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a b s t r a c t A perennial case for industrial policy is based on the protection of young or emerging industries. Despite a natural association with concepts of life cycles, industrial policy has not been analyzed in the context of an industry life-cycle model. In particular, an important life-cycle characteristic, the potential for very large changes in the rate of net entry, is ignored. In this paper, we demonstrate how the impact of industrial policy depends critically on the entry and exit dynamics within an industry. We construct a model of technology adoption in which the number of ﬁrms is endogenous, and derive a set of novel predictions about the effects of protection on ﬁrm technology decisions. Speciﬁcally, we show that permanent protection can induce earlier adoption, but also decreases the probability that a given ﬁrm adopts the new technology. Likewise, we demonstrate that reducing the duration of protection results in faster adoption than permanent protection, but also reduces a given ﬁrm's probability of adoption. Finally, we show that, for industries characterized by ﬂexibility in ﬁrm numbers, protection does not change the rate of technology adoption but does increase the size and probability of a shakeout (large scale net exit). © 2011 Elsevier B.V. All rights reserved.



1. Introduction A primary justiﬁcation for protecting infant industries from foreign competition is to allow them to close the gap with more technologically advanced foreign competitors.1 For example, the justiﬁcation given by the U.S. government in 1983 for its decision to raise safeguard tariffs on foreign motorcycles was to help Harley-Davidson “introduce innovative new manufacturing and management technologies, many of which were learned from its Japanese competitors”.2 Given the pervasiveness of this argument, it is not surprising that there is an extensive literature analyzing the impact of protection on a ﬁrm's decision to innovate and adopt new technologies (e.g., see (Matsuyama, 1990; Rodrik, 1992; Miyagiwa and Ohno, 1995; Miyagiwa and Ohno, 1999; Crowley, 2006). These studies have typically analyzed protection in the context of models where the number of ﬁrms is ﬁxed (usually two ﬁrms, home and foreign, engaged in Cournot competition). However, this focus on a single domestic ﬁrm neglects a number of important issues related to the major objective of protection: the transition from an infant industry to a mature industry. These single-ﬁrm models cannot address questions concerning the diffusion of technology through an industry (i.e., how



⁎ Corresponding author. E-mail addresses: [email protected] (J. Ederington), [email protected] (P. McCalman). 1 For a recent survey of the issues see Saggi and Pack (2006). 2 For an overview of the Harley-Davidson case, see Crowley (2006). See Bown and Crowley (2005) for an overview of safeguards.



trade policy inﬂuences both the speed and likelihood of technology adoption across ﬁrms). Nor can they discuss whether trade barriers have similar effects on productivity in industries exhibiting different evolutionary patterns (i.e., different rates of net entry over time). These issues are fundamental to understanding the implications of protection, especially when it is aimed at helping infant industries close technology gaps. The starting point of our paper is a model that endogenizes both the state of technology and the number of ﬁrms in an industry (and thus endogenizes the evolution of the industry over time). The decision to endogenize industry evolution is perhaps not surprising given the centrality of endogenous entry and exit decisions in the recent inﬂuential work on ﬁrm heterogeneity and productivity by Melitz (2003) and Bernard et al. (2003). However, these papers explicitly assume the exogeneity of both ﬁrm productivity and ﬁrm heterogeneity, as they focus on the implications of trade on industry productivity. In contrast, the trade and technology diffusion literature mentioned above explicitly assumes that ﬁrm heterogeneity and productivity are endogenous. The main contribution of this paper is to demonstrate how endogenous entry and exit dynamics are also important in understanding the productivity implications of trade policy in models of endogenous technological diffusion. In the sense of combining endogenous ﬁrm heterogeneity with endogenous ﬁrm entry, our paper is most similar to Ederington and McCalman (2007, 2008), which also analyze the productivity implications of trade protection. However, these papers both assume that industries are characterized by a constant number of inﬁnitely lived ﬁrms, all of whom eventually adopt the productivity-improving technology. Thus,
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endogenous entry and exit dynamics play only a minor role in both papers.3 This paper relaxes these assumptions and shows that the endogeneity of entry and exit is critical for the analysis, since the number of ﬁrms in the market is a key variable in the determination of the impact of trade policy on innovation and adoption decisions. Speciﬁcally, this paper makes three main contributions to our understanding of the productivity implications of infant industry protection. First, it is standard in the technology adoption literature to assume that the cost of adopting a new technology declines to the point where eventually all ﬁrms in the market adopt the new technology. In contrast, we consider the case where adoption costs are bounded such that, even in the limit, some ﬁrms might optimally decide to forgo adopting a new technology. This case is important to consider because, as we show, protection has very different implications for the timing of adoption and the probability of adoption (i.e., the probability that a given ﬁrm will eventually adopt the new technology). Speciﬁcally, while protection might increase the speed at which some ﬁrms adopt new technologies, it can also decrease the probability that a given ﬁrm chooses to adopt. The reason for this difference is subtle but intuitive. Note that, with endogenous ﬁrm entry, while protection may reduce the degree of foreign competition (by placing foreign competitors at a cost disadvantage), it also increases the degree of domestic competition by encouraging new entrants into the market. Thus, protection is modeled as shifting the intensity of competition away from foreign competitors, not simply as an exogenous decrease in the degree of competition. In an industry that is initially subject to a technology gap relative to foreign competitors, such increased domestic competition has little impact early in the life of the industry (when all domestic ﬁrms are low-tech). Thus, the decline in foreign competition increases the market share of domestic ﬁrms, causing a substantial number of ﬁrms to speed up technology adoption (since increased market share implies increased beneﬁts to adopting cost-saving innovations). Intuitively, the timing of adoption is a function of current conditions, and protection can result in a temporary increase in ﬁrm size and thus increased rates of adoption. However, the decision of whether or not to adopt in the long run involves the comparison of the future proﬁt stream from adoption with the costs of adoption. As we show, this increase in domestic competition (i.e., the entry of new ﬁrms) decreases that future (postadoption) proﬁt stream and thus reduces the proportion of ﬁrms that eventually adopt. Second, we explicitly consider the implications of temporary protection, because the escape clauses in Article XIX of the General Agreement on Tariffs and Trade (GATT) that legitimize infant industry protection require any such protection to be temporary. As we show in this paper, imposing a termination date for protection has important implications for the impact of tariffs on technology adoption. Speciﬁcally, it implies an increased rate of adoption (as compared to permanent protection), but also a decreased probability of adoption. While these results may seem contradictory, the intuition is clear: removing protection at some exogenous point in the future means that the future proﬁt stream of a domestic ﬁrm will be reduced. This decreased proﬁt stream deters entry by domestic competitors, thus increasing the market share and rate of adoption by domestic ﬁrms at the time of protection. However, the lower future market share decreases the incentive to adopt new innovations, reducing the probability that a given ﬁrm chooses to adopt. 3



Ederington and McCalman (2008) investigates the effects of trade policy on symmetric countries while Ederington and McCalman (2007) considers asymmetric countries. However, the analysis in both papers is conducted under three speciﬁc conditions: universal adoption, permanent protection and a constant number of ﬁrms (i.e., ﬁxed costs of production sufﬁciently low so that the number of ﬁrms doesn't change over the industry lifetime). In this paper, we relax all three of these assumptions and demonstrate the importance of modeling entry/exit dynamics in understanding the productivity implications of trade barriers.



