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This paper examines the distributional consequences of a shift toward a more capital intensive technique in an economy inhabited by inﬁnitely-lived consumers and with a complete set of competitive markets. We show that income inequality goes through a form of Kuznets curve: inequality jumps when the capital intensive technique is introduced, monotically rises during the structural change, and abruptly falls when the adoption of the new technique ends. The total effect of the structural change is an increase in income inequality. Keywords: growth, structural change, income distribution, inequality. JEL classiﬁcation: O33, O41, E25.



1 Introduction The aim of this paper is to examine the evolution of income and capital distributions among heterogeneous agents in a competitive economy facing a drastic, unexpected and biased technological change. It implies a gradual shift from a labor intensive technique to a capital intensive one: the economy experiences a structural change. The accumulation of capital, which fuels structural change, results from the rational behavior of inﬁnitely-lived individuals facing a complete set of competitive markets, and differing only by their initial capital endowments. A central issue is to examine the ability of the model to generate a Kuznets curve, i.e., an ‘‘inverse-U’’ relationship between inequality and development. Zeira (1998), Hansen and Prescott (1999), or Co´rdoba (2002) have studied the aggregate implications of the introduction of a more capital
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intensive technique. As in these articles, we assume that the economy works competitively. Contrary to Zeira (1998), our economy is closed so that, due to a shortage of capital, the capital intensive technique cannot be fully and instantaneously adopted. During the structural change period, the two techniques co-exist and the economy makes a transition from a ‘‘backward’’ steady state to an ‘‘advanced’’ one. Due to the increase in demand for capital, this period is characterized by a rise in the return on capital, which stimulates aggregate saving, and a parallel fall in wages. Once the modern technique is fully adopted, the wage rate jumps to its long-run level, while the return on capital falls to equalize the discount rate. Assuming that capital is the most unequally distributed factor across agents, these movements provide the ﬁrst component of a Kuznets curve (a rise in income inequality is followed by a subsequent fall in income inequality). The second component for the generation of a Kuznets curve comes from the capital accumulation behavior of individual agents, who desire to smooth their consumption path facing a non-trivial pattern of factor prices. As in Chatterjee (1994) or in Caselli and Ventura (2000), perfect aggregation holds in the model, so that there is no causation going from distributional variables to aggregate ones. However, aggregate dynamics have non-trivial consequences on the evolution of the cross-section of income and wealth. The basic mechanism is as follows. In relative terms, agents richly endowed with capital make a transitory income gain during the structural change and will postpone consumption by saving, i.e., by accumulating extra-capital. The opposite effect holds for agents relatively richly endowed with labor. Consequently, one may expect that wealth and income inequality rise during the structural change. This article reports two results concerning the evolution of inequality. Propositions 1 and 2 show that the evolution of income inequality has a non ambiguous pattern: ﬁrst, the post-structural change in income distribution is always less equal than that of the pre-structural change. Second, income inequality always increases during the structural change. Knowing that income inequality jumps upward at time 0, and downward at the end of the structural change, we conclude that the pattern of inequality generated by the model does not differ greatly from a Kuznets curve. Proposition 3 concerns the capital distribution and shows that, contrary to income distribution, a situation for which capital inequality decreases during the early stages of structural change is possible.
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Certain limitations of our framework have already been noticed by Chatterjee (1994) as well as by Caselli and Ventura (2000). We describe inequality in a perfectly competitive economy with complete markets and inﬁnitely lived agents. The income inequality dynamics are entirely driven by the consumption smoothing behavior of individual agents. This means that there is no room for credit or labor market imperfections, which constitute a major portion of the literature (on this subject see Aghion, Caroli, and Garcia-Penalosa, 1999). Moreover, the movement affecting income or capital distribution during the structural change has no substantive welfare implications. From a normative point of view, only the intertemporal welfare distribution at time 0 matters for the assessment of the effects of structural change. Therefore, we have adopted the following plan. The ﬁrst section presents the aggregate dynamics. The second section studies distributional issues and contains the main results of this paper. 2 The Aggregate Dynamics Since aggregation across agents holds perfectly, the present section introduces an ‘‘artiﬁcial’’ representative consumer to describe the aggregate growth path of the economy. 2.1 Technology and Preferences Consider an economy with one good, which may be consumed or accumulated as productive capital, two factors, capital and labor, and two techniques, a ‘‘backward’’ one and an ‘‘advanced’’ one. There is no demographic growth or technological progress. The assumption of constant returns to scale allows us to deﬁne the technology in per worker terms. The per worker production functions associated with ‘‘backward’’ and ‘‘advanced’’ techniques are given by y ¼ minðl k; 1Þ



and y ¼ minð lk; mÞ;



