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Introduction

Thomas Piketty’s recent book Capital in the Twenty-First Century is a timely and important
contribution that turns our attention to striking long-run trends in economic inequality. A
large part of the book is thus a documentation of historical data, going further back in
time, and focusing more on the very richest in society, than have most existing economic
studies. This work is bound to remain inﬂuential. A central theme in the book, however,
goes beyond mere documentation: as the title of the book suggests, it makes predictions
about the future. Here, Piketty argues forcefully that future declines in economic growth—
stemming from slowdowns in technology or drops in population growth—will likely lead to
dramatic concentrations of economic and political power through the accumulation of capital
(or wealth) by the very richest. These predictions are the subject of the present note.
We emphasize, ﬁrst, that Piketty’s predictions are not mere extrapolations from past
data but, instead, rest importantly on the use of economic theory. This is important, since
for the predictions to be reliable, one would want to feel some comfort in the particular
theory that is used. Our main point is to make clear that there are strong reasons to doubt
the speciﬁc theory that Piketty advances.
We argue that one of the key building blocks in this theory—what he calls the second
fundamental law of capitalism—is rather implausible, for two reasons. First, we demonstrate
that it implies saving behavior that, as the growth rate approaches zero, requires the aggregate economy to save 100% of GDP each year. Such behavior is clearly hard to square with
any standard theories of how individuals save, and it is inconsistent with the ﬁndings in the
empirical literature on how individuals actually save.
Second, we look at aggregate U.S. data to try to compare Piketty’s assumption to standard, alternative theories, and we ﬁnd that the data speaks rather clearly against Piketty’s
theory. Equipped with theories that we ﬁnd more plausible, we show that even if the rate
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of economic growth were to decline all the way to zero, inequality would increase only
very modestly, in fact so modestly that we would hesitate to use this argument to make
a prediction of rising inequality. We think, in contrast, that future developments of other
determinants of wealth inequality—such as educational institutions, skill-biased technical
change, globalization, and changes in the structure of capital markets—are likely to be much
more fundamental.
Piketty’s ﬁrst law of capitalism is a deﬁnition: capital’s share of national income, y, is
r × k/y, where r is a measure of the return to capital and k is a measure of the aggregate
stock of capital. The second law, on which we focus here, is more than a deﬁnition. Though
Piketty calls it an “accounting equation”, it really is a theory, because it builds in a certain
form of saving behavior. It says that if the economy keeps the saving rate, s, constant
over time, then the capital-to-income ratio k/y must, in the long run, become equal to s/g,
where g is the economy’s growth rate. Putting the two laws together delivers the central
relationship of Piketty’s book: capital’s share of income is r × s/g. This formula is alarming
because it suggests that were the economy’s growth rate to decline towards zero, as Piketty
argues it will, capital’s share of income could increase explosively.1
This argument, in its disarming simplicity, may look attractive, but it is worrisome to
those of us who have studied basic growth theory based either on the assumption of a constant
saving rate—such as in the undergraduate textbook version of Solow’s classical model—or
on optimizing growth, along the lines of Cass (1965) and Koopmans (1965) or its counterpart
in modern macroeconomic theory. Why? Because we do not quite recognize the second law,
k/y = s/g. Did we miss something important, even fundamental, that has been right in
front of us all along?
There are no errors in the formula Piketty uses, and it is actually consistent with the
very earliest formulations of the neoclassical growth model, but it is not consistent with the
textbook model as it is generally understood by macroeconomists.2 An important purpose
of this note is precisely to relate Piketty’s theory to the textbook theory. Those of you with
standard modern training have probably already noticed the diﬀerence between Piketty’s
equation and the textbook version that we are used to. In the textbook model, the capitalto-income ratio is not s/g but rather s/(g+δ), where δ is the rate at which capital depreciates.
With the textbook formula, growth approaching zero would increase the capital-output ratio
but only very marginally; when growth falls all the way to zero, the denominator would not
go to zero but instead would go from, say 0.1—with g around 0.02 and δ = 0.08 as reasonable
1