Finally, we extend the analysis to consider the impact of protection for industries that reach maturity through different life-cycle experiences. In particular, we consider two life-cycle scenarios: (1) stable industries where the costs of entry are relatively high and the number of ﬁrms is constant over time; and (2) ﬂexible industries where the costs of entry are relatively low, resulting in episodes of both high initial net entry and a subsequent period of high net exit (i.e. a shakeout). We show that while a tariff may affect technology diffusion in stable industries, it will have no impact on technology adoption in industries characterized by ﬂexibility in ﬁrm numbers over time. Intuitively, this is due to the fact that, with free entry and exit, it is the number of ﬁrms in the industry that adjusts to the change in tariff levels (negating any impact on an individual ﬁrm's decisions). Indeed, we show that, in such “ﬂexible” industries, protection can be counter-productive, as it will serve only to increase the size of the shakeout without having any appreciable effect on technology adoption. Furthermore, protection can cause an industry to change its life-cycle characteristics, switching from a relatively stable market structure to one which experiences a dramatic shakeout. Section 2 of the paper provides our model of a ﬁrm's decision to adopt productivity-enhancing technology under monopolistic competition. In Section 3 we consider the impact of permanent protection on the rate of adoption and the probability of adoption. Section 4 is concerned with the case of temporary protection. In Section 5 we consider the different life-cycle proﬁles of industries and how they are affected by protection. Finally, in Section 6 we conclude. 2. Model Describing industries as “infant” draws a natural analogy to the notion of a life cycle. Therefore, it is somewhat surprising that the analysis of infant industries has not been conducted in the context of a model of an industry life cycle. In this section we develop an industry life-cycle model where technological change is driven by ﬁrms' decisions to adopt new technology. The adoption decision of ﬁrms follows the standard setup as presented in Reinganum (1981). This basic framework is integrated into a model of monopolistic competition.4 While our framework is similar to Reinganum (1981) in that ﬁrms can be interpreted as pre-committing to an adoption date at time zero, it does not share an important feature of her equilibrium, that an earlier adopter does better than a later one. It was on this basis that Fudenberg and Tirole (1985) developed their model of rent equalization and preemption. In their duopoly framework, ﬁrms do not pre-commit to an adoption date but rather can alter their decision in real time in response to the actions of their rival. Under this assumption proﬁts must be equalized in equilibrium. Assuming that ﬁrms are engaged in monopolistic competition achieves both diffusion as an equilibrium outcome and the rent equalization result of Fudenberg and Tirole (1985). Moreover, this framework has the advantage that the number of ﬁrms is endogenous, an outcome that is not feasible in the Fudenberg and Tirole model. 2.1. Preferences and consumption decisions We assume that the economy has two sectors: one sector consists of a numeraire good, x0, while the other sector is characterized by



4 By considering adoption in a setting of monopolistic competition we are following Götz (1999) and Ederington and McCalman (2008). However, both of these papers use constant elasticity of substitution preferences. In contrast, we employ a quadratic utility function, which allows the degree of competition to affect the markups set by ﬁrms. Moreover, Ederington and McCalman (2008) consider symmetric countries and the decision to export. They do not address life-cycle issues associated with market structure or infant industry protection. For models that emphasize trade and technology in a strategic setting, see Bagwell and Staiger (1992); Miyagiwa and Ohno (1995) and Crowley (2006).
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differentiated products. The following quasi-linear utility function deﬁnes the preferences of a representative consumer: U ðt Þ = x0 ðt Þ + C ðt Þ



ð1Þ



where x0(t) is the consumption of the numeraire good in time t and C(t) represents an index of consumption of the differentiated goods. We assume a quadratic speciﬁcation for this consumption index which reﬂects a taste for variety 2 nðt Þ 1 nðt Þ 1  nðt Þ 2 C ðt Þ = α∫0 yði; t Þdi− ∫0 ð yði; t ÞÞ di− ∫0 yði; t Þdi 2 2



Section 2.4.1 this adoption process is gradual (i.e., not all ﬁrms adopt at the same time) resulting in considerable variation of per-period proﬁts within the industry. Intuitively, this is due to the fact that adoption by some ﬁrms reduces the proﬁts and scale of their competitors, thus reducing their incentives to adopt (and in some cases even inducing exit — see the discussion in Section 5). Eventually, the technology diffusion process will end, either because all ﬁrms have ﬁnally adopted (when k(t) → 0) or because the cost of adoption precludes any additional adoption (when k(t) is bounded). 2.3. Firm behavior



where y(i, t) represents consumption of brand i at time t and n(t) represents the number of varieties available at time t. Since the utility function is quasi-linear, demand for good i at time t is: yði; t Þ = Aðt Þ−pði; t Þ



3



ð2Þ



ðt Þ where p(i, t) is the price of good i in time t and Aðt Þ = αð1++nðntÞp ðt ÞÞ is the choke price and pðt Þ is the average price in the industry. If we treat these as individual demands, market demand follows from multiplying individual demands by population. For simplicity, we normalize population size to unity. This setup has the characteristic that demand will be stable if prices are stable. Consequently, any dynamics in the model will be driven by supply-side issues and not demand-side ﬂuctuations.



2.2. Technology In order to facilitate the analysis, the production side of the economy is kept relatively simple. We assume that all goods are produced using a single factor of production, labor. As is standard, we assume that production of the numeraire good is deﬁned by l = x0, which ensures that the equilibrium wage is equal to unity. In order to produce in the differentiated goods sector, we assume that ﬁrms must pay an entry fee of F0. Once this fee has been paid, a variety of the differentiated good can be produced using either of the two types of technology. Production using the low-productivity technology requires the payment of a per-period ﬁxed cost F along with a constant marginal cost c.5 A high-productivity technology is also available at time t = 0, but requires an additional fee of k(t). While the high-tech production process is, at least initially, not commercially viable in this country, the cost of adoption is declining over time. Thus, we assume that k′(t) b 0 and k″(t) N 0 for t ∈ [0, Tf]. However, eventually adoption costs will hit a lower bound and kðt Þ = k (and thus k′(t) = 0) for t ∈ [Tf, ∞].6 By adopting this superior technology, ﬁrms ﬁnd that their marginal cost falls to zero, though they still incur the ﬁxed per-period costs of F. Therefore, c is an index of the size of the technological innovation. The above cost function results in an intuitive pattern of industry evolution. Entry into the industry starts at time period 0. Given the cost of early adoption, these entering ﬁrms are low-tech and have high production costs. However, the decreasing cost of technology adoption implies that eventually ﬁrms will begin to adopt the hightech process, thus lowering their production costs. As we discuss in 5 This production structure is common in the trade literature and is familiar from Krugman (1980). It should be noted that F is not a quasi-ﬁxed cost, but is a true ﬁxed cost in that it is incurred even if the ﬁrm produces a quantity of zero (i.e., a ﬁrm cannot avoid paying F by being idle). Note that Ederington and McCalman (2008) assume that this per-period ﬁxed cost is zero. 6 These are standard assumptions in the technology diffusion literature (see for example Reinganum, 1981; Fudenberg and Tirole, 1985). Also see Saggi and Pack (1999) which motivates similar assumptions in an FDI setting. The only difference is that we assume k(t) is bounded from below. If k(t) → 0 then eventually all ﬁrms will adopt the new innovation and thus the only question pertains to the timing of that adoption. By bounding k(t) wecan investigate not only the timing of adoption but also how many ﬁrms will adopt the new productivity-improving technology.



The general aim of the model is to analyze the impact of trade barriers on the industrial evolution of an industry within a small, open country that faces a technology gap in competing with more productive foreign ﬁrms. To focus on the main issues, assume that the number of foreign ﬁrms is ﬁxed and that they are all high-tech. In contrast, all domestic ﬁrms are initially low-tech (i.e., they face a technology gap relative to their foreign rivals that they can close by adopting the high-tech methods). For simplicity it is assumed that domestic ﬁrms do not export.7 In this model, domestic ﬁrms have four choices to make: when to enter, what price to charge, when (if ever) to adopt the new technology, and whether (and when) to exit. Since the pricing decision is central to all of the other decisions through its effect on proﬁts, this is where we begin our characterization of ﬁrm behavior. 2.3.1. Pricing The model allows for heterogeneity in the technology choice of domestic ﬁrms. Ultimately, the goal is to derive these technological positions endogenously. However, we initially assume that some fraction q of the domestic ﬁrms are high-tech and explore the implications of this state of the world on pricing. Given linear demand and constant marginal cost, the optimal prices of domestic high-tech (pH), domestic low-tech (pL) and foreign (p*) ﬁrms (taking p as given) are: pH =



α + np α + np c α + np b ; pL = + ; p = + 2ð1 + nÞ 2ð1 + nÞ 2 2ð1 + nÞ 2



where b represents the speciﬁc tariff applied by the domestic government and n = nh + nf with nh representing the number of domestic ﬁrms and nf the number of foreign ﬁrms. This implies that the average price is: p=



=



α + np θð1−qÞc ð1−θÞb + + 2ð1 + nÞ 2 2 α θð1−qÞcð1 + nÞ ð1−θÞbð1 + nÞ + + ð2 + nÞ ð2 + nÞ ð2 + nÞ