ð1Þ



with y, the output per worker and k; the capital per worker. As in Zeira (1998), Hansen and Prescott (1999), Co´rdoba (2002), the crucial assumption is the fact that the advanced technique is more productive than the old one only if the stock of capital per worker exceeds a
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threshold level. This implies the following restriction on the technological parameters: : and l > l



m > 1



ð2Þ



Denoting by k  and k the operating (or efﬁcient) levels of capital per worker associated with each technique, one has: k  ¼ 1=l < k ¼ m= l: The assumption of a Leontiev production function is not crucial. Both factors can be freely reallocated from one technique to another. This means that the economy is able (and has) to ‘‘convexify’’ by using the two techniques simultaneously. Figure 1 plots the two production functions associated to the ‘‘backward’’ and ‘‘advanced’’ techniques and shows (in bold line) the aggregate production function resulting from the convexiﬁcation. This aggregate production function is formed by taking a convex combination of the two techniques:
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Fig. 1. Backward, advanced and aggregate technologies
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8 k 2 ½0; k  ½ < l k; y ¼ f ðkÞ ¼ ^rk þ w ^ ; k 2 ½k  ; k : m; k > k:
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ð3Þ



^ ¼ 1  r^k  : These two coefﬁcients are with ^r ¼ ðm  1Þ=ðk  k  Þ and w the competitive rates of remuneration of capital and labor when the two techniques operate simultaneously, i.e., both yield zero proﬁt. Outside the interval k  ; k½; competitive factor prices are not uniquely determined and form the so-called factor price frontier. In the interval ½k  ; k, the efﬁcient and competitive way for producing is achieved by using the two techniques simultaneously, while outside this interval, only one technique is applied. One has to point out that the aggregate production function is linear in the interval ½k  ; k, implying an inﬁnite elasticity of substitution between factors. In this range, if a unit of capital is added in the economy, output rises, but the rate of return does not fall. This is because the additional unit is allocated to the modern sector, with a corresponding shift in the labor force. The development process can be divided into three stages depending on the level of capital stock per worker. k ¼ k  characterizes the ‘‘backward’’ steady state, while k ¼ k corresponds to the ‘‘advanced’’ steady state. When k 2 k  ; k½; the economy experiences structural change, i.e., the transition toward a more capital intensive technique, with a corresponding gradual reallocation of labor. Since the aggregate production function is linear on this segment, competitive factor prices are constant during the structural change. There is a representative inﬁnitely-lived agent with homothetic intertemporal preferences: Z



1 0



ðcðtÞÞ1r  1 expðqtÞdt; 1r



ð4Þ



where c is consumption per worker, r > 0 and q > 0: The representative agent owns the capital stock k and provides one unit of labor each period. All markets are competitive. 2.2 The Competitive Path The competitive path achieves the maximum of (4) under the resource constraint:
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k_ ðtÞ ¼ f ðkðtÞÞ  cðtÞ;



ð5Þ



and the initial condition kð0Þ ¼ k0 : Note that the capital stock does not depreciate. To describe the structural change period, it is assumed that only the ‘‘backward’’ technique is available before time 0. Moreover, we assume the economy initially to be in its ‘‘backward’’ steady state, characterized by k ¼ k;



c ¼ y ¼ 1;



r ¼ q;



w ¼ 1  qk  ;



ð6Þ



with (r; wÞ the competitive rates of remuneration. This implies that k0 ¼ k  and constrains q to be strictly lower than l : At time 0; the ‘‘advanced’’ technique is introduced and, for strictly positive date, the competitive dynamics are driven by the differential system formed by the resource constraint (5) and the Ramsey rule: c_ ðtÞ ¼ cðtÞ  gðkðtÞÞ;