Piketty also argues that the return to capital is insensitive to how much capital is accumulated, so that
capital’s share is driven largely by changes in k/y.
2
In the concluding section of this note, we make some remarks on the historical use of diﬀerent assumptions
on saving.
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estimates—to 0.08. As it turns out, however, the two formulas are not inconsistent because
Piketty deﬁnes his variables, such as income, y, not as the gross income (i.e., GDP) that
appears in the textbook model but rather as net income, i.e., income net of depreciation.
Similarly, the saving rate that appears in the second law is not the gross saving rate as in
the textbook model but instead what Piketty calls the “net saving rate”, i.e., the ratio of
net saving to net income.
Contrary to what Piketty suggests in his book and papers, this distinction between net
and gross variables is quite crucial for his interpretation of the second law when the growth
rate falls towards zero. This turns out to be a subtle point, because on an economy’s balanced
growth path, for any positive growth rate g, one can map any net saving rate into a gross
saving rate, and vice versa, without changing the behavior of capital accumulation. The
range of net saving rates constructed from gross saving rates, however, shrinks to zero as g
goes to zero: at g = 0, the net saving rate has to be zero no matter what the gross rate is, as
long as it is less than 100%. Conversely, if a positive net saving rate is maintained as g goes
to zero, the gross rate has to be 100%. Thus, at g = 0, either the net rate is 0 or the gross
rate is 100%. As a theory of saving, we maintain that the former is fully plausible whereas
the latter is all but plausible.
We look more closely at the Piketty’s assumption of a constant (positive) net saving
rate from two perspectives: the textbook model with an exogenous gross saving rate and a
model in which the saving rate is chosen optimally. In both settings the net savings rate
can be derived as an explicit function of g: as g changes, so ought the net saving rate.
Moreover, in all cases (even when the production for gross output is the one that Piketty
implicitly assumes) the net savings rate has to approach zero when g becomes zero.3 The
simplest theory of saving in the case without growth is the permanent-income theory (due
to Friedman (1957)): with a constant wage rate and a constant return to saving, a consumer
maintains his asset holdings at a constant level and consumes his wage plus the interest
income on the assets every year. Maintaining a constant asset level precisely means having a
net saving rate of zero. Thus, a zero net saving rate when there is no growth is very natural:
it is what one would expect. Under optimal saving behavior, this result is, moreover, very
robust.
In the event, then, that the net saving rate becomes zero as g goes to zero, the second law
of capitalism takes the nonsensical form k/y = 0/0. But it is straightforward to show that
in a neoclassical growth context, this ratio is, in fact, ﬁnite both in the textbook model of
exogenous saving and in the optimal-saving model. Moreover, whether one uses the textbook
assumption of a historically plausible 25% saving rate or an optimizing rate, when growth
3

Homburg (2014) makes a related point, using a two-period OLG setting to argue, as we do, that the
“coeﬃcient s is not exogenous but an increasing function of the growth rate . . . running through the origin”.
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falls drastically—say, from 2% to 1% or even all the way to zero—then the capital-to-income
ratio, the centerpiece of Piketty’s analysis of capitalism, does not explode but rather increases
only modestly. In conclusion, at least from the perspective of the theory that we are more
used to and ﬁnd more a priori plausible, the second law of capitalism turns out to be neither
alarming nor worrisome, and Piketty’s argument that the capital-to-income ratio is poised
to skyrocket does not seem well-founded.
These theory comparisons are made mostly based on available insights on how individuals
consume. We also look at some aggregate historical data in order to compare Piketty’s theory
with the obvious alternatives. A full investigation is beyond the scope of the present note
but in postwar U.S. data we found that the standard formulations of the theory, especially
those based on optimizing saving, line up much better with the evidence. With declines in
growth, the net saving rate has fallen historically, and it is currently actually already close
to zero. The optimizing model predicts that both the gross and the net saving rates will
vary positively with growth, and this prediction is borne out clearly in the U.S. data.
This note is organized as follows. In Sections 2–5 we describe the textbook model and
Piketty’s model in parallel—both their common components and their diﬀerences. In Section
6 we look in particular at the case where g = 0. In Section 7.1 we show how to map
the textbook saving rate into the Piketty saving rate and we show that nothing dramatic
occurs when the growth rate drops from 2% on down. Section 7.2 studies the case with an
endogenous saving rate derived from standard intertemporal utility maximization. Section
7.3 looks at U.S. data and Section 8 makes some concluding remarks.
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Ingredients common to the two models

The accounting framework:
ct + it = yt
kt+1 = (1 − δ)kt + it
yt = F (kt , zt l),
where z displays labor-augmenting technical progress and F has constant returns to scale.

