𝑡 − 𝑔𝑔(𝑘𝑘𝑡𝑡) and therefore:  

 𝑃𝑃𝑡𝑡 +1 = [𝑘𝑘𝑡𝑡 − 𝑔𝑔(𝑘𝑘𝑡𝑡)] 1 + 𝑔𝑔(𝑘𝑘𝑡𝑡+1)
𝑘𝑘𝑡𝑡+1 − 𝑔𝑔(𝑘𝑘𝑡𝑡+1) (A5) 

 

Forward equity income at time 𝑡𝑡 + 1 𝐼𝐼𝑡𝑡+1
𝑓𝑓  is given by 𝑃𝑃𝑡𝑡+1𝑑𝑑𝑡𝑡+1

𝑓𝑓 . Substituting in equations A3 and A5 
yields: 

 𝐼𝐼𝑡𝑡+1
𝑓𝑓 = [𝑘𝑘𝑡𝑡 − 𝑔𝑔(𝑘𝑘𝑡𝑡)] 1 + 𝑔𝑔(𝑘𝑘𝑡𝑡+1)

𝑘𝑘𝑡𝑡+1 − 𝑔𝑔(𝑘𝑘𝑡𝑡+1)[[𝑘𝑘𝑡𝑡 − 𝑔𝑔(𝑘𝑘𝑡𝑡)] + [1 − 𝑔𝑔′(𝑘𝑘𝑡𝑡+1)][𝑘𝑘𝑡𝑡+1 − 𝑘𝑘𝑡𝑡]] (A6) 

 

Substituting in 𝑔𝑔𝑡𝑡 = 𝛼𝛼𝑘𝑘𝑡𝑡 and A1 into A3 produces equation 13 in the paper: 

 𝑑𝑑𝑡𝑡+1
𝑓𝑓 = 𝑑𝑑𝑡𝑡

𝑓𝑓 + (1 − 𝛼𝛼)[𝑘𝑘𝑡𝑡+1 − 𝑘𝑘𝑡𝑡] 
 

(A7) 

Substituting in 𝑔𝑔𝑡𝑡 = 𝛼𝛼𝑘𝑘𝑡𝑡 into A10 and simplifying produces equation 14 in the paper: 

 𝐼𝐼𝑡𝑡+1
𝑓𝑓 = (1 − 𝛼𝛼)𝑘𝑘𝑡𝑡(1 + 𝛼𝛼𝑘𝑘𝑡𝑡+1) (A8) 

 

Finally, equity income growth 𝐼𝐼𝑡𝑡+1
𝑔𝑔 = 𝐼𝐼𝑡𝑡+1

𝑓𝑓 /𝐼𝐼𝑡𝑡
𝑓𝑓 is given by: 

 

. (A7)

and therefore

Appendix 
Derivation of Equation 12 
The forward dividend yield at time 𝑡𝑡 + 1 can be written as: 
 

 𝑑𝑑𝑡𝑡+1
𝑓𝑓 = 𝑘𝑘𝑡𝑡+1 − 𝑔𝑔(𝑘𝑘𝑡𝑡+1) (A1) 

Thus, 

 𝜕𝜕𝑑𝑑𝑡𝑡+1
𝑓𝑓

𝜕𝜕𝑘𝑘𝑡𝑡+1
= 1 − 𝑔𝑔′(𝑘𝑘𝑡𝑡+1) 

(A2) 

 

Taking the first-order Taylor Series expansion of A5 around 𝑘𝑘𝑡𝑡 yields: 

 𝑑𝑑𝑡𝑡+1
𝑓𝑓 ≈ [𝑘𝑘𝑡𝑡 − 𝑔𝑔(𝑘𝑘𝑡𝑡)] + [1 − 𝑔𝑔′(𝑘𝑘𝑡𝑡+1)][𝑘𝑘𝑡𝑡+1 − 𝑘𝑘𝑡𝑡] (A3) 

 

The price of equity at 𝑡𝑡 + 1 can be written as: 