ð7Þ



where gð:Þ, the growth rate of net consumption, satisﬁes:  ð^r  qÞ=r; k 2 ½k  ; k gðkÞ ¼ 0; k > k. The fact that ^r > q insures that the competitive economy experiences the structural change. The continuity with respect to time of the consumption path for all strictly positive dates allows to set up a unique initial condition cð0Þ: The ‘‘advanced’’ steady state is characterized as follows: k ¼ k;



c ¼ y ¼ m;



r ¼ q;



w ¼ m  qk:



ð8Þ



As the ‘‘advanced’’ technique requires more capital per worker, there is a shift in demand away from labor in favor of capital. This pressure implies that, at time 0, the equilibrium real wages fall from w ¼ 1  qk  ^ , while the interest rate increases from q to r^: During the structural to w change, due to the no-cost shift of factors, both wages and interest rate ^ ; ^rÞ: When the advanced technique is fully remain constant at the level ðw adopted, the pressure on the capital market ends and the interest rate takes on its long-run value q; while the wage jumps to the higher level  ¼ m  qk: w
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The following lemma collects the main properties of the aggregate competitive path. Lemma 1: The ‘‘advanced’’ steady state is reached at a ﬁnite date T depending positively on r. A negative jump affects the level of consumption at time 0, i.e., cð0Þ < 1: The growth rates k_ =k and y_=y are positive when t 20; T ½, and necessarily decrease towards 0 as the economy approaches the ‘‘advanced’’ steady state. Proof: The competitive dynamics are illustrated by a phase diagram in the plane ðk; cÞ (see Fig. 2). The locus k_ ¼ 0 is the aggregate production function, while c_ ¼ 0 corresponds to the shaded area (k > kÞ and to the horizontal line c ¼ 0: The stable arm is under the locus k_ ¼ 0. Consequently, the jump in consumption at time 0 is negative. Moreover, the ﬁgure shows that capital, consumption and income all adjust monotically during the structural change. When the capital goes from k  to k, consumption and capital are driven by a linear differential system deﬁned by (5) and (7). cð0Þ, the level of initial consumption, and T , the duration of the structural change, are determined by solving cðT Þ ¼ c ¼ m and kðT Þ ¼ k: A way to determine T is to start from the intertemporal budget constraint at date 0:
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Fig. 2. Phase diagram
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 Z t  Z exp  rðsÞds  cðtÞdt ¼ k  þ



0



0



1



 Z t  exp  rðsÞds  wðtÞdt;



0



0



where the right-hand side is the lifetime wealth at time 0: Along the competitive path, one gets: 



cðtÞ ¼ m; cðtÞ ¼ expðgðt  T ÞÞ  m;



t>T t 2 ½0; T ;



with g  ð^r  qÞ=r: The intertemporal budget constraint is rewritten as:   expðgT Þ  expð^ rT Þ expð^ rT Þ m  þ ^r  g q ¼ k þ



^  w w ð1  expð^ rT ÞÞ þ expð^rT Þ: r^ q



ð9Þ



Equation (9) can be simpliﬁed by noting that: m ¼ ^rk þ w ^ ¼ qk þ w ; so that  w ^ ^r  q w  ¼ m  : q ^r r^q



ð10Þ



^ ¼ 1: From these, we deduce, after rearranging the Moreover, ^rk  þ w terms in (9) that T solves: r^ expðgT Þ  g expð^ rT Þ 1 ¼ : m ^r  g