ð3Þ



2α + cnh ð1−qÞ + bnf α + np = n+1 2+n



⇒A =



where θ represents the fraction of ﬁrms that are domestic. Using the optimal prices, we can derive the value functions for domestic per-period variable proﬁts:  πi =



2 α + np 1 + n −ci 4



=



ðA−ci Þ2 4



Since cL = c and cH = 0, high-tech ﬁrms make larger per-period proﬁts. Thus, the basic payoff to adopting a productivity-enhancing technology is that it results in lower marginal costs of production, and 7 For an analysis of that endogenizes the number of foreign ﬁrms and the export decision see Ederington and McCalman (2008).
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thus higher per-period proﬁts in equilibrium. However, since A is declining in q, the payoff to adoption is also declining in q. 2.3.2. Technological progress Next consider the technology adoption decision of a ﬁrm. Any ﬁrm takes both the number of ﬁrms and the fraction of other ﬁrms that have adopted at any point in time, q(t), as given. If a ﬁrm adopts the new technology, it chooses the adoption date T to maximize the discounted value of total proﬁts: T



−rt



Π = ∫0 e



∞



−rt



πL ðqðt ÞÞdt + ∫T e



−rt



πH ðqðt ÞÞdt−e



kðT Þ−F0 −



F r



Differentiating with respect to T yields the ﬁrst-order condition: πH −πL = rkðT Þ−k′ðT Þ



ð4Þ



The above ﬁrst-order condition demonstrates the trade-off faced by ﬁrms in the choice of when to adopt. The left-hand side is the lost proﬁts from waiting one more period to adopt the high-productivity technology, while the right-hand side is the gain from the decrease in adoption costs from delaying adoption another period. At an optimum, the ﬁrm balances the marginal beneﬁt of waiting against the marginal cost of waiting. Substituting the proﬁt differential into this ﬁrst-order condition gives: 2Ac−c2 = rkðT Þ−k′ ðT Þ 4 2ðrkðT Þ−k′ ðT ÞÞ c + A= c 2



ð5Þ



This tells us that when the ﬁrst order conditions hold, proﬁts (either πL or πH) are independent of n, α and b. That is, over the diffusion phase, A is governed by the evolution of the adoption cost.8 However, given that k(t) is bounded from below, it is possible that a subset of ﬁrms might choose never to adopt. For adoption to be proﬁtable, the present discounted value of the proﬁt differential (after the time of adoption) must outweigh the adoption cost: ∞



ˆ =∫ e Π T



−rt



−rt



½πH −πL dt N e



kðT Þ



ˆ =∫ e Π T



−rt



½πH −πL −rkðt Þ + k′ðt Þdt N0



or πH −πL NrkðT Þ−k′ ðT Þ



8 0 > > > >  2 cnh 2cnh c2 n h > > > : 1



ð6Þ



Thus, since kðt Þ = k and k′(t) = 0 at t = Tf, all ﬁrms will adopt the new technology if and only if πH ðq = 1Þ−πL ðq = 1Þ N rk. 2.4. Equilibrium outcomes 2.4.1. Technological diffusion To determine the industry equilibrium, start by assuming that all ﬁrms adopt the superior technology. That is, πH ðq = 1Þ − πL ðq = 1Þ N rk. This implies that (4) will hold for all low-technology ﬁrms at time T. However, if all low-tech ﬁrms were to adopt at once, this would cause the left-hand side of (4) to decline more rapidly than the right-hand side. Consequently, it cannot be the case that (4) holds only at a single point in time. Instead it



for t∈ ½0; TL Þ for t∈ ½TL ; TH  for t∈ ðTH ; ∞Þ



ð7Þ The above distribution function describes the process of technological progress in a small open economy. Given initially high adoption costs, all domestic ﬁrms are low-tech until TL. At TL the ﬁrst ﬁrm adopts the high-productivity technologyand, as adoption costs fall, more domestic ﬁrms adopt the new technology, leading to a gradual diffusion of the new technology through the industry for periods TL ≤ t ≤ TH (where the fraction of ﬁrms that have adopted at any point in time is given by q*(t)). The important feature of q*(t) is that it changes at a rate that allows (4) to hold over the interval [TL, TH]. Finally, all domestic ﬁrms adopt the new technology by period TH. However, suppose one were to increase k so that technological progress was stopped before all ﬁrms had adopted the new technology (i.e., πH ðq = 1Þ−πL ðq = 1Þbrk). In this case, only a fraction of ﬁrms can proﬁtably adopt in equilibrium (i.e., qðt Þ→qb1). First, note from (6) that the fraction of ﬁrms that can proﬁtably adopt, q, is endogenous and is given by πH ðqÞ−πL ðqÞ = rk. Second, note that for both (4) and (6) to hold for the ﬁnal adopting ﬁrm, it must be the case that TH occurs when k′(t) = 0 (i.e., TH = Tf). Thus, the end date for adoption is now exogenously determined by the date at which technological progress stops. In this case, one can use (4) to derive the evolution of q(t) over time: 8 0 for t ∈ ½0; TL Þ > > > >  2cnh 2 cnh c2 nh > > > : for t ∈ ðTH ; ∞Þ q



ð8Þ where q =



which can be rewritten as: ∞



must hold over an interval where ﬁrms are indifferent about which date to adopt. Given this, one can use (4) to derive the equilibrium evolution of q (t) over time:



1 2



+



ð2α−cÞ cnh



+



ð2b−cÞnf 2cnh



−



2ð2 + nÞ½rk . c2 nh



2.4.2. Number of ﬁrms So far we have assumed that the number of ﬁrms is constant through time (i.e., n(t) = n for all t). We continue to maintain this assumption and in Section 5 show that it is in fact an equilibrium for sufﬁciently high F0. We assume that ﬁrms can enter the differentiated goods sector by paying an entry fee of F0. The decision to enter the industry is endogenous, and entry occurs until the present value of lifetime proﬁts of the ﬁrm are equal to zero. The present value of proﬁts are derived by substituting in the respective proﬁt and distribution functions. These proﬁts can be split into three periods, π0, when all local ﬁrms are low-tech, ΠA, proﬁts during the adoption phase and π1, proﬁts after adoption is complete when q ﬁrms are hightech. Note that, in those equilibria where all ﬁrms adopt, q = 1. We use δ0 and δ1 to denote the discount factors associated with the initial and subsequent steady states. This zero-proﬁt condition implicitly deﬁnes the number of ﬁrms: TH



−rt



Π = δ0 π0 + ∫T πL ðqÞe L



2



⇒



−rTH



dt + δ1 π1 −e 2



kðTH Þ−F0 2



TH ð Aðqðt ÞÞ−cÞ δ0 ðA0 −cÞ δ A F −rt −rT + ∫T e dt + 1 1 −e H kðTH Þ−F0 − = 0 L r 4 4 4



ð9Þ 8 Note that while A is also deﬁned by (3), it does so taking q as given. Equating (3) and (5) implicitly deﬁnes the equilibrium q.



2ðα−cÞ + nf ðb−cÞ , n + 2



where A0 = deﬁned by (5).



A1 =



2α + cnh ð1−qÞ + nf b n + 2



and A(q(t)) is
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An application of the envelope theorem veriﬁes that equilibrium dΠ ∂Π proﬁts are declining in nh (i.e. dn = ∂n b0). This ensures a unique h h equilibrium for the constant n case. Given that entry occurs until the present value of proﬁts is equal to zero, this zero-proﬁt condition along with q(t) characterizes an equilibrium in a small open economy.
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entry and exit decisions. As we argue in the lemma below, these indirect effects are potentially important as the increased entry (higher nh) induced by protection slows down the rate of adoption. Lemma 2. Holding all else constant, an exogenous increase in the number of domestic ﬁrms (nh) will delay technology adoption.