3

The textbook model with an exogenous gross saving
rate

The assumptions:

4

• The production function: output, F (k, ·), is positive and increasing in k and satisﬁes
Inada conditions; in particular, F1 (k, ·) → 0 as k → ∞.4
• Behavior : investment is a constant fraction s > 0 of output. That is, it = syt .
These assumptions deliver
kt+1 = (1 − δ)kt + sF (kt , zt l)
and if zt = (1 + g)t this becomes (x̂t ≡ xt /zt )
(1 + g)k̂t+1 = (1 − δ)k̂t + sF (k̂t , l).
This means that there will be a steady state such that
k̂
s
=
.
ŷ
g+δ
So along a balanced growth path, kt /yt = s/(g + δ).
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Piketty’s model

Piketty works instead with “net” variables:
• The production function: F (k, ·) − δk is positive and increasing in k and satisﬁes an
Inada condition; in particular, F (k, ·) − δk → 0 as k → ∞.5
• Behavior : net investment is a constant fraction s̃ > 0 of net output. That is, it − δkt =
s̃(yt − δkt ).
Note that F in Piketty’s model does not satisfy the Inada condition that the textbook model
imposes on F : because the production function for net output, i.e., F̃ (k, ·) ≡ F (k, ·) − δk,
is strictly increasing, F1 (k, ·) is bounded below by δ.
Deﬁning net saving ĩt ≡ it − δkt , these assumptions deliver
kt+1 = (1 − δ)kt + it = kt + ĩt = kt + s̃F̃ (kt , zt l).
Thus for all values of g, provided s̃ > 0, capital is always increasing, because net output,
F̃ , is positive. This is true even if g is 0, or less than 0! Piketty’s assumptions, in eﬀect,
amount to more “aggressive” saving behavior than in the textbook model.
This condition on the marginal product of capital could be relaxed to F1 (k, ·) → r < δ as k → ∞ without
aﬀecting any of our results.
5
In some of Piketty’s discussions, he entertains the possibility that the net production function does not
satisfy the Inada condition. We comment on this case below.
4
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With the same kind of transformation as in the standard model, we obtain
(1 + g)k̂t+1 = k̂t + s̃F̃ (k̂t , l)
and provided g > 0 we now obtain a steady-state level of k̂ such that
k̂
s̃
= .
g
ỹˆ
(Note that net output is in the denominator, not gross output.) Along a balanced path,
kt /ỹt = s̃/g.
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Some simple steady-state comparisons

Do both models satisfy the basic growth facts? Along an exactly balanced path, for positive
g they do—and positive gs are what we have observed recently over the last hundred or so
years in developed economies. In particular, all ratios in Piketty’s model behave as they do
in the textbook model: yt grows at a constant rate and the ratio kt /yt is constant over time,
as are F1tytkt (capital’s share of income) and the return to capital (measured as F1t − δ). In
short, even though the production function and the assumption about savings behavior in
Piketty’s model diﬀer from their counterparts in the textbook model, both models can be
made consistent with the growth facts.
The consumption-output ratio (with output measured in gross terms), though not usually
mentioned explicitly among the Kaldor facts, is 1 − s in the textbook model, but in Piketty’s
model it is
ct
F̃ (kt , zt l) − ĩt
F (kt , zt l) − it
(1 − s̃)F̃ (kt , zt l)
=
=
=
.
yt
F (kt , zt l)
F (kt , zt l)
F (kt , zt l)
So what is the ratio of net to gross output in Piketty’s model? His steady state gives
(

g k̂ = s̃F̃ (k̂, l) = s̃ F (k̂, l) − δ k̂
so
F (k̂, l) =
With F̃F thus equal to
gross output of

g
,
g+δ

)

g + s̃δ
k̂
s̃

Piketty’s model implies a steady-state ratio of consumption to

g
.
g + s̃δ
That is, the lower is the rate of growth, the lower is the consumption-output ratio. Or, put
in terms of the gross saving rate, we obtain
(1 − s̃)