ð11Þ



The left-hand side of this equation decreases with T (from 1 to 0) and increases with r (through gÞ: We deduce that T exists, is unique, and increases with r. Concerning the growth rates, it is not difﬁcult to see that k_ =k tends to zero as the economy approaches its ‘‘advanced’’ steady state. Indeed, one ^  cÞ=k: Moreover, by a continuity argument, has: k_ =k ¼ r^ þ ðw ^ in the neighborhood of k; since c ¼ ^rk þ w ^ : Looking at the c ’ r^k þ w phase diagram, we conclude that the rates of growth k_ =k and y_=y necessarily decrease near k. (
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Lemma 1 yields two main results. First, it shows that the duration of the structural change depends on the intertemporal ﬂexibility of the representative agent, i.e., on its ability to make intertemporal substitution, which decreases with r. Second, the aggregate capital and income paths make a ‘‘soft landing’’ at time T ; since their rates of growth tend to zero as the economy approaches the ‘‘advanced’’ steady state. This implies an adjustment at a decreasing rate in the later stages of the structural change. Co´rdoba (2002) gives more information concerning the aggregate dynamics and examines how the competitive structural change view of development accounts for the observed stylized facts. A crucial feature, not discussed in Co´rdoba (2002), concerns the factor price pattern during the structural change. The unbalanced technological change favors capital to the detriment of labor, implying a temporary, however durable, fall in real wages and a parallel rise in the return to capital. Ciccone (1996) asserts that such a phenomenon was observed during the 19th century in the British cotton industry. Ciccone examines how the shift toward a more capital intensive technology can explain this feature. Williamson (1985) has collected evidence showing that the British industrialization was characterized by an initial fall and a subsequent rise in relative unskilled wages compared to skilled wages. Williamson argues that these movements in the skill premium were initiated by an unskilled-labor-saving technological change, which disequilibrated factor demand. The endogenous supply responses resulting from the earlier price signals served to eliminate skill scarcities, and, thus, leveled the skill premium. Our model is in line with the evidence if we see k as a broad level of capital, including human capital.



3 The Distributional Dynamics 3.1 General Setup The representative agent mimics the aggregate behavior of a continuum of size one of consumers indexed by h; with identical homothetic intertemporal preferences. These agents are identical with respect to their labor endowment, which is unity at each instant, while they differ by their initial capital stock, which is noted k0 ðhÞ for agent h: It is a well known property of an economy with complete competitive markets and inﬁnitely lived agents that there is no stationary distribution of wealth (see
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Chatterjee (1994), Bliss (1995), or Krusell and Rios-Rull (1999)). Consequently, we assume that the initial capital distribution is exogenous. Due to the Gorman property of the utility index, a perfect aggregation theorem holds in the economy (see, e.g. Caselli and Ventura, 2000). Therefore, the aggregate dynamics is exactly the one described in the previous section, with the representative consumer endowed with the average (aggregate) capital stock. In what follows, we focus mainly on the effect of the structural change on personal income distribution knowing that kðhÞ is its only idiosyncratic component. The income of agent h is deﬁned as: yðhÞ ¼ rkðhÞ þ w:



ð12Þ



In this paper, the dynamics of inequality is entirely characterized by using the idea of bconvergence introduced in the empirical growth literature (see Barro and Sala-I-Martin, 1995, p. 88): Deﬁnition 1: Let yR ðhÞ  yðhÞ=y denote the relative income of agent h: Income inequality increases between t1 and t2 when: 8h; yR ðh; t1 Þ > 1 () yR ðh; t2 Þ  yR ðh; t1 Þ > 0:



ð13Þ



The distributional dynamics depends both on factor rewards and on the accumulation behavior of agents facing the intertemporal pattern of these rewards. These two sources can be identiﬁed by expressing the relationship between income and capital distributions: yR ðhÞ  1 ¼ a  ½kR ðhÞ  1; a ¼