3. Permanent protection and technology adoption As mentioned previously, our focus in this paper is on the effects of increased tariff protection on subsequent technology adoption by domestic ﬁrms. Thus, consider the case where a tariff (an increase in b) is imposed at some period TA∈[0, TL], so that the discounted value of total proﬁts for a ﬁrm are:  T T ∞ −rt −rt −rt −rT Π = ∫0 e πL qðt Þ; b dt + ∫T A e πL ðqðt Þ; bÞdt ∫T e πH ðqðt Þ; bÞdt−e kðT Þ−F−S A







Of interest is the comparative statics of an increase in b (holding initial tariffs, b, constant). However, while the timing of the variation in trade barriers, TA, does have an effect on technology adoption decisions, it does not affect any of the propositions derived or discussed in this paper.9 Thus, for expositional clarity the proofs and derivations in the following sections consider only the case where TA = 0.



Proof. Differentiating the ﬁrst-order condition, (4), one derives that: dq −∂A = ∂q = dnh ∂A = ∂nh ∂A Thus, the proof follows directly from noting that ∂A b0 and ∂n b0.10 □ ∂q h



Thus, protection of the domestic industry has conﬂicting effects on the incentive of domestic ﬁrms to modernize. The direct effect is to increase market share, which induces earlier adoption of new technologies. The indirect effect is to encourage entry into the market, which results in delayed adoption. In the following proposition, we determine the total effect of tariff protection: Proposition 1. An increase in trade barriers, b, will speed up the rate of adoption for some ﬁrms and delay it for other ﬁrms.



3.1. Protection and the timing of adoption In this section we consider the effect of tariff protection on the timing of technology adoption for an infant industry. That is, we assume that k is sufﬁciently low so that, eventually, all ﬁrms will adopt the productivityimproving innovation (thus, the only question is the time at which they choose to do so). We maintain the assumption of a stable market structure. That is, we assume that market conditions are such that the number of ﬁrms is constant over time (i.e., n(t)=n for all t). In the ﬁnal section we derive the set of parameter values for which this is the case, and also discuss what happens when the market structure is not stable. The impact of permanent protection on the timing of adoption has been analyzed previously (e.g., see (Rodrik, 1992; Miyagiwa and Ohno, 1995; Crowley, 2006; Ederington and McCalman, 2007)) so the discussion in this subsection will be brief. First, we establish the direct effect of protection on technology adoption. From the equilibrium distribution function, q(t), it is direct to see that, given the number of ﬁrms, higher trade barriers increase the speed of adoption: Lemma 1. Holding the number of domestic (nh) and foreign (nf) ﬁrms constant, an increase in trade barriers, b, results in faster adoption. Proof. This follows directly from noting that dq db N 0.



□



The above result is primarily due to the fact that protection from foreign competition increases the market share of domestic ﬁrms and thus increases their incentive to invest a ﬁxed amount in productivityimproving technology. Indeed, it is a similar mechanism that lies behind trade barriers causing technology adoption in the models of Miyagiwa and Ohno (1995) and Crowley (2006). Thus, a fairly straightforward model of technology adoption provides a rationale for infant industry protection as a means of inducing domestic ﬁrms to modernize. However, the above proposition is incomplete as it does not consider how protection might affect the number of ﬁrms in the industry. One of the advantages of our model is that, unlike traditional models (such as (Miyagiwa and Ohno, 1995; Crowley, 2006)), we allow for endogenous



9 It should also be noted that, given our assumption that ﬁrms are rational and forward-looking, adjustments in the number of ﬁrms will occur at time zero, even whenthe trade liberalization episode occurs later. This is discussed more fully in Ederington and McCalman (2008).



Proof. Note that the value function has the following form for a ﬁrm that adopts at T ∈ [TL, TH]: T



−rt



Π = δ0 π0 + ∫T e L



TH



−rt



πL ðqðt ÞÞdt + ∫T e



−rTH



πH ðqðt ÞÞdt + δ1 π1 −e



kðT Þ−F0



After totally differentiating the zero proﬁt condition, applying the envelope theorem and using the fact that changes in TL and TH simply reallocate proﬁts across the phases and these reallocations net out since the instantaneous proﬁts are identical at the point of transition, one can derive that: T



dΠ = δ0 dπ0 + ∫T dπL ðqÞe



−rt



L



TH



−rt



dt + ∫T dπH ðqÞe



dt + δ1 dπ1 = 0



Note that, during the diffusion phase, the ﬁrst-order condition, (4), ﬁxes per-period proﬁts at:    πi q =



2 rkðT Þ−k′ ðT Þ ci



 − c2i



2 ð10Þ



4 T



TH



which implies that ∫TL dπL(q)e− rtdt + ∫T dπH(q)e− rtdt = 0, with the implication that δ0dπ0 = − δ1dπ1. This implies that the impact of a tariff on per-period proﬁts at various times is given by: dπ0 ∂π0 dnh ∂π0 = + db ∂nh db ∂b  ðA0 −cÞ dn nf − h ðA0 −cÞ = 2ð2 + nÞ db



! A1 −ðA0 −cÞ N0 δ0 ðA0 −cÞ2 + δ1 A21  dπ1 A1 dn = nf − h A1 db 2ð2 + nÞ db ! δ0 A1 ðA0 −cÞnf ðA0 −cÞ−A1 b0 = 2ð2 + nÞ δ0 ðA0 −cÞ2 + δ1 A21 δ1 A1 ðA0 −cÞnf = 2ð2 + nÞ



10 ∂A To establish that ∂n b0 note that we assume 2(α − c) + (b − c)nf ≥ qnh ≥ 0 in order h for low-tech ﬁrms to have positive demand for their good.
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where



dnh db



=



δ0 ðA0 −cÞnf + δ1 A1 nf δ0 ðA0 −cÞ2 + δ1 A21



zero proﬁt condition. Finally, note that



dπ0 db



is derived by totally differentiating the dA0 N0 db dðπH ðq = 0Þ−πL ðq = 0ÞÞ N0 db



N 0 implies that



0 However, dA N 0 implies that db



as π0 =



ðA0 −cÞ2 . 4



as ðπH ðq = 0Þ −



2



. Since the tariff increases the proﬁt differential πL ðq = 0ÞÞ = 2A0 c−c 4 prior to the diffusion phase (i.e., before TL), it will result in the process of adoption starting earlier (i.e., a decrease in TL). The fact that tariffs increase TH issimilarly established. □ These results illustrate the importance of controlling for entry and exit dynamics when one considers the impact of trade policy on the technology adoption decisions of ﬁrms. In particular, when the number of ﬁrms is held constant, protection increases the market share of domestic ﬁrms and has an unambiguously positive effect on technology adoption. However, when the number of ﬁrms is endogenous, industrial policy has an ambiguous effect on technology diffusion: while industrial policy may improve the speed of adoption for some ﬁrms, it can also delay it for others. Indeed, Ederington and McCalman (2007) provides evidence of just such a heterogeneous response by domestic ﬁrms to the Colombian trade liberalization episode of the 1980s. The welfare implications of imposing trade barriers in this dynamic environment follow relatively standard lines. First, one can derive that the technology diffuses too slowly in the market equilibrium relative to the social optimum. Intuitively, this is due to the fact that ﬁrms do not fully appropriate the gains from adopting new technologies (part of these gains are shared with the consumers). Thus, the ambiguous effects of trade policy on the timing of adoption implies that this distortion can potentially be reduced or worsened by trade barriers. Second, given the monopoly power of the foreign ﬁrms over their individual varieties, there are typical terms-of-trade effects to trade policy. In the case of a linear demand function (as implied by quadratic preferences), the optimal terms-of-trade policy is a tariff. Finally, the number of varieties delivered by the market outcome tends to be lower than is socially desirable.11 Thus, trade barriers can potentially be welfare-improving by encouraging the entry of new domestic varieties. However, these welfare implications are purely second-best in nature, and thus there typically exists a lessdistortionary policy instrument to achieve the government's goals. It should be noted that the heterogeneous response to trade protection discussed in Proposition 1 is not novel to this paper and is also discussed in detail in Ederington and McCalman (2007). Here, our interest is in showing the importance of endogenous entry and exit in determining the impact of infant industry protection when we make different assumptions about the structure of the industry and the design of the trade regime. For example, it is common in the literature to model technology adoption as a balancing of the gain to adopting earlier versus the gain to deferring adoption until later, thus beneﬁting from lower adoption costs. Thus, most dynamic models of technology adoption assume that the cost of adoption, k, declines over time; a standard assumption is that k eventually declines to zero (i.e., in the limit all ﬁrms eventually adopt). This implies, naturally, that most of the literature analyzes the impact of trade policy on the timing of adoption decisions. However, what happens if k is bounded so that a fraction of ﬁrms do not adopt in the limit? As we show in the following section, this change of assumption has important implications for understanding the impact of trade policy on technology adoption. 3.2. Protection and the decision to adopt new technologies In the previous section, we considered the effect of infant industry protection on the timing of adoption. In this section we consider the effects on the decision of whether or not to adopt a new productivity11 This results follows from the analysis of Melitz and Ottaviano (2008) who employ the same utility function.