 𝑃𝑃𝑡𝑡 +1 =
𝐷𝐷𝑡𝑡+1(1 + 𝑔𝑔(𝑘𝑘𝑡𝑡+1))

𝑘𝑘𝑡𝑡+1 − 𝑔𝑔(𝑘𝑘𝑡𝑡+1) =
𝐷𝐷𝑡𝑡(1 + 𝑔𝑔(𝑘𝑘𝑡𝑡))(1 + 𝑔𝑔(𝑘𝑘𝑡𝑡+1))

𝑘𝑘𝑡𝑡+1 − 𝑔𝑔(𝑘𝑘𝑡𝑡+1)  (A4) 

 

Without loss of generality, normalizing the price of equity at time 𝑡𝑡 to 1 implies that 𝐷𝐷𝑡𝑡(1 + 𝑔𝑔(𝑘𝑘𝑡𝑡)) =
𝑑𝑑𝑡𝑡

𝑓𝑓 = 𝑘𝑘𝑡𝑡 − 𝑔𝑔(𝑘𝑘𝑡𝑡) and therefore:  

 𝑃𝑃𝑡𝑡 +1 = [𝑘𝑘𝑡𝑡 − 𝑔𝑔(𝑘𝑘𝑡𝑡)] 1 + 𝑔𝑔(𝑘𝑘𝑡𝑡+1)
𝑘𝑘𝑡𝑡+1 − 𝑔𝑔(𝑘𝑘𝑡𝑡+1) (A5) 

 

Forward equity income at time 𝑡𝑡 + 1 𝐼𝐼𝑡𝑡+1
𝑓𝑓  is given by 𝑃𝑃𝑡𝑡+1𝑑𝑑𝑡𝑡+1

𝑓𝑓 . Substituting in equations A3 and A5 
yields: 

 𝐼𝐼𝑡𝑡+1
𝑓𝑓 = [𝑘𝑘𝑡𝑡 − 𝑔𝑔(𝑘𝑘𝑡𝑡)] 1 + 𝑔𝑔(𝑘𝑘𝑡𝑡+1)

𝑘𝑘𝑡𝑡+1 − 𝑔𝑔(𝑘𝑘𝑡𝑡+1)[[𝑘𝑘𝑡𝑡 − 𝑔𝑔(𝑘𝑘𝑡𝑡)] + [1 − 𝑔𝑔′(𝑘𝑘𝑡𝑡+1)][𝑘𝑘𝑡𝑡+1 − 𝑘𝑘𝑡𝑡]] (A6) 

 

Substituting in 𝑔𝑔𝑡𝑡 = 𝛼𝛼𝑘𝑘𝑡𝑡 and A1 into A3 produces equation 13 in the paper: 

 𝑑𝑑𝑡𝑡+1
𝑓𝑓 = 𝑑𝑑𝑡𝑡

𝑓𝑓 + (1 − 𝛼𝛼)[𝑘𝑘𝑡𝑡+1 − 𝑘𝑘𝑡𝑡] 
 

(A7) 

Substituting in 𝑔𝑔𝑡𝑡 = 𝛼𝛼𝑘𝑘𝑡𝑡 into A10 and simplifying produces equation 14 in the paper: 

 𝐼𝐼𝑡𝑡+1
𝑓𝑓 = (1 − 𝛼𝛼)𝑘𝑘𝑡𝑡(1 + 𝛼𝛼𝑘𝑘𝑡𝑡+1) (A8) 

 

Finally, equity income growth 𝐼𝐼𝑡𝑡+1
𝑔𝑔 = 𝐼𝐼𝑡𝑡+1

𝑓𝑓 /𝐼𝐼𝑡𝑡
𝑓𝑓 is given by: 

 

. (A8)

Finally, equity income growth 

Appendix 
Derivation of Equation 12 
The forward dividend yield at time 𝑡𝑡 + 1 can be written as: 
 

 𝑑𝑑𝑡𝑡+1
𝑓𝑓 = 𝑘𝑘𝑡𝑡+1 − 𝑔𝑔(𝑘𝑘𝑡𝑡+1) (A1) 

