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Abstract

From the DuPont Identity, this paper derives a formula relating the percent changes in the
return on equity (ROE) to the percent changes in the DuPont components. This formula is
useful in determining the primary reasons why the ROE changed from one period to the next.
While the periodic percent change relationship is nonlinear, a simple and intuitive additive
formula is an approximation, albeit at times a poor approximation. We also convert the
periodic percent changes in the ROE and its DuPont components into their equivalent
instantaneous rates of change. These instantaneous rates of changes in the DuPont
components do precisely sum to the instantaneous rate of change in the ROE, providing a
method for analysts to both intuitively and accurately present their analysis.
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1. Introduction

The DuPont Identity isawidely cited and extensively used relationship between the return on
equity (ROE), the profit margin (PM), the total asset turnover rate (TAT), and the equity
multiplier (EM). Sometimes analysts use the DuPont Identity to compare and interpret
differences in these ratios among different firms (i.e., cross-sectional analysis). Analysts also
at times use the DuPont Identity to analyze and interpret the changes of these ratios for a
particular firm over time (i.e., time-series analysis). The existing literature on the DuPont
Identity includes various extensions to the DuPont Identity that enhance the information
revealed for cross-sectional analysis. However, we found no literature that improves the
DuPont Identity’s use for time-series analysis. To help facilitate the “time-series’ type of
comparisons, we extend the DuPont Identity to a relationship which relates the rate of change
in the ROE to the rate of change in each of its components. The new relationship should be
more useful than the DuPont Identity itself to explain why the ROE changes from one time
period to the next.

This paper presents both the theoretical relationship and a simple additive approximation
between the percent changes in the DuPont Identity components and the percent change in
the ROE. Many analysts and their audiences will find the simplicity of the additive
approximation more intuitive than the exact theoretical relationship. However, at times the
impreciseness of the approximation can lead to incorrect results. To enable analysts to
maintain precision while using the intuitively-appealing simple sum, we convert the periodic
percent changes of the DuPont components to equivalent instantaneous percent changes. The
sum of these instantaneous percent changes in the components does exactly equal the
instantaneous percent change in the ROE. While some may find the formulas for the
instantaneous percent changes daunting, we present them in a computer spreadsheet which
enables analysts to quickly and easily make the conversions.

The next section presents a short literature review of the DuPont Identity. Section 3 then
presents and explains our extension to the DuPont Identity. While this extension has a simple
and intuitive additive approximation, that approximation can at time be misleading. Section 4
shows how we can convert the periodical rates of change to equivalent instantaneous rates of
change where these instantaneous rates do exactly sum to instantaneous the rate of change in
the ROE.

2. Literature Review

Instead of “DuPont Identity,” the literature sometimes uses the labels “DuPont Equation,”
“DuPont Analysis,” or “DuPont Model.” Several articlesin the literature use the definition of
DuPont Identity in their analysis. For example, Van Voorhis et a. (1981) discuss how the
DuPont Identity can be useful to small businesses. Mishra et al. (2008) apply the DuPont
Identity to the agricultural economy in the U.S. Solliman (2007) empirically finds the
information contained in the DuPont Identity’s components is useful in determining the value
of firms;, he also finds that changes in the DuPont component ratios do have effects on
investors valuation of the firm. Dehning and Stratopoul os (2002) empirically use the DuPont
component ratios to study information-technology firms to determine their comparative
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advantages in terms of profitability and efficiency.
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Blumenthal (1998) discusses the advantages and disadvantages of the DuPont Identity
compared to other methods of analysis. Other researchers utilize the DuPont Identity to
supplement other methods of analysis. For example, Feroz et al. (2003) do “data envel opment
anaysis’ based on the DuPont Identity by converting the DuPont component ratios to
technical-efficiency equivalents. Feroz et a. then empirically demonstrate that the data
envelopment analysis does add informational value relative to just using the DuPont ratios by
themselves.