s(g) =

s̃(g + δ)
,
g + s̃δ
6

(1)

an expression which is decreasing in g. Thus, Piketty’s assumption of a constant net saving
rate embodies an assumption that the saving behavior is increasingly aggressive as growth
falls.
The capital-output ratios also appear very diﬀerent in the two settings. However, Piketty
uses net output in the denominator and the textbook model uses gross output. So as not
to compare apples with oranges, let us
ﬁnd the ratio
of capital to gross output in Piketty’s
(
)
model. His steady state has g k̂ = s̃ F (k̂, l) − δ k̂ , so the ratio of capital to gross output,
k̂/F (k̂, 1), becomes s̃/(g + s̃δ), to be compared with the textbook’s s/(g + δ). Similarly,
one can derive the ratio of capital to net output implied by the textbook model; it can be
calculated as:
s
kt
kt
s
g+δ
=
=
,
(2)
s =
ỹt
yt − δkt
1 − δ g+δ
g + δ(1 − s)
where the second equality involves evaluation at steady state.
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Low growth from the two perspectives

As growth goes to zero, (balanced-growth) capital to net output goes to inﬁnity in Piketty’s
model, but his ratio of capital to gross output, like that in the textbook model, stays bounded
( 1δ and δs , respectively). However, there are nevertheless sharp diﬀerences in the consumption
and capital accumulation behavior.
First, the consumption-output ratio is equal to 1 − s in the textbook model, but in
Piketty’s model it is (1 − s̃)g/(g + s̃δ) so it goes to zero as g goes to zero! A diﬀerent way
of saying this is that the conventionally measured saving rate goes to one as g goes to zero
in Piketty’s model.6
Second, Piketty’s model implies that the ratio of capital to net output goes to inﬁnity
as g goes to zero. The textbook model implies, for the same ratio, a limit s/(δ(1 − s)); for
standard values like s = 0.24 and δ = 0.08, we thus obtain a ratio a little under 4. For the
ratio between capital and gross output, the diﬀerences between the models are large too; the
textbook model delivers s/δ, i.e., 3 for standard parameters, whereas Piketty’s model gives
1/δ, i.e., as high a value as 12.5.
Third, in the textbook model capital goes to a steady state, but in Piketty’s model capital
grows without bound. Growth without a bound would not be feasible in the textbook model
6

When g is exactly zero there is no balanced-growth path in Piketty’s model, but in that case one can
show that as t → ∞ the gross savings rate goes to one (and so the consumption-output ratio goes to zero).
The gross savings rate in Piketty’s model equals (s̃ + δ(kt /ỹt ))/(1 + δ(kt /ỹt )). We will show that the ratio
kt /ỹt → ∞ as t → ∞. First, note that the diﬀerence kt+1 − kt = s̃F̃ (kt , l) is positive for all t (provided
s̃ > 0) and increases over time because F̃ (k, ·) is increasing in k, implying that kt → ∞ as t → ∞. Second,
by l’Hôpital’s rule, limk→∞ (F̃ (k, l)/k) = limk→∞ F̃1 (k, l). By the Inada condition on F̃ , this limit is 0, so
kt /ỹt → ∞.
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(without making consumption negative), because of the Inada condition on F1 . However, it
is feasible in Piketty’s model, since F1 is bounded below by δ: no matter how much capital
there is, its return is always high enough so as to replace depreciation. Thus, with weak
enough consumption demands, capital will keep accumulating.7

7

What ought one assume about the net saving rate?

Having established that for economies at g = 0, Piketty’s assumptions amount to a gross
saving rate of 100%; more generally, as g goes to zero, Piketty’s model implies a conventionally measured saving rate approaching one. We contend that this is an extreme and
rather implausible implication of his model. But to be fair, a more systematic comparison of
models, and their implication for data, is needed, so in this section we review the standard
models and look at some data. We ﬁrst look at the textbook Solow model to see what its
implications for the net saving rate is as growth rates fall toward zero. We then look at
the framework used in the empirical literature studying individual consumption behavior:
that of optimizing saving. In these settings, the saving rates, gross and net, are endogenous
and in general not constant. In this context, we also look at optimal saving in a neoclassical growth framework (along the lines of Cass and Koopmans). Given our three kinds of
settings—Piketty’s model, the textbook Solow model, and the optimal-saving model—we
summarize the diﬀerences, which in principle are testable, and use data from the postwar
U.S. for a preliminary assessment.