Thus, 

 𝜕𝜕𝑑𝑑𝑡𝑡+1
𝑓𝑓

𝜕𝜕𝑘𝑘𝑡𝑡+1
= 1 − 𝑔𝑔′(𝑘𝑘𝑡𝑡+1) 

(A2) 

 

Taking the first-order Taylor Series expansion of A5 around 𝑘𝑘𝑡𝑡 yields: 

 𝑑𝑑𝑡𝑡+1
𝑓𝑓 ≈ [𝑘𝑘𝑡𝑡 − 𝑔𝑔(𝑘𝑘𝑡𝑡)] + [1 − 𝑔𝑔′(𝑘𝑘𝑡𝑡+1)][𝑘𝑘𝑡𝑡+1 − 𝑘𝑘𝑡𝑡] (A3) 

 

The price of equity at 𝑡𝑡 + 1 can be written as: 

 𝑃𝑃𝑡𝑡 +1 =
𝐷𝐷𝑡𝑡+1(1 + 𝑔𝑔(𝑘𝑘𝑡𝑡+1))

𝑘𝑘𝑡𝑡+1 − 𝑔𝑔(𝑘𝑘𝑡𝑡+1) =
𝐷𝐷𝑡𝑡(1 + 𝑔𝑔(𝑘𝑘𝑡𝑡))(1 + 𝑔𝑔(𝑘𝑘𝑡𝑡+1))

𝑘𝑘𝑡𝑡+1 − 𝑔𝑔(𝑘𝑘𝑡𝑡+1)  (A4) 

 

Without loss of generality, normalizing the price of equity at time 𝑡𝑡 to 1 implies that 𝐷𝐷𝑡𝑡(1 + 𝑔𝑔(𝑘𝑘𝑡𝑡)) =
𝑑𝑑𝑡𝑡

𝑓𝑓 = 𝑘𝑘𝑡𝑡 − 𝑔𝑔(𝑘𝑘𝑡𝑡) and therefore:  

 𝑃𝑃𝑡𝑡 +1 = [𝑘𝑘𝑡𝑡 − 𝑔𝑔(𝑘𝑘𝑡𝑡)] 1 + 𝑔𝑔(𝑘𝑘𝑡𝑡+1)
𝑘𝑘𝑡𝑡+1 − 𝑔𝑔(𝑘𝑘𝑡𝑡+1) (A5) 

 

Forward equity income at time 𝑡𝑡 + 1 𝐼𝐼𝑡𝑡+1
𝑓𝑓  is given by 𝑃𝑃𝑡𝑡+1𝑑𝑑𝑡𝑡+1

𝑓𝑓 . Substituting in equations A3 and A5 
yields: 

 𝐼𝐼𝑡𝑡+1
𝑓𝑓 = [𝑘𝑘𝑡𝑡 − 𝑔𝑔(𝑘𝑘𝑡𝑡)] 1 + 𝑔𝑔(𝑘𝑘𝑡𝑡+1)

𝑘𝑘𝑡𝑡+1 − 𝑔𝑔(𝑘𝑘𝑡𝑡+1)[[𝑘𝑘𝑡𝑡 − 𝑔𝑔(𝑘𝑘𝑡𝑡)] + [1 − 𝑔𝑔′(𝑘𝑘𝑡𝑡+1)][𝑘𝑘𝑡𝑡+1 − 𝑘𝑘𝑡𝑡]] (A6) 

 

Substituting in 𝑔𝑔𝑡𝑡 = 𝛼𝛼𝑘𝑘𝑡𝑡 and A1 into A3 produces equation 13 in the paper: 

 𝑑𝑑𝑡𝑡+1
𝑓𝑓 = 𝑑𝑑𝑡𝑡

𝑓𝑓 + (1 − 𝛼𝛼)[𝑘𝑘𝑡𝑡+1 − 𝑘𝑘𝑡𝑡] 
 

(A7) 

Substituting in 𝑔𝑔𝑡𝑡 = 𝛼𝛼𝑘𝑘𝑡𝑡 into A10 and simplifying produces equation 14 in the paper: 