Other analysts have extended the DuPont Identity in various ways. These extensions break
the DuPont components down into subcomponents. Bruns et al. (2008) extend the DuPont
Identity to include the spreads between the return on net assets and the cost of debt to try to
better deal with the effect of financia leverage. Colin (1997) discusses how the profit margin
can be further broken down into three subcomponents:. (i) an operating profit margin, (ii) an
interest factor, and (ii) a tax factor. Callahan et a. (2007) is the most comprehensive
discussion of the DuPont Identity and many of its extensions.

While there have been severa additions to the DuPont Identity for cross-sectional analysis,
none of these extensions have improved the use of the DuPont I dentity for time-seriesanalysis.
Our paper fillsthisgap by providing what we refer to as a*® growth-rate extension to the DuPont
|dentity.”

3. Growth-Rate Extension to DuPont I dentity

The DuPont Identity as presented in Parrino et a. (2012) is as follows where the t subscript
represents the period for each variable:

ROE; = PM; TAT; EM; (1)
Where ROE = netlncome,PM _ netmcome’_l_AT _ sales andEM = ass?ts .
sales sales assets equiity

The equity multiplier (EM) also equals one plus the debt-to-equity ratio.

To convert the DuPont Identity to a relationship involving changes of these variables, define
e, p, &, and m to be the growth rates in the ROE, PM, TAT, and EM respectively. Therefore,
the following equations relate each variable at time t to its value at time t- 1.

ROE, = (1+€) ROE )
PM, = (1+p) PMy.1 A3)
TAT, = (1+8) TAT. (4)
EM, = (1+m) EMy; (5)

Equations (2), (3), (4), and (5) are standard application of growth rates where x; = (1+Q) X¢1
where g is the growth rate of a generic variable x. Also, note that this form is the same as for
compound interest because the interest rate is the growth rate of the accumulated value on an
account paying compound interest.
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If we substitute (2), (3), (4), and (5) into the DuPont Identity (1), we get:
(1+€) ROE.; = (1+p) PMy.1 (1+a) TATeq (1+m) EMey
By the associative law of multiplication, we can rearrange the terms to read:
(1+€) ROE:.; = (1+p) (1+a) (1+m) PM;.; TAT:.1 EM;.1

Since the DuPont Identity (1) applied to time t-1 states that ROE;.; = PM;.; TAT.1 EM¢.1., the
term ROE:..; exists on both sides of the equation. By dividing both sides by ROE:.;, we simply
the above equation to the following:

(1+e) = (1+p) (1+a) (1+m) (6)
We call equation (6) the “ growth rate version of the DuPont Identity.”

A linear approximation to (6) that may be more intuitive for many is:
e=zp+a+m @)

While (7) may be more intuitive for some, (6) is the exact relationship; (7) is not exact.

Table 1. DuPont Identity Example 1

Profit | Total Asset | Equity ROE
time Margin | Turnover |Multiplier
2008 5.00% 12 2.2 13.20%
2009 5.50% 0.8 2.2 9.68%
periodic % (+10.00%)| -33.33% 0.00% -26.67%
increase
instantaneous| +9.53% | -40.55% 0.00% -31.02%
% increase

For an example to apply (6) and (7), assume the ratios presented in Table 1. In this case
between 2008 and 2009, the PM increased, but the TAT decreased, while the EM stayed the
same. Since an increase in the PM causes ROE to increase and a decrease in the TAT causes
the ROE to decrease, we have opposite pressures on the ROE to change. Equations (6) and (7)
help explain why the ROE decreased in this case. While the PM increased by 10%, the TAT
decreased by over 30%, which dominated the PM effect.

For the reader’s information, we computed the growth rates in PM, TAT, EM, and ROE as

! Equation (7) does hold with equality for instantaneous growth rates. However, if we
apply (7) to periodic growth rates, then (7) only approximately holds. Later in this paper,
we show how one can convert the periodic growth rates to equivaent instantaneous growth
rates where (7) holds exactly.