7.1

Deriving the net saving rate from the textbook model

Assuming that the textbook model describes saving behavior correctly, we can compute the
net saving rate as deﬁned by Piketty. It becomes
s − δ kytt
ĩt
syt − δkt
=
=
.
ỹt
yt − δkt
1 − δ kytt
7
As pointed out above, we included an Inada condition for Piketty’s model. Whereas he uses this assumption in some of the research papers on which the book is based, he also discusses a diﬀerent assumption: one
where the elasticity of the marginal product of capital with respect to capital is rather low, implying that the
Inada condition is not met. With such an assumption, the analysis of balanced growth paths would change,
as it would (at least for some parameter values) lead to “endogenous” growth, i.e., asymptotic growth at
a positive percentage rate, even though there is no technological change. We did not consider this case
since the consensus in the empirical growth literature has rejected this case, in favor of human capital and
technology accumulation as the sources of long-run growth.
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On a balanced growth path, and using the value of the ratio of capital to gross output from
the textbook model, we thus obtain
s̃(g) =

s
s − δ g+δ

1−

s
δ g+δ

=

gs
.
g + δ(1 − s)

(3)

Equation (3) shows how the function s̃(g), i.e., net saving solved out endogenously, behaves
as g changes (for a given rate of gross saving, s). As indicated above, we see that the net
saving rate goes to zero as g goes to zero, no matter what s is—unless s = 1, which is
a case that probably no one in the applied literature has taken seriously. Note too that
comparing equations (2) and (3), it is straightforward to see that in the textbook model
the capital-to-net-output ratio is equal s̃(g)/g, i.e., the net saving rate over the growth rate.
This expression looks similar to Piketty’s second law of capitalism, but the key point is,
again, that under the assumption of a constant gross saving rate, the net saving rate is not
ﬁxed but rather declines to 0 as g declines to 0.
We summarize our ﬁndings in this section in the following two ﬁgures. Figure 1 ﬁrst
uses equation (3) to display the net saving rates implied by the textbook model, as g goes
between zero and 4%, for the whole range of gross saving rates s ∈ [0, 1). Figure 2 does the
same for the gross rates implied by Piketty’s model in equation (1) for the whole range of
net rates s̃ ∈ (0, 1].
Suppose, ﬁnally, that we are interested in Piketty’s measure of capital to net output:
could it still be that it rises signiﬁcantly as g goes to zero? Equation (2) indeed shows that
as g falls, while maintaining a constant gross saving rate s, the ratio in Piketty’s second
fundamental law indeed rises. But how much does it rise? For example, assume that one
period is a year and set s = 0.3, g = 0.02, and δ = 0.08 so that k̂ŷ = 3 and k̂ỹˆ = 3.95. If
g drops to 0.01, then the ratios increase modestly to 3.33 and 4.55, respectively. But using
the second law holding s̃ constant (as Piketty does in his book and Piketty and Zucman do
in their joint papers) would lead one to believe that a halving of the growth rate would lead
to a doubling of k̂ỹˆ rather than simply a 15% increase. This is no trivial matter because a
key pillar of Piketty’s argument in his book is that rates of economic growth are slowing to
zero, leading therefore eventually to dramatic increases in the capital-to-net-income ratio,
undermining the stability of capitalism.