 𝐼𝐼𝑡𝑡+1
𝑓𝑓 = (1 − 𝛼𝛼)𝑘𝑘𝑡𝑡(1 + 𝛼𝛼𝑘𝑘𝑡𝑡+1) (A8) 

 

Finally, equity income growth 𝐼𝐼𝑡𝑡+1
𝑔𝑔 = 𝐼𝐼𝑡𝑡+1

𝑓𝑓 /𝐼𝐼𝑡𝑡
𝑓𝑓 is given by: 

 

 is given by 

 𝐼𝐼𝑡𝑡+1
𝑔𝑔 =

(1 − 𝛼𝛼)𝑘𝑘𝑡𝑡(1 + 𝛼𝛼𝑘𝑘𝑡𝑡+1)
(1 − 𝛼𝛼)𝑘𝑘𝑡𝑡+1

=  
𝑘𝑘𝑡𝑡

𝑘𝑘𝑡𝑡+1
(1 + 𝛼𝛼𝑘𝑘𝑡𝑡+1) (A9) 

 

 

 

Asset return simulation details 
Nominal interest rates and credit spreads are modeled using a variation of the Cox-Ingersoll-
Ross (CIR) model. The dynamics for yields and spreads (indexed by 𝑖𝑖) are governed by the 
following equation: 
 

 ∆𝑥𝑥𝑖𝑖,𝑡𝑡 = 𝜃𝜃𝑖𝑖 (𝜇𝜇𝑖𝑖 − 𝑥𝑥𝑖𝑖,𝑡𝑡)∆𝑡𝑡 + 𝜎𝜎𝑖𝑖√𝑥𝑥𝑖𝑖,𝑡𝑡√Δ𝑡𝑡𝑧𝑧𝑖𝑖,𝑡𝑡, (A10) 
 
where 𝑥𝑥𝑖𝑖,𝑡𝑡 is the yield or spread for tenor 𝑖𝑖 in period 𝑡𝑡, 𝑧𝑧 is a multivariate Wiener process with 
correlation matrix Σ, 𝜇𝜇 is the long-term equilibrium factor level, 𝜎𝜎 is a parameter controlling 
factor volatility, and 𝜃𝜃 is a mean-reversion parameter for each tenor. All simulation paths are 
conditioned on the current level for each factor. Bond portfolio yields are determined by 
creating synthetic benchmark proxies based on underlying exposures to par bonds and by 
measuring the estimated yield along each simulation path. Finally, the bond portfolio is 
repriced according to the prevailing yields each period to create capital gains (or losses) 
alongside portfolio income. 

Equities are modeled based on the following equation: 
 

 𝑟𝑟𝑡𝑡 = 𝑟𝑟𝑡𝑡
𝑓𝑓 +  𝐸𝐸𝐸𝐸𝐸𝐸 + +𝜎𝜎𝑟𝑟√Δ𝑡𝑡𝜀𝜀𝑡𝑡, (A11) 

 
where 𝑟𝑟𝑡𝑡

𝑓𝑓 is the risk-free rate from (A10), 𝐸𝐸𝐸𝐸𝐸𝐸 is the equity risk premium, 𝜎𝜎𝑟𝑟2 is the variance of 
equity returns, and 𝜀𝜀𝑡𝑡 are standard-normal shocks with the same correlation matrix as (A10) so 
that equity shocks are consistent with bond market shocks.  
 
Forward equity dividend yields are modeled based on the estimated historical relationship 
between forward dividend yields and trailing equity market returns as 
  

 𝐼𝐼𝑡𝑡+1
𝑔𝑔 =

(1 − 𝛼𝛼)𝑘𝑘𝑡𝑡(1 + 𝛼𝛼𝑘𝑘𝑡𝑡+1)
(1 − 𝛼𝛼)𝑘𝑘𝑡𝑡+1

=  
𝑘𝑘𝑡𝑡

𝑘𝑘𝑡𝑡+1
(1 + 𝛼𝛼𝑘𝑘𝑡𝑡+1) (A9) 

 

 

 