improving technology. As previously discussed, when πH ðq = 1Þ− πL ðq = 1Þ b rk, then only a fraction of ﬁrms can proﬁtably adopt in the limit (i.e., qðt Þ→ q b 1). Note that our model, which assumes ex ante identical ﬁrms, only determines the percentage of ﬁrms that adopt, not the identity of ﬁrms that adopt. Thus, we can think of q as the probability that a given ﬁrm adopts the new technology at some point in time, where: h i ð2b−cÞnf 2ð2 + nÞ rk 1 ð2α−cÞ q= + + − 2 cnh 2cnh c2 nh



ð11Þ



In this section we consider the impact of infant industry protection on the probability that a given ﬁrm eventually adopts. Our ﬁrst proposition is a corollary to our results from the previous section: Proposition 2. Holding the number of domestic (nh) and foreign (nf) ﬁrms constant, an increase in trade barriers, b, increases the probability that a given ﬁrm adopts the new technology at some time (an increase in q). However, an increase in the number of domestic ﬁrms (nh) reduces the probability of adoption (a decrease in q). Proof. This follows, ﬁrst, from differentiating (11) and noting that dq N 0. Second, following the proof of Lemma 2, it is direct to derive db dq that dn b 0. □ h Once again, protection of the domestic industry has conﬂicting effects on the incentive of domestic ﬁrms to modernize. As before, protection decreases the degree of foreign competition (by increasing the marginal costs of foreign ﬁrms) but increases the degree of domestic competition (by increasing the number of domestic ﬁrms). Previously, we showed that these conﬂicting forces result in ambiguous effects on the timing of adoption (speeding up adoption for some ﬁrms while delaying adoption for others). As we show below, the impact on the decision of whether or not to adopt is less ambiguous: Proposition 3. An increase in trade barriers, b, decreases the probability that a given domestic ﬁrm eventually adopts the new productivity improving technology (i.e., decreases q). h N 0. To work Proof. First, from the zero-proﬁt condition note that dn db out the full impact of an increase in trade barriers, we once again totally differentiate the zero proﬁt condition. As in the proof to Proposition 1 the total derivative can be simpliﬁed to:



T



dΠ = δ0 dπ0 + ∫T dπL ðqÞe L



−rt



TH



−rt



dt + ∫T dπH ðqÞe



dt + δ1 dπ1 = 0



As before, the ﬁrst-order condition, (4), ﬁxes per-period T proﬁts during the diffusion phase, which implies that ∫TL dπL(q)e− rtdt+ TH ∫T dπH(q)e− rtdt=0. This implies that δ0dπ0 =−δ1dπ1. Note that the proﬁt differential in the post-adoption state is equal to rk. Thus, 2 A1 = c +2c 4rk. Note that A1 and thus per-period proﬁts in the postadoption state are independent of b. From the above it cannot effect perperiod proﬁts in the pre-adoption state (or A0) either. Finally, note that h A1 = A0 − 2 cn + n q. Thus:   2 + nf c dn cnh dq h −q =0 dA1 = dA0 − 2+n db ð2 + nÞ2 db This implies that:   2 + nf dn dq h = −q b0 db ð2 + nÞnh db
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Thus, a small increase in protection decreases the fraction of adopting ﬁrms. □ This result, that infant industry protection actually decreases the probability that a ﬁrm adopts new productivity-improving innovations is somewhat surprising and requires some explanation. The standard intuition is that infant-industry protection guarantees domestic ﬁrms a future proﬁt stream and encourages those ﬁrms to incur costly ﬁxed investments in modern technologies. Thus, protection has a long history as a policy tool used to encourage development of nascent industries. However, what this intuition misses is that such protection also encourages the entry of additional domestic competitors who steal a portion of that proﬁt stream. Speciﬁcally, protection does not reduce competition, it simply shifts the intensity of competition away from foreign competitors and toward domestic competitors. In this setting, while increased domestic competition might have little impact early in the life of the industry (when all domestic ﬁrms are low-tech) it has a substantial impact, and so decreases proﬁts, in the post-adoption phase (when domestic ﬁrms have become high-tech). That reduction in the expectation of future (post-adoption) proﬁts is the explanation for how infant industry protection can deter technology adoption. The welfare implications of imposing trade barriers in the environment where adoption is not universal parallel those discussed in the previous section. Note that, in a setting where qb1, the speed of adoption is unaffected by the use of trade barriers (that is, the ﬁrst adoption date and the terminal adoption date remain the same). Consequently, trade policy does not improve or retard the adoption process. However, one can show that the fraction of ﬁrms adopting the new technology, q, is suboptimally low in the market equilibrium. Once again, the intuition behind this result is that ﬁrms fail to fully appropriate the gains to adopting new technologies, and thus adoption is sub-optimally low. Thus, the tendency of trade barriers to reduce the probability of adoption worsens this distortion. However, trade barriers can still have positive welfare effects through both the terms-of-trade effect and the love-of-variety effect. Once again, however, these welfare implications come with the caveat that this is purely a second-best policy analysis and there likely exist welfaresuperior means of addressing these distortions. 4. Temporary protection and technology adoption The theoretical case for infant-industry protection is commonly accepted and, indeed, even enshrined in the original articles of GATT (see GATT Article XVIII). However, arguments for infant industry protection are, inevitably, arguments for temporary protection. That is, it cannot be welfare enhancing to continue to bear the costs of protection when the industry has become competitive. Thus, GATT Article XVIII allows for only temporary deviations from GATT obligations for developing countries, and the recent UN report (the “Zedillo Report”) refers only to “limited, time-bound protection”. In this section, we consider the impact that such temporary (time-bound) protection has on technology adoption. 4.1. Temporary protection and the timing of adoption First, we consider the impact that temporary protection has on the timing of technology adoption (i.e., we consider the case where k is sufﬁciently low so that eventually all ﬁrms adopt). We model temporary protection as simply a tariff that is removed at some point in time after the industry has become competitive (i.e., after the period of technology adoption is over). That is, instead of a permanent tariff, b, that is imposed at time 0, assume a temporary tariff of the same magnitude is imposed at time period 0 and removed in period Tb ∈ (TH, ∞). It should be noted that our treatment of temporary protection is different from that of Miyagiwa and Ohno (1995) who model the case of conditional protection (i.e., protection is removed upon adoption by the domestic ﬁrm, thus generating an additional



7



incentive to delay adoption). In contrast, we analyze the effect of temporary protection with an exogenous termination date. It is instructive to note that in both Crowley (2006) and Miyagiwa and Ohno (1995), temporary protection with an exogenous termination date and permanent protection have an identical effect on technology adoption and thus ﬁrm productivity. This is not the case in our model, where entry by domestic ﬁrms in inﬂuenced by the duration of protection, and is demonstrated by the proposition below: Proposition 4. Temporary protection results in a faster rate of adoption than permanent protection. Proof. Assume that k is sufﬁciently low so that eventually all ﬁrms adopt, and assume a constant temporary tariff, b, is imposed at time 0 and removed in period Tb ∈(TH, ∞). For a given Tb, the present value of proﬁts are: T