78 www.macrothink.org/ajfa



- Asian Journal of Finance & Accounting
A\\ Macrothi Tll;lk 1SN 1046-052X
Institute 2012, Vol. 4, No. 2

follows:

— 04 —
PM, ~PM,, _550%-500% _,0 .
PM,, 5.00%

p

TAT, -TAT_, 08-12

a ~ = -33.33%
TAT,, 1.2

EM, -EM,, _22-22 _ ..
EM,, 2.2

m

_ 0/ —
ROE, ~ROE, _ 9.68%-1320% _ . 0,

ROE, , 13.20%

e

It is important to note that the above formulas are implied by equations (2), (3), (4), and (5).
Computing the percent increase in this manner is consistent with the concept of growth rate
whereas other definitions of percent increase are not consistent with the concept of a growth
rate.?

Table 2. DuPont Identity Example 2

Profit |Total Asset Turnover| Equity ROE
time Margin Multiplier
2008 5.00% 0.90 12 5.40%
2009 4.50% 1.08 13 6.32%
% increase |-10.00% +20.00% +8.33% [+17.00%
instantaneous|-10.54% +18.23% +8.00% |+15.70%
% increase

If we apply the approximation (7), we would conclude that the ROE decreased by
approximately 23.33% (=10%-33.33%). However, if we apply (6), we get:

(1+10.00%) - (1— 33.33%) - (1 + 0%) = 1.10-0.6667 -1= 0.7333 = (1— 26.67%)

X — X4
X,
s Sk S U . (See Financial Times—Lexiton, 2012). These are often used in computing

(X +%4)/2
returns. However, neither of these givesthe true growth rate. Hence, we argue that the
X — X4

-1

2 For ageneric variable x, a couple of other definitions of % increases are and

true % increase is given by
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which is consistent with the actual decreasein ROE by 26.67%.

Table 2 presents a second example where all three components change, but in different
directions. In this case, the approximation formula (7) indicates that the ROE should increase
by 18.33% (=-10.00%+20.00%+8.33%), whereas the precise increase in ROE is 17.00%. To
explain why the ROE rose despite a 10% decrease in the profit margin, we note that the
combined effect of the 20% and 8.33% respective increases in the TAT and the EM was
greater than the 10% decrease in the profit margin.

Table 3. DuPont Identity Example 3

Profit | Total Asset Equity ROE
time Margin | Turnover | Multiplier
2008 5.00% 0.90 13 5.85%
2009 4.85% 1.00 12 5.82%
%increase | -3.00% | +11.11% -7.69% -0.51%
instantaneous | -3.05% | +10.54% -8.00% -0.51%
% increase

Next, consider the example in Table 3. In this example, equation (7) results with a positive
0.42% approximate increase in ROE, even though the ROE actually decreased by 0.51%.
While formula (6) precisely leads to the 0.51% ROE, many would find a simple sum such as
(7) to be more intuitive. In alater section, this paper provides a description of how to convert
the periodical percent increases to equivalent instantaneous percent increases, so that (7)
holds with equality. Table 3 presents those instantaneous percentage increases for example 3.
When we add those instantaneous percentage increases, -3.04%+10.53%-8.00%, we get the
exact -0.51% change in the ROE.

Table 4. DuPont Identity Example 4

Profit |Total Asset| Equity ROE

time Margin | Turnover | Multiplier
2008 10.00% 1.28 12 15.36%
2009 9.00 1.30 14 16.38%

% increase |-10.00% | +1.56% | +16.67% |+6.64%
instantaneous| -10.54% | +1.55% | +15.42% |+6.43%
% increase