Asset return simulation details 
Nominal interest rates and credit spreads are modeled using a variation of the Cox-Ingersoll-
Ross (CIR) model. The dynamics for yields and spreads (indexed by 𝑖𝑖) are governed by the 
following equation: 
 

 ∆𝑥𝑥𝑖𝑖,𝑡𝑡 = 𝜃𝜃𝑖𝑖 (𝜇𝜇𝑖𝑖 − 𝑥𝑥𝑖𝑖,𝑡𝑡)∆𝑡𝑡 + 𝜎𝜎𝑖𝑖√𝑥𝑥𝑖𝑖,𝑡𝑡√Δ𝑡𝑡𝑧𝑧𝑖𝑖,𝑡𝑡, (A10) 
 
where 𝑥𝑥𝑖𝑖,𝑡𝑡 is the yield or spread for tenor 𝑖𝑖 in period 𝑡𝑡, 𝑧𝑧 is a multivariate Wiener process with 
correlation matrix Σ, 𝜇𝜇 is the long-term equilibrium factor level, 𝜎𝜎 is a parameter controlling 
factor volatility, and 𝜃𝜃 is a mean-reversion parameter for each tenor. All simulation paths are 
conditioned on the current level for each factor. Bond portfolio yields are determined by 
creating synthetic benchmark proxies based on underlying exposures to par bonds and by 
measuring the estimated yield along each simulation path. Finally, the bond portfolio is 
repriced according to the prevailing yields each period to create capital gains (or losses) 
alongside portfolio income. 

Equities are modeled based on the following equation: 
 

 𝑟𝑟𝑡𝑡 = 𝑟𝑟𝑡𝑡
𝑓𝑓 +  𝐸𝐸𝐸𝐸𝐸𝐸 + +𝜎𝜎𝑟𝑟√Δ𝑡𝑡𝜀𝜀𝑡𝑡, (A11) 

 
where 𝑟𝑟𝑡𝑡

𝑓𝑓 is the risk-free rate from (A10), 𝐸𝐸𝐸𝐸𝐸𝐸 is the equity risk premium, 𝜎𝜎𝑟𝑟2 is the variance of 
equity returns, and 𝜀𝜀𝑡𝑡 are standard-normal shocks with the same correlation matrix as (A10) so 
that equity shocks are consistent with bond market shocks.  
 
Forward equity dividend yields are modeled based on the estimated historical relationship 
between forward dividend yields and trailing equity market returns as 
  

. (A9) 

e
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Asset return simulation details

Nominal interest rates and credit spreads are modeled using a variation of the Cox-Ingersoll-Ross (CIR) model. 
The dynamics for yields and spreads (indexed by i) are governed by the following equation:

 𝐼𝐼𝑡𝑡+1
𝑔𝑔 =

(1 − 𝛼𝛼)𝑘𝑘𝑡𝑡(1 + 𝛼𝛼𝑘𝑘𝑡𝑡+1)
(1 − 𝛼𝛼)𝑘𝑘𝑡𝑡+1

=  
𝑘𝑘𝑡𝑡

𝑘𝑘𝑡𝑡+1
(1 + 𝛼𝛼𝑘𝑘𝑡𝑡+1) (A9) 

 

 

 

Asset return simulation details 
Nominal interest rates and credit spreads are modeled using a variation of the Cox-Ingersoll-
Ross (CIR) model. The dynamics for yields and spreads (indexed by 𝑖𝑖) are governed by the 
following equation: 
 

 ∆𝑥𝑥𝑖𝑖,𝑡𝑡 = 𝜃𝜃𝑖𝑖 (𝜇𝜇𝑖𝑖 − 𝑥𝑥𝑖𝑖,𝑡𝑡)∆𝑡𝑡 + 𝜎𝜎𝑖𝑖√𝑥𝑥𝑖𝑖,𝑡𝑡√Δ𝑡𝑡𝑧𝑧𝑖𝑖,𝑡𝑡, (A10) 
 
where 𝑥𝑥𝑖𝑖,𝑡𝑡 is the yield or spread for tenor 𝑖𝑖 in period 𝑡𝑡, 𝑧𝑧 is a multivariate Wiener process with 
correlation matrix Σ, 𝜇𝜇 is the long-term equilibrium factor level, 𝜎𝜎 is a parameter controlling 
factor volatility, and 𝜃𝜃 is a mean-reversion parameter for each tenor. All simulation paths are 
conditioned on the current level for each factor. Bond portfolio yields are determined by 
creating synthetic benchmark proxies based on underlying exposures to par bonds and by 
measuring the estimated yield along each simulation path. Finally, the bond portfolio is 
repriced according to the prevailing yields each period to create capital gains (or losses) 
alongside portfolio income. 