rk ; y



ð14Þ



where kR ðhÞ ¼ kðhÞ=k: On the r.h.s., a; the share of capital makes a positive jump at time 0, increases continuously during the structural change, and falls abruptly at time T : By contrast, kR ðhÞ evolves without any jump. This implies that income inequality suddenly rises at time 0 and falls at time T , while it evolves continuously between these two dates. Quantitatively, the situation may be described as follows. Let yR ðhÞ and yR ðhÞ be the relative income levels of agent h at the ‘‘backward’’ (date 0) and ‘‘advanced’’ (date T ) steady states, and let yR ðh; 0þ Þ and yR ðh; T  Þ be the relative income of h just after the initial jump and before the ﬁnal one. Using (14) and knowing that both kðhÞ; k and y do not jump, one gets:
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  yR ðh; 0þ Þ  1 ¼ r^=q  yR ðhÞ  1 ; yR ðhÞ  1 ¼ q=^ r  ðyR ðh; T  Þ  1Þ:
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These equations show that the cross-section of income is affected by a ‘‘mean diversion’’ phenomenon at date 0 (^r=q > 1Þ, followed by a ‘‘mean reversion’’ one (q=^ r < 1Þ of opposite magnitude at date T . These provide the two basic components of a Kuznets curve: income inequality suddenly rises at the beginning of the structural change and falls at the end. A natural question is to want to know the overall effect of structural change on income inequality. 3.2 Inequality in the Long-run This sub-section provides an unambiguous answer to the following question: is the pre-structural change distribution of income more egalitarian than the post-structural change one? A part of income inequality dynamics is driven by the accumulation (saving) behavior of agents. Agents accumulate capital to smooth their consumption path. Due to the increase in the demand for capital, structural change is characterized by a high rate of return on capital and low wages. It implies that an agent richly endowed in capital will suffer (in relative terms) at time T ; when the structural change stops. Knowing that, he will save between 0 and T to maintain his consumption level in the future. On the contrary, an agent poorly endowed with capital will be characterized by a low accumulation rate. For this reason, structural change is expected to increase inequality. The result is contained in the following proposition: Proposition 1: Structural change increases income inequality: 8h; yR ðhÞ  1 () yR ðhÞ  yR ðhÞ  0:



ð16Þ



Proof: Steady state is characterized by the equality between income and consumption1 : cðhÞ ¼ yðhÞ; 8h: Consequently, we focus on consumption distribution. A property of the homothetic utility function is that each 1 At this stage, note that we assume that capital does not depreciate. In the case of depreciation, one has to consider that the proposition holds for the net (of depreciation) income distribution.
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consumer, regardless of lifetime wealth, chooses consumption so that it grows at the common rate gðkÞ. This means that inequality in consumption level remains constant during the structural change, except possibly at date 0; when the consumption levels jump. At time 0; the negative jumps affecting individual consumption are identical among agents. This is due to the fact that the structural change reduces the individual human wealth at time 0, which is the present value of future wages. Knowing that labor endowments are identical among agents, the fall of human wealth does not depend on the individual’s state. The same property characterizes the cross-section of consumption. Therefore, the inequality in consumption instantaneously increases at time 0: From this, we deduce the result of Proposition 1. ( As there is a one-to-one relationship between income and capital, a corollary of Proposition 1 is the fact that the structural change increases inequality in capital holdings. 3.3 Transitional Inequality Dynamics This sub-section examines the dynamics of inequality during the structural change, i.e., when t 20; T ½: We obtain the following proposition: Proposition 2: Income inequality monotically increases during the structural change: y_R ðh; tÞ  0 () yR ðh; tÞ  1;



8h; 8t 2 0; T ½:



ð17Þ



~; Proof: Let aðhÞ be the total lifetime wealth of agent h: aðhÞ ¼ kðhÞ þ w where a tilde over a variable denotes the present value of the corresponding at the current interest rate, i.e., R 1 ﬂow Rdiscounted s ~ ðtÞ ¼ t expð t rðsÞdsÞwðsÞds: We deﬁne aR ðhÞ ¼ aðhÞ=a. One w may write: aR ðhÞ ¼ zkR ðhÞ þ 1  z; where z ¼ k=a: ð18Þ A property of the homothetic utility function is that lifetime wealth grows at a common rate, implying a_ R ðh; tÞ ¼ 0; 8t 2 0; T ½: Therefore, by differentiating (18) and (14) and rearranging the terms, we obtain the linear differential equations (with time varying coefﬁcients):
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k_ R ðhÞ ¼ y_ R ðhÞ ¼



z_ =z  ½1  kR ðhÞ, ½z_ =z  a_ =a  ½1  yR ðhÞ.