−rt



∫0 e



Tb



−rt



πL ðqðt Þ; bÞdt + ∫T e ∞



+ ∫T e b



−rt



πH ðqðt Þ; bÞdt −rt



πH ðq = 1; b = 0Þdt−e



kðT Þ−F0 −



F r



Differentiating this equation with respect to Tb yields: ∂Π −rT = e b ðπH ðq = 1; bÞ−πH ðq = 1; b = 0ÞÞ N 0 ∂Tb Consequently, the shorter the time a tariff is imposed, the less entry by domestic ﬁrms it induces. Thus, in equilibrium, a temporary tariff will result in less entry (i.e., a smaller nh) than a permanent tariff. By Lemma 2, a decrease in nh implies earlier adoption. □ The intuition behind the above result refers back to the direct and indirect effects of protection discussed earlier. The timing of technology adoption is solely a function of current events (i.e., the proﬁt differential and the decline in adoption cost at the time of adoption). Thus, the prospect of a future decline in tariffs does not impact the timing of the adoption decision directly. However, to the extent that such a future tariff decrease is anticipated, it can impact the adoption decision indirectly by affecting the entry decisions of ﬁrms, and therefore the number of ﬁrms in the industry. As can be seen in the proof of the above proposition, the basic impact of temporary protection is that it reduces the number of ﬁrms that enter the industry, relative to permanent protection. This reduction in the number of ﬁrms, n, implies a faster rate of adoption. 4.2. Temporary protection and the decision to adopt In the previous section we assumed that k is sufﬁciently low so that all ﬁrms eventually adopt the new technology. In this section, we assume that k(t) is bounded so that only a fraction of ﬁrms can proﬁtably adopt. In this case, we can consider the impact of temporary (time-bound) protection on the probability that a given ﬁrm (ever) adopts. As one can see from the proposition below, the impact of temporary protection on the probability of adoption is diametrically opposed to its impact on the timing of adoption: Proposition 5. Temporary protection decreases the probability that a given domestic ﬁrm ever adopts the new productivity improving technology (i.e., decreases q). Proof. Assume that k is such that only a fraction q of ﬁrms adopt the new technology. As in the proof to Proposition 1 the total derivative can be simpliﬁed to: T



dΠ = δ0 dπ0 + ∫TL dπL ðqÞe



−rt
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dt + ∫TH dπH ðqÞe
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dt + δ1 dπ1 = 0
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Since the ﬁrst-order condition, (4), ﬁxes per-period proﬁts during T T the diffusion phase, we get that ∫T dπL(q)e− rtdt+ ∫TH dπH(q)e− rtdt = 0, L with the implication that δ0dπ0 = − δ1dπ1. Note from the proof to Proposition 4 that the effect of a temporary tariff (relative to a permanent tariff) is that it decreases nh. Thus, for a temporary tariff, δ0dπ0 N 0 and δ1dπ1 b 0. Next, note that adoption continues as long as the gain to adoption (in higher proﬁts) is greater than the cost of adoption. Thus, the following condition must hold for the ﬁnal adopting ﬁrm: ∞



−rt



Π = ∫T e H



−rt



½πH ðq; bðt ÞÞ−πL ðq; bðt ÞÞ = e



different industry life cycles is similar to that of Ederington and McCalman (2009), and so the discussion in the section will be brief. A key contribution of this paper appears in the following section where we discuss the effectiveness of protection as a means of encouraging technology diffusion (something not addressed in Ederington and McCalman (2009). Note that in the preceding sections we assumed a stable market structure with a constant number of ﬁrms. In the following lemma, we are more precise about what parameter values are associated with the stable equilibrium12:



k



This equation states that the present discounted value of the proﬁt differential from adoption is equal to the cost of adoption. However, it is direct to show that δ1dπ1 b 0 implies that temporary protection has decreased the LHS of the above condition (relative to permanent protection). Thus, the equilibrium q is lower for temporary protection. □ The intuition behind the above result is clear: removing the tariff at some exogenous point in the future means that the future proﬁt stream (and market share) of a domestic ﬁrm will be reduced. A lower market share in the future means a decreased incentive to adopt new innovations. Thus, temporary protection reduces the fraction of ﬁrms that choose to adopt the new productivity-improving technology. The results of this section are especially interesting because they focus on contrasts that have not been addressed in the literature. First is the fact that while permanent protection has an ambiguous impact (Proposition 1), temporary protection has an unambiguously positive impact on the timing of adoption (see Proposition 4). Second, while temporary protection speeds up the rate of technology adoption (Proposition 4), it also reduces the fraction of ﬁrms that ever adopt the new technology (Proposition 5). In the ﬁnal section, we focus on a ﬁnal contrast that is unaddressed in the current literature: between stable industries (i.e., where entry costs are such that the number of ﬁrms remains constant over time) and ﬂexible industries (i.e., where entry costs are such that the number of ﬁrms changes, often dramatically, over time). 5. Tariffs and industry life cycles As mentioned in the introduction, despite the direct analogy between infant industries and industry life cycles, no analysis of infant industry protection has been conducted in an industry life-cycle model. A prominent focus of industry life-cycle models is the evolution of net entry. In particular, two types of industries have been documented: those with a relatively stable market structure (e.g. the laser industry), and those that have high rates of net entry early in the life cycle followed by a dramatic shakeout later on (e.g., the tire industry). The traditional literature on technology diffusion (i.e., (Reinganum, 1981; Fudenberg and Tirole, 1985; Götz, 1999)) assumed a stable market structure where the number of ﬁrms was constant over time. However, in a previous paper, Ederington and McCalman (2009), we demonstrated how a small change in modeling assumptions (basically the introduction of perperiod ﬁxed costs) can result in technology diffusion models rich enough to capture both life cycle trajectories. In this section, we will show how these different life cycles have important implications for the ability of protection to inﬂuence technology adoption decisions. First, we need to establish how different cost structures can result in different life-cycle trajectories for an industry. Speciﬁcally, we show that industries where sunk entry costs are high (relative to per-period ﬁxed costs) exhibit stable market structures, whereas industries with low sunk entry costs (relative to per-period ﬁxed costs) exhibit more ﬂexible market structures where the number of ﬁrms changes, often dramatically, over time. Although there are some differences in the modeling assumptions, the basic mechanism by which we generate



Lemma 3. There exists an F0 that is sufﬁciently high (F0 N F0 ) and an F that is sufﬁciently low (F b F) that the number of ﬁrms in the industry remains constant over time.



Proof. First note that if F = 0, proﬁts are bounded to be non-negative in every period and no ﬁrm has an incentive to exit the market or delay entry (i.e., all entry occurs at t = 0, see Ederington and McCalman (2007) for more details). Thus, the existence of the stable market equilibrium is trivial. However, the stable life cycle also applies to industries with positive per-period ﬁxed costs provided sunk entry costs F0 are sufﬁciently high. Speciﬁcally, the stable market structure requires both zero proﬁts and proﬁtable adoption by permanently lived ﬁrms: F δ0 π0 + ΠA + δ1 π1 −e−rTH kðTH Þ = F0 + r   δ1 π1 −πL1 N e−rTH kðTH Þ where π0 are variable proﬁts before diffusion, ΠA are variable proﬁts during the adoption phase and π1 are variable proﬁts after adoption is complete. Finally, π1L are the variable proﬁts from operating as a lowtech ﬁrm when all other ﬁrms are high-tech. Consequently for sufﬁciently small F. −rTH



δ1 ðπ1 −F Þ N e



kðTH Þ:



Thus, the stable equilibrium holds if sunk entry costs, F0, are sufﬁciently large that they are not paid off until after all ﬁrms have adopted the new technology (i.e., after TH). Indeed we can implicitly deﬁne a date T˜ N TH when F0 is paid off: −rt



e



kðTH Þ =



−r T˜



e



r



ðπ1 −F Þ:



Using this condition, the zero-proﬁt condition can be rewritten as: ˜



F0 +



F e−r T = δ0 π0 + ΠA + δ1 π1 − ðπ1 −F Þ: r r



Note that when T˜ N TH , we are in a world analyzed in Section 2.4.2 and the number of ﬁrms that solves the zero-proﬁt condition is unique. ˜ To induce T→T H , we can trade off decreases in F0 against increases in F in such a way that F0 + F/r remains constant. Since F0 + F/r has remained constant, so will TL and TH when n remains constant. However we know ˜ that d T˜ b 0. Therefore, this trade-off implies T→T H while F → πL(q(TH)). Regardless of parameter values, the trade-off eventually brings us to a point where the following conditions hold: F = πL ðqðTS ÞÞ



ð12Þ



   TS −rt  F 0 = δ0 π0 −F + ∫T e πL ðqðt ÞÞ−F dt L
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ð13Þ



Throughout this section we maintain the assumption that k(t) → 0.
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   T −rt  kðTH Þ = δ1 π1 −F + ∫THS e πL ðqðt ÞÞ−F dt