Equities are modeled based on the following equation: 
 

 𝑟𝑟𝑡𝑡 = 𝑟𝑟𝑡𝑡
𝑓𝑓 +  𝐸𝐸𝐸𝐸𝐸𝐸 + +𝜎𝜎𝑟𝑟√Δ𝑡𝑡𝜀𝜀𝑡𝑡, (A11) 

 
where 𝑟𝑟𝑡𝑡

𝑓𝑓 is the risk-free rate from (A10), 𝐸𝐸𝐸𝐸𝐸𝐸 is the equity risk premium, 𝜎𝜎𝑟𝑟2 is the variance of 
equity returns, and 𝜀𝜀𝑡𝑡 are standard-normal shocks with the same correlation matrix as (A10) so 
that equity shocks are consistent with bond market shocks.  
 
Forward equity dividend yields are modeled based on the estimated historical relationship 
between forward dividend yields and trailing equity market returns as 
  

    (A10)

where xi,t is the yield or spread for tenor i in period t, z is a multivariate Wiener process with correlation matrix 
Σ, μ is the long-term equilibrium factor level, σ is a parameter controlling factor volatility, and θ is a mean-
reversion parameter for each tenor. All simulation paths are conditioned on the current level for each factor. 
Bond portfolio yields are determined by creating synthetic benchmark proxies based on underlying  
exposures to par bonds and by measuring the estimated yield along each simulation path. Finally, the bond 
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returns and εt are standard-normal shocks with the same correlation matrix as Equation A10 so that equity 
shocks are consistent with bond market shocks. 

Forward equity dividend yields are modeled based on the estimated historical relationship between forward 
dividend yields and trailing equity market returns as
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𝐸𝐸𝐸𝐸 is the trailing 12-month return from (A11) , 𝛽𝛽 = -0.5 as approximated using Robert 

Shiller’s dataset from 1952-2019, and 𝜎𝜎𝜀𝜀 = 0.2. 𝛼𝛼 is parameterized so that the average 
simulated dividend yield is 2%. To impute realized equity dividend income then, we simply 
multiply the dividend yield from A12 by the implied price level from A11. 

The table below shows our calibrated parameters for the main model inputs as well as our 
summary returns over the coming decade. 
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Source: PIMCO. IG bonds proxied by the Bloomberg Investment Grade Credit Index; HY bonds proxied by 
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proxied by the S&P 500 Index. 

 

 

 

 

 

  

Long Run Level
Cash 2.5%
2Y 2.7%
10Y 3.1%
IG Spread 1.6%
HY Spread 5.0%
ERP 3.3%

Avg Returns
IG Bonds 2.6%
HY Bonds 3.7%
EM Bonds 3.1%
US Equity 5.2%

   (A12)
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 is the trailing 12-month return from Equation A11, β = -0.5 as approximated using Robert Shiller’s 
dataset from 1952-2019 and σε = 0.2. α is parameterized so that the average simulated dividend yield is 2%.  
To impute realized equity dividend income, then, we simply multiply the dividend yield from Equation A12 by 
the implied price level from Equation A11.