7.2

Deriving the net saving rate from optimization

We will now brieﬂy discuss whether Piketty’s assumed saving behavior can be rationalized
based on intertemporal optimization. There are many possible structures one could adopt
here but the most commonly used setting is one with inﬁnitely-lived dynasties, and that is
the one we will use as well. Since our focus is on the limiting case where g = 0, we will
9

Net vs. Gross Saving Rate in the ’Gross’ Model
(g=0 in bottom line; g = 0.04,0.02,0.01,0.001 in the curves (l to r))
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Figure 1
describe optimization for that case only. However, a generalization is straightforward, and
in fact we will report a quantitative assessment, based on such a model, of the eﬀect on the
ratio of capital to net output of a lowering of g from 2% to 1%. We will ﬁrst look at the
simplest possible optimal-saving problem: one in partial equilibrium where the interest rate
as well as the wage rate are constant. We will then look at a general-equilibrium economy
where the production technology is that assumed by Piketty. In both cases we will ﬁnd that
optimal behavior entails setting the net saving rate s̃, as deﬁned by Piketty, equal to zero,
and that moreover the ratio of capital to net output will be constant in the long run. Small
decreases in g will, moreover, not produce more than modest increases in this ratio.
7.2.1

A single consumer

We will assume that the consumer has preferences given by
∞
∑

β t u(ct ),

t=0

where u is an increasing and strictly concave function; concavity here implies consumption
smoothing, for which there appears to be strong support in countless empirical studies of
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Gross vs. Net Saving Rate in the ’Net’ Model
(g=0 in top line; g = 0.001,0.01,0.02,0.04 in the curves (l to r))
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Figure 2
individual consumption behavior. The consumer’s budget constraint reads
ct + kt+1 = (1 + r − δ)kt + w,
where w is a constant wage, 1 + r is the gross return from capital, and δ, as above, is the
depreciation rate.8 We take as implicit a condition preventing the consumer from pyramidscheme borrowing but otherwise assume no constraints on either saving or borrowing. The
consumer thus starts out with some capital k0 and, given a wage and a net return that are
equal to w and r − δ at all times, we ask ourselves: how will he save?
Substituting ct into the objective function and taking derivatives with respect to kt+1 ,
we obtain
u′ (ct ) = βu′ (ct+1 )(1 + r − δ).
Consumption behavior here depends critically on whether β(1 + r − δ) is above, below, or
equal to 1. Assuming ﬁrst that it is equal to 1, because this is the only case that allows an
exact steady state, we obtain a solution with constant consumption, ct = ct+1 , since u′ is
monotone. This implies, from the budget constraint, that for all t
ct = (r − δ)kt + w
8

We can equivalently think of this as an open economy: the interest rate is the world interest rate and
rkt + w is GNP.

11

and
kt = k0 .
This is the classical “permanent-income behavior”: the consumer keeps the asset holding
constant and consumes the return on the asset only plus the wage income. Here we can
identify the consumer’s net, or “disposable”, income ỹt as kt (1 + r − δ) + w. Hence, writing
ct = (1 − s̃)ỹt
and
kt+1 − kt = s̃ỹt ,
we can identify net saving as a fraction of disposable income, s̃, as 0, just as we just showed
the textbook model would imply. One can, of course, depart from β(1 + r − δ) = 1. Any
such departure would imply that s̃ would depend on time and would either begin positive
and eventually turn negative, or the other way around; loosely speaking, the rate would be
around zero. Moreover, small departures from β(1 + r − δ) = 1 would produce only small
departures from s̃ in ﬁnite time. Thus, we conclude that this model robustly predicts s̃ = 0,
along with a bounded value of k/ỹ.
The permanent-income model, thus, suggests that it is not immaterial whether one expresses saving behavior the “textbook way” or the “Piketty way”. The former is consistent
with this model but the latter is not.9 Or, rather, it is consistent only if the relevant saving
rate is zero, but this is precisely the rate that makes Piketty’s main argument—that the
ratio of capital to net income explodes at g = 0—break down.
7.2.2

General equilibrium with Piketty’s production function

We will now show that, using the production function assumed by Piketty, one cannot
rationalize his assumed saving behavior. Piketty’s assumption is that F̃ is positive so let
us use the production function F (k, l) = Ak α + δk, which satisﬁes his assumption (CobbDouglas here is not essential). This makes the economy’s resource constraint read
ct + kt+1 = Aktα + δkt + (1 − δ)kt = Aktα + kt .
So we essentially have a model with no depreciation, and clearly (as demonstrated above)
this model allows unbounded growth. What is, however, reasonable saving behavior for such
a model? Let us again use the dynastic setup.
max