ð14Þ



where TS deﬁnes the point where low-tech ﬁrms begin to make zero proﬁts. The above conditions describe the case where the marginal ﬁrm is indifferent between adopting (and staying in the market permanently) and exiting the market as a non-adopting ﬁrm. Thus, provided that F0 N F0 and FbF, permanent entry is preferred and the stable market structure is an equilibrium. □ The intuition behind Lemma 3 is direct. The combination of low per-period ﬁxed costs (which implies positive operating proﬁts in every period) and high sunk entry costs (which implies that ﬁrms must remain in the market longer to recoup their initial investment) results in a stable market structure where the number of ﬁrms is constant over time. It is this type of market structure that we analyzed in the previous sections of this paper. However, this raises the question of what happens in industries with lower entry costs and higher per-period ﬁxed costs. Speciﬁcally, is it possible that, in such industries, technological diffusion can result in negative per-period proﬁts, inducing exit by non-adopting ﬁrms? As we show in the following Lemma this is exactly the case:



Lemma 4. There exists an F that is sufﬁciently high (F N F) and F0 that is sufﬁciently small (F0 b F0 ), that a group of low-tech ﬁrms choose to exit the industry once per-period proﬁts become zero. Proof. Assume F and F0 are such that T˜ = TS ≤ TH . Refer to this T˜ as T. In this case, the following conditions hold in equilibrium. First, the per-period proﬁts of low-tech ﬁrms are equal to zero:    F = πL q T
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   T −rt  F 0 = δ0 π0 −F + ∫T e πL ðqðt ÞÞ−F dt



ð16Þ



L



proﬁts, which imply that the gradual diffusion of high-tech methods through the industry can actually result in negative operating proﬁts for low-tech ﬁrms. Despite these diminished proﬁt opportunities, the low cost of entry implies that ﬁrms are still willing to enter the market at its inception (since they quickly recoup their initial investment). Thus, the resulting market structure is one where some ﬁrms remain in the market permanently while other ﬁrms enter temporarily and then exit when per-period operating proﬁts are driven to zero by technological diffusion (i.e., the number of ﬁrms changes over time). It should be noted that the presence of this period of exit is a common feature in industrial evolution. For example, of the 46 industries studied by Gort and Klepper (1982), 22 experienced a shakeout. These episodes of ﬁrm exit were non-trivial with an average of 52% of the ﬁrms leaving the industry.13 A noteworthy feature of this period of exit is how sudden and dramaticit can be, with a prime example being the US tire industry, in which the number of ﬁrms halved in a period of 5 years. Thus, a focus in the literature lies not only in explaining why ﬁrms exit an industry, but also why such periods of exit can be so dramatic and abrupt. In Ederington and McCalman (2009) we show that dramatic shakeouts can occur despite the gradual process of adoption when preferences have a constant elasticity of substitution. In this paper the use of a linear demand structure raises the question of whether exit will still be dramatic, given that markups respond to changes in the degree of competition. Lemma 5 establishes the robustness of the shakeout phenomena in the endogenous technology adoption framework. Lemma 5. All ﬁrms that exit, do so at the same date (i.e., a shakeout occurs).



Proof. Let TS deﬁne the date that the shakeout occurs. For a low-tech ﬁrm to leave the industry, it must be the case that their proﬁts are non-positive: πL ðqðTS ÞÞ = F



Second, low-tech ﬁrms have just paid off the costs of entry:



ð19Þ



and the entry costs are paid off: TS



Finally, the cost of adoption is just equal to the present discounted value of future proﬁts: −rt



e



TH



−rt 



kðTH Þ = ∫T e



   πL ðqðt ÞÞ−F dt + δ1 π1 −F



ð17Þ



Now, continue to decrease F0 such that dFo = −d Fr b 0. Assume that no ﬁrms exit the market (i.e., n remains constant). In this case, for ˜ requires that: (12) to continue to hold, given our deﬁnition of T, e



−rt



T



−rt



kðTH Þ = ∫T˜ e



TH



ðπL ðqðt ÞÞ−F Þdt + ∫T



e



−rt



ðπL ðqðt ÞÞ−F Þdt + δ1 ðπ1 −F Þ



ð18Þ However, for (12) to hold, given that we increased F from the point



9



F0 = δ0 ðπ0 −F Þ + ∫T e L



−rt



ðπL ðqðt ÞÞ−F Þdt



ð20Þ



Using the ﬁrst order condition of an adopting ﬁrm implies: πL ðqðt ÞÞ = πH ðqðt ÞÞ−ðrkðt Þ−k′ ðt ÞÞ =



 Aðqðt ÞÞ2  − rkðt Þ−k′ ðt Þ 4



=



−3ðrkðT Þ−k′ ðT ÞÞ ðrkðT Þ−k′ ðT ÞÞ2 c2 + + 4 c 16



ð21Þ



where (5) has been used. This says that proﬁts of a low-tech ﬁrm are strictly declining over the diffusion phase. Consequently, the TS that solves (19) is unique, and all ﬁrms that exit must do so at TS. Note that by construction TS ∈ [TL, TH].14 □



T



deﬁned by (17), it must be that ∫T˜ e−rt ðπL ðqðt ÞÞ−F Þdt N 0. This is inconsistent with the no-exit equilibrium, since it implies that lowtech ﬁrms can make positive lifetime proﬁts by remaining in the market until per-period proﬁts become zero and then exiting (i.e., ˜ Thus, the since they have already paid off their sunk entry costs at T). no-exit equilibrium is no longer sustainable. □ An implication of Lemma 4 is that the number of ﬁrms is no longer constant through time, with at least some low-tech ﬁrms having an incentive to exit. We refer to such industries, in this paper, as ﬂexible industries, since they exhibit adjustments in the number of ﬁrms over time. The intuition behind why some industries have periods of exit is clear. Higher per-period ﬁxed costs result in low per-period operating



This dramatic exit of ﬁrms is driven by feedback between the exit decisions and technology adoption decisions of low-tech ﬁrms. Speciﬁcally, the reduction in the number of ﬁrms brought on by exit increases the incentive for the remaining ﬁrms to adopt the highproductivity technology; however, this increase in adoption induces more low-tech ﬁrms to exit. It is this positive feedback that results in exit being sudden rather than gradual. Note that such a feedback effect results in a discrete increase in adoption (i.e., a jump in q) at the 13 This result is not driven by small numbers, with the average industry having 55 producers before the shakeout. 14 Note that if TS b TH, then (19) implies that ﬁrms that stay in, but have yet to adopt, will make negative proﬁts until they adopt.
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time of the shakeout. Intuitively, the reduction in n is compensated for by an increase in q so that the ﬁrst-order condition remains satisﬁed. To summarize, the conditions that deﬁne a shakeout equilibrium describe both the rate of technology diffusion by permanent domestic ﬁrms (q(t)) as well as the number of permanent domestic ﬁrms (np) and the number of temporary (low-tech) domestic ﬁrms (nd). Given that the shakeout occurs at a single date, the equilibrium distribution function for technology adoption is given by: 8 0 > > >   > > > > ′ > n > 1 ð2α−cÞ ð2b−cÞnf 2 2 + nd + np + nf ðrkðT Þ−k ðT ÞÞ > − + − d + > > 2  > 2 2 + np + nf ðrkðT Þ−k′ ðT ÞÞ > ð2b−cÞnf > 1 ð2α−cÞ > > + + + > > 2cnp cnp >2 c2 np > > > : 1



for t∈½0; TL Þ



T



−rt



−rTH



T



−rt



−rt



S



ðF−πL ðqðt ÞÞÞdt



Note that the RHS is independent of both the tariff and the number of domestic ﬁrms (both permanent and temporary). To establish that per-period proﬁts are independent of tariffs and the number of domestic ﬁrms during the adoption phase, we note that −3ðrkðT Þ−k′ ðT ÞÞ ðrkðT Þ−k′ ðT ÞÞ2 c2 + + 4 c 16



for t∈½TS ; TH 



Hence, per-period proﬁts during the adoption phase are completely determined by the evolution of the adoption costs. To see that TS is also independent of tariffs and the number of domestic ﬁrms, note that TS is implicitly deﬁned by πL(q(TS)) = F. Under the conditions of the proposition, the shakeout occurs during the diffusion phase and therefore πL(q(t)) is deﬁned above. Consequently, TS is independent of tariffs and the number of domestic ﬁrms. Given that the RHS is independent of both the tariff and the number of domestic ﬁrms, it must be the case that the number of permanent ﬁrms adjusts to hold the LHS constant. Since π1 remains constant, so does TH. It immediately follows that π0 must also remain constant in the face of a tariff, implying that TL is unaffected by the tariff. □



for t∈ðTH ; ∞Þ



ðπL ðqðt ÞÞ−F Þdt = F0



kðTH Þ + ∫THS e



TH



kðTH Þ + ∫T e



πL ðqðt ÞÞ =



Note that np and nd enter linearly in this condition and only in the denominator of π0. It also must be the case that permanent ﬁrms earn just enough after TS to cover the cost of technology adoption and defray losses from being low-tech between TS and TH: δ1 ðπ1 −F Þ = e