The table below shows our calibrated parameters for the main model inputs as well as our summary returns 
over the coming decade.
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Long-run level
Cash 2.5%

2Y 2.7%

10Y 3.1%

IG spread 1.6%

HY spread 5.0%

ERP 3.3%

Long-run level
IG bonds 2.6%

HY bonds 3.7%

EM bonds 3.1%

U.S. equity 5.2%

Source:	PIMCO.	Investment	grade	(IG)		bonds	proxied	by	the	Bloomberg	Investment	Grade	Credit	Index;	high	yield	(HY)	bonds	proxied	by		
the	Bloomberg	High	Yield	Index;	emerging	market	(EM)	bonds	proxied	by	the	JP	Morgan	EMBI	Global	Index;	U.S.	equities	proxied	by	the	S&P	
500	Index.
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Past performance is not a guarantee or a reliable indicator of future results. All investments	contain	risk	and	may	lose	value.	Investing	in	the	bond market	is	subject	
to	risks,	including	market,	interest	rate,	issuer,	credit,	inflation	risk,	and	liquidity	risk.	The	value	of	most	bonds	and	bond	strategies	are	impacted	by	changes	in	interest	
rates.	Bonds	and	bond	strategies	with	longer	durations	tend	to	be	more	sensitive	and	volatile	than	those	with	shorter	durations;	bond	prices	generally	fall	as	interest	
rates	rise,	and	low	interest	rate	environments	increase	this	risk.	Reductions	in	bond	counterparty	capacity	may	contribute	to	decreased	market	liquidity	and	increased	
price	volatility.	Bond	investments	may	be	worth	more	or	less	than	the	original	cost	when	redeemed.	Equities may	decline	in	value	due	to	both	real	and	perceived	general	
market,	economic	and	industry	conditions.	Corporate debt securities are	subject	to	the	risk	of	the	issuer’s	inability	to	meet	principal	and	interest	payments	on	the	
obligation	and	may	also	be	subject	to	price	volatility	due	to	factors	such	as	interest	rate	sensitivity,	market	perception	of	the	creditworthiness	of	the	issuer	and	general	
market	liquidity.	Investing	in	foreign-denominated and/or -domiciled securities	may	involve	heightened	risk	due	to	currency	fluctuations,	and	economic	and	political	
risks,	which	may	be	enhanced	in	emerging	markets.	High yield, lower-rated securities	involve	greater	risk	than	higher-rated	securities;	portfolios	that	invest	in	them	
may	be	subject	to	greater	levels	of	credit	and	liquidity	risk	than	portfolios	that	do	not.	The	credit quality of	a	particular	security	or	group	of	securities	does	not	ensure	the	
stability	or	safety	of	the	overall	portfolio.	Sovereign securities	are	generally	backed	by	the	issuing	government.	Obligations	of	U.S.	government	agencies	and	authorities	
are	supported	by	varying	degrees,	but	are	generally	not	backed	by	the	full	faith	of	the	U.S.	government.	Portfolios	that	invest	in	such	securities	are	not	guaranteed	and	
will	fluctuate	in	value.	Derivatives	may	involve	certain	costs	and	risks,	such	as	liquidity,	interest	rate,	market,	credit,	management	and	the	risk	that	a	position	could	not	be	
closed	when	most	advantageous.	Investing	in	derivatives	could	lose	more	than	the	amount	invested.	
This	paper	contains	hypothetical analysis based	on	a	set	of	assumptions	that	may	or	may	not	develop	over	time.	Results	shown	may	not	be	attained	and	should	not	be	
construed	as	the	only	possibilities	that	exist.	Different	weightings	in	the	asset	allocation	illustration	will	produce	different	results.	Actual	results	will	vary	and	are	subject	