243



ð19Þ



z_ =z and z_ =z  a_ =a indicate the speed of convergence (if positive) or divergence (if negative) toward the degenerate (egalitarian) distribution. Since the proposition concerns the income distribution, we focus on the second equation. We deﬁne x as the ratio z=a; such that x ¼ y=ðraÞ: Now, we examine the sense of variation of this ratio when the economy experiences the structural change, i.e., when t 20; T ½ or k 2 ½k  ; k: As k is a monotonic (increasing) function of time during structural change, it is sufﬁcient to examine the sense of variation of x with respect to k: After differentiation, one gets:   dx dy 1 da 1 ¼x  : dk dk y dk a ^ , for k 2 ½k  ; k; we deduce dy=dk ¼ r^: da=dk Knowing that y ¼ r^k þ w is expressed by ‘‘eliminating time’’ in the differential equations a_ ðtÞ ¼ ^raðtÞ  cðtÞ; t 20; T ½ and k_ ðtÞ ¼ yðtÞ  cðtÞ; we have da=dk ¼ ð^ ra  cÞ=ðy  cÞ. By substituting these expressions, we deduce:   r^ ^ra  c 1 dx ¼x  ; k 2k  ; k½ y yc a dk such that, for k 2k  ; k½: r^a dx  1:  0 () y dk



ð20Þ



^ =^r; which implies that As T < 1; it is not difﬁcult to see that a  k þ w r^a=y  1: From (20), we deduce that dx=dk  0; 8k 2k  ; k½: Therefore, the ratio x continually decreases during the structural change, i.e., when t 20; T ½: The result of Proposition 2 directly follows from this and the second equation of (19). ( The increase in income inequality during the structural change is the result of two possibly opposing forces, which are identiﬁed by the expression of the speed of divergence appearing in (19). On the one side, the structural change is accompanied by a continuous increase in the share of capital a: As capital is the more unequally distributed factor, this implies per se an increase in inequality. On the other side, there is a movement in the
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distribution of capital holding, which, as described by (19), is driven by the ratio z; measuring the importance of capital in total wealth. As we shall see in the next subsection, this second force may be unfavorable or favorable to equality depending on the stage of the structural change. However, the proposition shows that forces favoring inequality always dominate the cross-section of income dynamics. The crucial point for obtaining this result is the movement in factor rewards during the structural change. One may use Propositions 1 and 2 to characterize the dynamics of the square of the coefﬁcient of variation associated with the income distribution. The coefﬁcient of variation, V , is a measure of inequality deﬁned by: Z 2 ð21Þ V ðtÞ ¼ ðyR ðh; tÞ  1Þ2 lðdhÞ: Differentiating this expression and using (19), we show that, during the structural change, the growth rate of the coefﬁcient of variation squared is inversely related to the growth rate of the income/total wealth ratio. More precisely, we have: x_ ðV_ Þ2 ¼ 2 ; 2 x V



with x ¼ y=ra:



ð22Þ



By noting V  and V ; the coefﬁcient associated with the steady-state income distributions, we combine (22) and (15) to show that: V y ; ¼ V  qað0þ Þ



ð23Þ



where að0þ Þ is the aggregate lifetime wealth just after the initial jump. The proof of Proposition 2 has shown that the ratio deﬁned by (23) is always greater than one. Figure 3 represents the typical shape of the evolution of the coefﬁcient of variation during the structural change. There is a sudden jump at time 0, a rise during the structural change, and an abrupt fall at date T. This shape is not far from a ‘‘U-inverted’’ Kuznets curve. 3.4 The Distribution of Capital In this subsection, we show that, contrary to income inequality, inequality in capital holding may be non-monotonic during the period of transition: it may decrease in the ﬁrst stages of the structural change, and necessarily
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increase in the later stages. The precise result is contained in the following proposition: Proposition 3: Capital holdings inequality necessarily increases during the late stages of the structural change: 9t 2 ½0; T ½; such that 8t  t;



8h; k_R ðh; tÞ  0 () kR ðh; tÞ  1: ð24Þ



Moreover, when r ¼ 1 (logarithmic case), we have: t 6¼ 0 () mq=^r w ^ 1q=^r  Proof: See Appendix