Table 4 presents an example where the growth rate formula (6) or its approximation (7) is
more useful than the DuPont Identity itself for determining the real reason behind a ROE
increase. In this example, the ROE increased by 6.64% between 2008 and 2009. Under
normal circumstances, we usually would consider an increase in the ROE to be a good result.
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In this case, however, the PM decreased by 10%, the TAT increased by 1.56%, and the Equity
Multiplier (EM) increased by 16.67%. We then conclude that the reason the ROE increased
was primarily related to the increase of the equity multiplier iby 16.67%. Had the PM
decreased by 10% and TAT increased by 1.56%, with no change in the equity multiplier, then
the ROE would have decreased by an approximate 8.44% according to (7) or an exact 8.59%
according to (6). The sharp increase in the equity multiplier is an indicator of increased
leverage, an increase in the use of debt to fund the company. While increased debt does
usually increase expected return, increased debt also increases risk (Ross et al., 2006, pp.
538-40).> One should not consider an increase in ROE due to the increase in the Equity
Multiplier (EM) to be a good thing. A sharp analyst should note that the only positive
development, a 1.56% increase in TAT is quite small compared to the 10% decrease in the PM.
As aresult, despite the ROE increasing, a good analyst would conclude that the fundamentals
of the components indicate that the firm is doing worse in 2009 than it did in 2008.

4. Converting Periodic Rates of Change to | nstantaneous Rates of Change

Many analysts and especially their respective audiences will find the approximation formula
(7) to be more intuitive than the exact relationship (6). For example, Bremster (1995, p. 8)
states that forensic accountants and forensic economists need “to present testimony in an
understandable fashion for the jury.”* However, Bremster continues, the “opposing attorney’s
goal is to diminish the jury’s confidence in the expert’s opinion.” As Spizman and Weinstein
(2008) warn, the opposing attorney could diminish a forensic accountant’s or forensic
economist’s testimony that used an approximation rather than the precise relationship by
stating, “’| wonder what other little overestimating errors you have made?” The ideal would
be to present one's results in a manner that is both understandable and precise.

This section explains why (7) is only an approximation for periodic rates of change. We then
find that (7) actually holds with equality when we deal with equivalent instantaneous rates of
change instead of periodic rates of change. We then devel op the equations for a computerized
spreadsheet that analysts can use to convert periodic rates of change to their equivalent
instantaneous rates of change.

Note that the extension (6) to the Dupont Identity applies to any equation where one variable
equals other variables multiplied together. Consider a simpler situation where Z=XY where X,
Y, and Z are three generic variables. Then

(1+2=(1+x(1+y) ©)

where z, X, and y are the annual percentage increases in variables Z, X, and Y, respectively.
Consider the specific situation where x = +30% and y = -30%. Then (1+2) = (1+30%)(1-30%),
which equals .91, which means that z=-9.1% or Z declines by 9.1%. Clearly, this

% The widely-held view that increased leverage increases expected return does not take into
account thereal options.  On the hand, according to Guthrie (2011), the relationship may no
longer be monotonic when the real option of abandoning projectsis taken into account.

* AsWaldrup et a. (2004, p. 1) note, the need for forensic accountants is more acute after the
Enron and other accounting scandals.
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exemplifies that z is not the sum of 30% and -30%. In particular, the 30% decrease had a
larger impact than did the 30% increase.

We can use instantaneous rates of changes as a way to show the differences of the impacts
between the 30% increase and the 30% decrease. Let X be the instantaneous rate of change
that is equivalent to the periodic rate of change x. By equivalent, we mean that the effect over

one period is the same, i.e,, (1+ x)=exp(X), where exp(.) is the exponentia function.®

Taking the natural logarithms of both sides gives:
X =In(1+ x) 9)

Equation (9) is how we convert a periodic rate of change to its equivalent instantaneous rate
of change.

Applying (9) to the 30% increase gives X =In(1+30%) = In(1.3) = +26.24% . However,

applying (9) to the 30% decrease gives X =In(l—30%) =In(0.7) =-35.67% . This

demonstrates that the instantaneous rate of decline of the 30% drop is greater in absolute
value than the instantaneous rate of increase corresponding to the 30% increase. This
confirms our earlier statement that the 30% drop has a greater impact than the 30% increase.