to	change	with	market	conditions.	There	is	no	guarantee	that	results	will	be	achieved.	The	analysis	reflected	in	this	information	is	based	upon	data	at	time	of	analysis.	
HYPOTHETICAL	PERFORMANCE	RESULTS	HAVE	MANY	INHERENT	LIMITATIONS,	SOME	OF	WHICH	ARE	DESCRIBED	BELOW.	NO	REPRESENTATION	IS	BEING	MADE	
THAT	ANY	ACCOUNT	WILL	OR	IS	LIKELY	TO	ACHIEVE	PROFITS	OR	LOSSES	SIMILAR	TO	THOSE	SHOWN.	IN	FACT,	THERE	ARE	FREQUENTLY	SHARP	DIFFERENCES	
BETWEEN	HYPOTHETICAL	PERFORMANCE	RESULTS	AND	THE	ACTUAL	RESULTS	SUBSEQUENTLY	ACHIEVED	BY	ANY	PARTICULAR	TRADING	PROGRAM.
ONE	OF	THE	LIMITATIONS	OF	HYPOTHETICAL	PERFORMANCE	RESULTS	IS	THAT	THEY	ARE	GENERALLY	PREPARED	WITH	THE	BENEFIT	OF	HINDSIGHT.	IN	ADDITION,	
HYPOTHETICAL	TRADING	DOES	NOT	INVOLVE	FINANCIAL	RISK,	AND	NO	HYPOTHETICAL	TRADING	RECORD	CAN	COMPLETELY	ACCOUNT	FOR	THE	IMPACT	OF	
FINANCIAL	RISK	IN	ACTUAL	TRADING.	FOR	EXAMPLE,	THE	ABILITY	TO	WITHSTAND	LOSSES	OR	TO	ADHERE	TO	A	PARTICULAR	TRADING	PROGRAM	IN	SPITE	
OF	TRADING	LOSSES	ARE	MATERIAL	POINTS	WHICH	CAN	ALSO	ADVERSELY	AFFECT	ACTUAL	TRADING	RESULTS.	THERE	ARE	NUMEROUS	OTHER	FACTORS	
RELATED	TO	THE	MARKETS	IN	GENERAL	OR	TO	THE	IMPLEMENTATION	OF	ANY	SPECIFIC	TRADING	PROGRAM	WHICH	CANNOT	BE	FULLY	ACCOUNTED	FOR	IN	THE	
PREPARATION	OF	HYPOTHETICAL	PERFORMANCE	RESULTS	AND	ALL	OF	WHICH	CAN	ADVERSELY	AFFECT	ACTUAL	TRADING	RESULTS.
Forecasts,	estimates	and	certain	information	contained	herein	are	based	upon	proprietary	research	and	should	not	be	interpreted	as	investment	advice,	as	an	offer	or	
solicitation,	nor	as	the	purchase	or	sale	of	any	financial	instrument.	Forecasts	and	estimates	have	certain	inherent	limitations,	and	unlike	an	actual	performance	record,	
do	not	reflect	actual	trading,	liquidity	constraints,	fees,	and/or	other	costs.	In	addition,	references	to	future	results	should	not	be	construed	as	an	estimate	or	promise	of	
results	that	a	client	portfolio	may	achieve.
This	material	contains	the	current	opinions	of	the	manager	and	such	opinions	are	subject	to	change	without	notice.		This	material	is	distributed	for	informational	
purposes	only	and	should	not	be	considered	as	investment	advice	or	a	recommendation	of	any	particular	security,	strategy	or	investment	product.	Information	contained	
herein	has	been	obtained	from	sources	believed	to	be	reliable,	but	not	guaranteed.
PIMCO	as	a	general	matter	provides	services	to	qualified	institutions,	financial	intermediaries	and	institutional	investors.	Individual	investors	should	contact	their	own	
financial	professional	to	determine	the	most	appropriate	investment	options	for	their	financial	situation.	This	is	not	an	offer	to	any	person	in	any	jurisdiction	where	
unlawful	or	unauthorized.	|	Pacific Investment Management Company LLC,	650	Newport	Center	Drive,	Newport	Beach,	CA	92660	is	regulated	by	the	United	States	
Securities	and	Exchange	Commission.	| PIMCO Europe Ltd (Company No. 2604517)	is	authorised	and	regulated	by	the	Financial	Conduct	Authority	(12	Endeavour	
Square,	London	E20	1JN)	in	the	UK.	The	services	provided	by	PIMCO	Europe	Ltd	are	not	available	to	retail	investors,	who	should	not	rely	on	this	communication	but	
contact	their	financial	adviser.	|	PIMCO Europe GmbH (Company No. 192083, Seidlstr. 24-24a, 80335 Munich, Germany), PIMCO Europe GmbH Italian Branch 
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