{kt+1 }

∞
∑

β t u(Aktα + kt − kt+1 )

t=0

The textbook saving rate would be deﬁned by ct = (1 − s)(rkt + w) and kt+1 − kt (1 − δ) = s(rkt + w),
k
= δ ky . Depending on the initial capital stock, national income and capital will have
implying s = δ rk+w
diﬀerent values but the capital-output ratio will be δs .
9
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a problem that is concave and has a unique solution characterized by the usual, modernmacro Euler equation
α−1
1
αAkt+1
+1
=
β
α
α
Akt + kt − kt+1
Akt+1 + kt+1 − kt+2

along with a transversality condition. The Euler equation admits a steady state k deﬁned
uniquely by the condition
1 = β(αAk α−1 + 1)
and one can show, using standard methods, that there is convergence to this steady state
(with an accompanying convergence of consumption to a constant number).10
Put diﬀerently, even with the (unusual) production function used by Piketty—one that
admits unbounded growth without technical change—standard assumptions on behavior
(the optimization of a reasonable-looking utility function) delivers a steady state, quite in
contrast with Piketty’s assumption on saving. His assumption on saving is that s̃ > 0, which
the above analysis shows must not hold, but rather s̃ = 0 is optimal in the long run. This,
again, must obviously hold since net saving is kt+1 −kt and this is zero whenever the economy
reaches a steady state.

7.3

Postwar U.S. data

The data we use is postwar U.S. annual time series for output and net and gross savings rates
since 1950.11 Although this time period is too short to make truly long-run evaluations, we
do ﬁnd it instructive to look at some of its properties from the perspective of the diﬀerent
models. Our comparisons here use the steady states, or balanced growth paths, of the
diﬀerent models.12 Recall that in Piketty’s model, the net saving rate is constant over
time and independent of the growth rate g, implying that as growth increases, the implied
gross saving rate declines (equation (1) above). In contrast, the textbook version of the
Solow model has the gross saving rate constant, with the implied net saving rate responding
positively to the growth rate (equation (3)). Finally, in the usual optimizing growth model
with a standard production function, straightforward calculations show that both saving
rates (net and gross) are increasing in g. Figure 3 illustrates this using a standard calibration.
10

Clearly, in a steady state the transversality condition is met, too.
Speciﬁcally, from the FRED database we use series A023RX1A020NBEA on real gross national income, series W206RC1A156NBEA on gross saving as a percentage of gross national income, and series
W207RC1A156NBEA on net saving as a percentage of gross national income. These series are all come from
the Bureau of Economic Analysis; using them it is straightforward to construct a series for net saving as a
percentage of net national income.
12
Evaluating the dynamics is far more involved and is best left for future study.
11
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First, merely plotting the saving rates over time as in Figure 4, we observe that at least
in percentage terms, the ﬂuctuations in s̃ are larger than those in s. In this sense, if one
were to choose between making one of them constant over time, it would make more sense
to assume s constant: the textbook version of the Solow model. We also see that s̃ has fallen
gradually toward zero; it was below zero during the recent recession and over the last 5 or
so years is well approximated by zero. Thus, that s̃ will remain constant and positive in the
twenty-ﬁrst century does not appear like a good assumption at all.
Looking at how the saving rates appear to vary with growth rates, Figure 5 shows decadal
averages of saving rates and growth rates, showing a clear positive relationship. Thus, the
data is consistent with the optimizing theory in this sense. We also see that the intercept
for s̃, at g = 0, is negative, if anything, not positive. Thus, projecting into the future based
on Piketty’s second fundamental law, with g going to zero, appears unwise.
Let us ﬁnally brieﬂy comment on Piketty’s point of view; clearly, since his assumptions
on saving are non-standard, relative to the applied economics literature, a comparison with
the standard model ought to be a main concern in his works, where he does appear to claim
that his model allows an accurate account of the historical data. At the very least, one would
like to see a comparison between his theory and more standard theory. Piketty and Zucman
(2014) studies capital accumulation in a cross-section of countries from the perspective of
14
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his formulation of aggregate saving but does not address, to the best of our knowledge,
the central question of how net savings rates vary with growth rates.13 Tables 3 and 4 in
this paper report net savings rates and growth rates in a small cross-section of developed
countries for the period 1970–2010; here there seems to be no systematic relationship between
net savings rates and growth rates. But this is not surprising because, as Piketty himself
notes in his work, countries diﬀer in all sorts of ways (attitudes towards saving, institutional
structures for savings, etc.) that one would want to control for. What would be required
instead, expanding on our analysis of U.S. data, is a panel study of a cross-section countries
with country-speciﬁc ﬁxed eﬀects using, if possible, data going much further back in time.
Such an analysis is beyond the scope of this paper, but we guess that such data will imply
that low-growth episodes are associated with low, not high, gross saving rates.
13