It turns out that converting the periodic rates of change to instantaneous rates of change will
result in (7) holding precisely for the instantaneous rates of change. We do this conversion

below by first repeating (6) and then replacing (1+€) with exp(€), (1+p) with exp(p), (1+g)
with exp(g) and (1+m) with exp(m):
(1+e) = (1+p) (1+a) (1+m) (6)
exp(€) = exp(p) exp(g) exp(m)
which can be simplified to:
exp(€) = exp(p+ g + M) (10)
Taking the natural logarithm of both sides of (10) gives:

E=p+g+m (11)

® Itiswell known that with an instantaneous interest rate T, the principal and interest at the
end of aperiod equals the beginning principal timesthefactor exp(r). Similarly, with an

instantaneous growth rate X , the value of the variable at the end of the period equals the
beginning value times the factor exp(X).

82 www.macrothink.org/ajfa



Asian Journal of Finance & Accounting
ISSN 1946-052X
2012, Vol. 4, No. 2

\\ Macrothink
AR Institute ™

Note that (11) is the same as (7) except that (11) holds with equality and (11) concerns the
equivalent instantaneous rates of change rather than the periodic rates of change. In summary,
by converting the periodic rates of change to their equivalent instantaneous rates, we then
meet our objective of being able to discuss the relationship of these rates as a sum rather than
using the less intuitive equation (6). Furthermore, for those who find the conversion to
equivalent instantaneous rates of change to be complicated, Table 5 provides the formulas for

a computerized spreadsheet that can easily make those conversions for the analyst.

For examples using the equivalent instantaneous rates of change, see Tables 1, 2, 3, and 4. In
particular, for example 4, the instantaneous rates of change for the PM, TAT, and EM are
-10.54%, +1.55%, and +15.42%. The sum of these equal 6.43%, which equals the equivalent
instantaneous rate of change for ROE.

5. Conclusion

Previous academic inquiries has extended the DuPont Identity to reveal more information for
cross-sectional analysis. This paper leads the effort to extend the DuPont Identity to better
serve those who use the Identity for time-series analysis. Our research presents a growth rate
extension to the DuPont Identity that enables one to determine precisely why the ROE
changes as it does by looking at the percentage increases or decreases in the PM, TAT, and
EM.

While we only extended the conventional presentation of the DuPont Identity to percent
changes in its components, our extension methodology could aso be applied to some more
complex versions of the DuPont Identity that are described in the previous literature as long as
the components are multiplied together. We encourage other researchers to pursue such
applications of our methodology in future research.

This paper presents an approximation formula (7) that will be more intuitive to many in the
analyst’s audience than the precise equation (6) we derive. However, the imprecision of (7)
could lead to some incorrect conclusions in some circumstances. Also, in the case of expert
testimony in front of a jury or ajudge, forensic accountants and forensic economists need to
present their analysisin arelatively intuitive approach, but aso need to maintain precision to

Table 5. Spreadsheet Formulas For Conversion to Equivalent Instantaneous % Increases

B C D E F

2 year ROE PM TAT EM
3 2008 =D3*E3*F3 | 0.1 1.28 1.2
4 2009 =D4*E4*F4 | 0.09 1.3 1.4
5 | gross % increase | =C4/C3 =D4/D3 =E4/E3 =F4/F3
6 | net%increase | =C5-1 =D5-1 =E5-1 =F5-1
7 | instantaneous %

increase =exp(C5) =exp(D5) =exp(E5) =exp(F5)

avoid being discredited by the opposing attorney.
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To meet both needs, we show how an
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analyst can convert the periodic percent changes to their equivalent instantaneous percent
changes so that these equivalent instantaneous percent changes do precisely add up to the
instantaneous percent change in the return on equity.
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