q  q ^: þ 1 w ^r r^



ð25Þ (



The second part of the proposition tells us that one may not exclude a decrease in inequality at the beginning of the structural change providing that m, the output per worker associated with the advanced technique, is high. Note that the left-hand side is a geometric mean, while the righthand side is an arithmetic one. We note in the proof of Proposition 2 that capital inequality increases when aggregate capital stock grows faster than aggregate human wealth. This is always the case when the economy approaches the advanced steady state, since the growth rate of capital tends to zero while the human wealth growth rate remains strictly positive. However, we know that, during the structural change, capital grows at a decreasing rate while the growth rate of human wealth increases.
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Consequently, depending on the parameters’ conﬁguration, one may not exclude the fact that the capital inequality reaches a minimum between 0 and T : With a logarithmic utility function, this is the case if (25) holds. 4 Conclusion This paper has examined the distributional consequences of a shift toward a more capital intensive technique in an economy with competitive markets and inﬁnitely-lived consumers. When labor endowment is equally distributed across agents while capital is not, we show that the income inequality passes through a kind of Kuznets curve: inequality jumps upward when the new technique is introduced, rises with an increasing rate during the adoption period and jumps downward when the structural change ends. The overall effect is an increase in income inequality. Thus, the model illustrates that the Kuznets curve can be the outcome of an economy working competitively and facing a drastic, unexpected and biased technological change favoring capital.



Appendix Proof of Proposition 3 The ﬁrst part of the proposition is obtained by showing that the ratio z ¼ k=a necessarily decreases when the economy is not far from its ‘‘advanced’’ steady state. This is due to the fact that the rate of change k_ =k tends to zero when the capital stock approaches k (see the proof of Proposition 1); while a_ =a tends to r^  q; which is strictly positive: To see this last point, we write a_ ¼ ^ra  c; and the intertemporal budget constraint implies: c ¼ q a: Knowing that a and c are continuous, we deduce the value of a_ =aðT  Þ ¼ r^  q: The second part of the proposition concerns the logarithmic case, i.e., r ¼ 1: In such a situation the propensity to consume lifetime wealth is constant at the level q : c ¼ qa: This implies that inequality in capital holdings increases whenever the ratio k=c decreases. Along the competitive path, this ratio is expressed as a function of k, and we obtain: dðk=cÞ k dc k ¼1 : dk c dk c
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We are looking for kk 2 ½k  ; k, which will render this derivative null. This implies that for such a value, dc=dk ¼ c=k: Now, by eliminating time in the differential system formed with (5) and (7), we know that: dc gc ¼ : ^c dk ^rk þ w



ð26Þ



^ : The ‘‘policy rule’’ cðkÞ is We deduce that kk solves: cðkk Þ ¼ qkk þ w obtained by integrating (26) with the boundary condition cðkÞ ¼ m: This function solves:    ^ cðkÞ ^ c cðkÞ r^=ð^rqÞ w w  þ kþ  : k¼ þ ^r q r^ q c Consequently, if it exists, kk satisﬁes: ^ w ^ w  ¼ ^r q







  ^ c qkk þ w ^ r^=ð^rqÞ w k þ  : ^r q c



Since the right-hand side of this equation is a continuous and monotonic function of kk ; a condition for the unique kk to be in ½k  ; k is that the two following inequalities hold: 8    c   w^ qk þw^ r^=ð^rqÞ ; < ð^r  qÞ w^   k ^rq c q r^   r^=ð^rqÞ c : ð^r  qÞ w^    w^ qkþw^  k . c ^rq q r^  =q; w ^ =^r  w  =q ¼ ð^ Knowing that c=q ¼ k þ w r  qÞm=^rq; see Eq. (10), and c ¼ m; this system simpliﬁes to:  ^Þr^=ð^rqÞm1^r=ð^rqÞ ; ^  ðqk  þ w w r^=ð^ rqÞ 1^ m r=ð^rqÞ ; ^  ^ w qk þ w or







q=^ r



mq=^r w ^ 1q=^r  m w ^ 1q=^r 



^; qk  þ w ^: qk þ w



^ ¼ ðq=^rÞ  m þ The second inequality is always satisﬁed, indeed qk þ w ^ , and the geometric mean is lower than the arithmetic one. ð1  q=^ rÞ  w ^  c ¼ ðq=^ rÞ þ This implies that kk  k: Knowing that qk  þ w ^ ; the ﬁrst inequality implies that kk 2 ½k  ; k if: ð1  q=^ rÞ  w
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mq=^r w ^ 1q=^r 



q  q ^: þ 1 w ^r r^



This ends the proof of the proposition. Acknowledgements I wish to thank Cecilia Garcia-Penalosa, two anonymous referees and an associate editor for their helpful comments and suggestions. A part of this work has been ﬁnanced by the CNRS program ‘‘Les Enjeux Economiques de l’Innovation’’.
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