Instead, this paper uses the growth model to perform an accounting exercise: changes in Piketty and
Zucman’s broad measure of wealth that cannot be accounted for by the accumulation of savings (given the
observed savings rates) are attributed instead to capital gains, i.e., to changes in the market value of capital.
We ﬁnd this accounting exercise interesting but it is not, as far as we can see, a test that can discriminate
between diﬀerent ways of formulating the growth model.
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8

Concluding remarks

In conclusion, Piketty’s “second fundamental law of capitalism” and the central theme of
his book—that when growth goes to zero, the capital-income share increases dramatically—
appear very diﬃcult to justify, at least in light of our view of how savings decisions are
made. These views are based, ﬁrst, on the fact that we ﬁnd a 100% gross saving rate—the
implication of Piketty’s model when growth approaches zero—implausible; and, second, on
the large empirical literature studying individual consumption behavior. We also take a ﬁrst
look at U.S. postwar data and ﬁnd, roughly speaking, that the optimal-saving model—that
is, the model used in the applied microeconomics literature and by Cass and Koopmans
in a growth context—seems to ﬁt the data the best, somewhat better than the textbook
Solow model. Piketty’s model, on the other hand, does not appear consistent with this
data. Equipped with the models we thus deem better capable of describing actual saving
behavior, we then revisit Piketty’s main concern: the evolution of inequality in the 21st
century. Using these models as a basis for prediction, we robustly ﬁnd very modest eﬀects
of a declining growth rate on the capital-output ratio, and hence on inequality. Thus, we
ﬁnd Piketty’s second law quite misleading, and certainly not fundamental; we in fact think
that the fundamental causes of wealth inequality are to be found elsewhere.
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As a matter of history of economic thought, in making his assumptions on saving Piketty
has respectable forerunners, to say the least. Solow’s celebrated 1956 paper on economic
growth, in fact, assumes from the outset that the net saving rate is constant (and positive),
as do Swan’s analysis from the same year and Domar’s pioneering study in 1946. Later, in
1953, Domar posits two formulations of a growth model, one in terms of net savings rates and
one in terms of gross rates, as does Johansen in 1959.14 Phelps (1961) develops his famous
“Golden Rule” in a model with a constant net savings rate, following Solow. Finally, to
round out our quick (and surely incomplete) review of the early literature on growth models
with ﬁxed savings rates, Uzawa (1961) posits a capitalist-laborer model in which capitalists
save all and laborers save none of their income; in this model he accounts explicitly for
depreciation of the capital stock, unlike Solow (1956).
Turning to models of growth based on optimizing model, the pioneering studies of Cass
(1965) and Koopmans (1965) both explicitly account for depreciation, as does their forerunner Uzawa (1964) in a model with linear utility.15 Drawing clear lessons from this whirlwind
tour of the historical development of growth models would no doubt require much more
detailed and careful study. But we conjecture that it was not until researchers started to
take “microfoundations” seriously—in the sense of specifying explicitly the decision problem
faced by savers and identifying the state variables, such as capital, upon which their decisions
depend—that some of the confusions (apparent in our brief review of the literature) about
how to specify saving rules began to clear up. Subsequently, the modern textbook version
of the Solow growth model has universally assumed a constant gross savings rate, and we
have argued that in an environment without growth in either population or technology this
is the only assumption that makes sense.
14

Domar (1953) calls his two models the α and β models, where α and β are the gross and net savings rates,
respectively. He suggests that the β model “is more applicable to a centrally directed economy . . . rather
than to a society like the United States”. For such countries he prefers the α model. Domar also references
Duesenberry (1949), who suggests that the saving rate be a function of the rate of growth of income.
15
An even earlier forerunner, Ramsey (1928), however, does not.
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