−rTH



δ1 ðπ1 −F Þ = e



for t∈½TL ; TS Þ



To determine nd and np, note that low-tech temporary ﬁrms must just payoff their entry costs at TS. Therefore the temporary ﬁrm zeroproﬁt condition is: δ0 ðπ0 −F Þ + ∫TSL e



Proof. Since exit occurs, the number of ﬁrms that are permanently in the market is given by:



ðF−πL ðqðt ÞÞÞdt



Note in particular that this condition only depends on np. 5.1. Protection in non-stable industries In the previous section, following Ederington and McCalman (2009), we generated conditions under which technology adoption would induce exit within an industry. Speciﬁcally, in more ﬂexible industries characterized by relatively low entry costs (relative to perperiod ﬁxed costs), exit is more likely to occur. Intuitively this relationship makes sense: industries characterized by high entry costs are less likely to have exit and thus exhibit stickiness in the number of ﬁrms. However, Ederington and McCalman (2009) was solely interested in the determinants of these periods of exit and thus did not consider the productivity implications of a policy change. In contrast, the focus of this paper is precisely on the effectiveness of infant industry protection in inducing faster technology adoption. In this section, we consider whether the effectiveness of protection is affected by the life-cycle characteristics of the industry to which it is applied. In the previous sections, we considered the impact of infant industry protection on high entry-cost (stable) industries where exit did not occur. In this section, we consider the effects of infant industry protection on the low entry-cost (ﬂexible) industries where the number of ﬁrms adjusts to changes in the technological position of the industry. As we showed in Proposition 1, infant industry protection does have an impact on the timing of adoption in the more stable, high entry-cost industries. As we show in the Proposition below, this result does not extend to the more ﬂexible, low entry-cost industries:



Proposition 6. In industries characterized by sufﬁciently low entry costs (F0 b F0 ) and sufﬁciently high per-period ﬁxed costs (F N F), a small increase in trade barriers has no effect on either the start or the end dates of the diffusion process.



Thus, protection from foreign competition has no effect on the timing of adoption for low entry-cost industries. Intuitively, this is because in low entry-cost industries the entry and exit of ﬁrms is sufﬁciently ﬂexible to allow the number of ﬁrms, rather than the technology decisions of ﬁrms, to adjust to changes in the intensity of competition over time. This result is very different from that derived in the other propositions related to the timing of adoption (e.g., see Proposition 1). The critical difference is the size of the entry cost and what it implies about which margin adjusts. In the previous sections we discussed how protection can affect a ﬁrm's technology decisions even when the number of ﬁrms is endogenous. Speciﬁcally, a trade barrier has a tendency to both directly increase the market share of domestic ﬁrms (inducing faster adoption) while also increasing the number of domestic ﬁrms (delaying adoption). A natural question is why these indirect and direct effects do not simply cancel out. That is, why is it not the case that a trade barrier will simply increase the number of domestic ﬁrms in the market without having any impact on the scale or decisions of individual ﬁrms (i.e., why isn't a change in trade barriers completely captured by a change in nh)? The reason is that, with technology adoption, the intensity of domestic competition changes over time, and so the marginal impact of protection is high early (when foreign competition is dominant) and low later in the life cycle (when domestic competition is dominant). However, this reasoning relies on some stickiness (i.e., high entry costs) such that the number of ﬁrms does not change over time as the intensity of competition changes. In contrast, in low entry cost industries, the number of ﬁrms does adjust over time to compensate for changes in the intensity of competition (i.e., many ﬁrms early and few ﬁrms late). Thus, any change in trade barriers that shifts competitive pressures away from foreign competition to domestic competitors will simply be compensated for by changes in the number of ﬁrms over time (and not by changes in the technology decisions of individual ﬁrms). This tendency for changes in protection to be associated with changes in the composition of the types of ﬁrms rather than the start and end dates of the diffusion process can be seen in the dynamics of the shakeout. Speciﬁcally, since tariffs induce temporary and permanent ﬁrms to enter at different rates, the relative number is altered by a tariff:  n   d d nf 1 n 1 nh = 1− d − A1 db n h A0 nh
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which is positive provided that nndh b1− AA01 . Intuitively, since trade barriers offer greater protection early in the industry life cycle, they will result in a relative increase in the number of non-adopting ﬁrms. Indeed, this tendency (in low-entry cost industries) for the number of ﬁrms to adjust (as opposed to the technology decisions of ﬁrms) implies that protection might have direct implications for the size of the shakeout. We demonstrate that this is indeed in the case in Proposition 7:



Proposition 7. A small increase in trade barriers increases the size of the shakeout.



Proof. Assume that a shakeout occurs. To show that the size of the n dn 1 shakeout increases note that dπ = 0 implies that dbp = A1f , while db dπ0 db dnd db



= 0 implies that   = nf A10 − A11 N 0.



dnh db



=



nf A0 .



Since



dnh db



=



dnp db



+



dnd , db
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6. Conclusion There is a highly regarded literature concerning trade protection and technology adoption. This paper contributes to that literature by analyzing infant industry protection in an industry life-cycle model with endogenous entry and exit. This paper makes three main contributions to our understanding of the impact of protection on technological diffusion. First, we show that trade protection can have different implications for the timing of adoption relative to the probability of adoption. Second, we demonstrate that temporary protection has a much different effect on technology adoption than does permanent protection. And, ﬁnally, we ﬁnd that the technological diffusion effects of protection are dependent on the life-cycle characteristics of the industry. Indeed, the overall message is that the impact of trade protection on technological diffusion is more subtle than traditional models of trade and technology adoption suggest.



this implies □



Given that we have characterized the impact of tariffs for industries both with and without a shakeout, the obvious question is whether tariffs can fundamentally alter the nature of the life cycle. That is, do tariffs make industries that experience a shakeout more likely to move toward stability in terms of the number of ﬁrms, or is it the case that tariffs make stable industries more likely to experience a shakeout? We answer this question in Proposition 8:



Proposition 8. If an industry matures without a shakeout, then tariffs raise the likelihood of a shakeout.



Proof. Assume that (12), (13) and (14) hold and nd = 0 (that is, parameters are such that a zero measure of ﬁrms earn zero proﬁts in equilibrium and are indifferent between exiting the industry and remaining in the industry, adopting the superior technology). Now raise the tariff slightly. Note that (12) is unaffected by the tariff, but the number of ﬁrms increases (offsetting the direct beneﬁt of the increased 0 1 tariff). In this case, dπ N 0 and dπ b0. This implies that F0 is paid off db db before TS. But this cannot be an equilibrium. Consequently, nd must increase to lower π0 while np must decrease in order to raise π1. In this case, (12), (13), and (14) all hold and a shakeout occurs at TS. □ The above analysis implies that the implications of infant industry protection are profoundly different for stable industries (where ﬁxed costs are such that the number of ﬁrms remains constant over time) versus ﬂexible industries (where ﬁxed costs are such that the number of ﬁrms adjusts to changing market conditions). Speciﬁcally, in the previous sections, we ﬁnd that tariff protection can inﬂuence the adoption decisions of ﬁrms in stable industries. However, in industries where ﬁrm numbers show greater ﬂexibility, such protection does not accelerate the process of adoption but only serves to increase the size and probability of ﬁrm exit.
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