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A Dynamic Model of Privatization with Endogenous Post-Privatization Performance Jiahua Che∗ Department of Economics Chinese University of Hong Kong Shatin, Hong Kong [email protected] August 21, 2008



Abstract This paper presents a dynamic model of privatization, driven by improved institutional protection of private property rights and constrained by the buyer’s financial constraints. Government ownership is more efficient than private ownership is when private property rights are insecure. Improved institutional protection of property rights over time creates the need to privatize. The buyer’s financial constraints affect the timing of privatization, causing the firm’s post-privatization performance either to improve or to deteriorate in the short run. Financial constraints also have the possibility of inducing an underpricing phenomenon during privatization where the firm is priced below both what the buyer is willing to pay and the buyer’s ability to pay. Faster institutional development calls for earlier privatization, but it also has the potential to either create or exacerbate deadweight losses associated with inefficient privatization. A host of empirically testable implications are derived. Keywords: insecure property rights, privatization, financial constraints JEL Classification: P30, L20, K40
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Introduction



As waves of privatization swept across the former socialist economies during recent decades, the question of whether privatization improves firm performance has sparked widespread interest among economists. While there is an overwhelming amount of empirical research documenting post-privatization performance, the evidence appears mixed.1 Given the ambiguous outcomes of privatization, it is natural to ask: Why does privatization sometimes fail to improve firm performance? Are there systematic patterns in performance variations? If so, what factors drive these variations? Surprisingly, there are few papers in the literature that address these questions. Zinnes, Eilat, and Sachs (2001) attribute lackluster privatization performance to the unreadiness of institutional arrangements that are necessary for private sector development and maintain that privatization improves performance only when institutional development has exceeded a certain threshold level. While insightful, the argument raises more questions than it answers. Why don’t parties involved in privatization take into consideration the unreadiness of institutional arrangements? Can faster institutional development help improve the lackluster performance? Moreover, if a privatization process leads to dramatic improvement in firm performance, is it something to emulate? In this paper, I offer an analysis to address these questions. My analysis begins with the premise that the value of a firm under private ownership relative to that under government ownership depends on the institutional environment within which the firm operates. Different from the existing literature on privatization, which typically assumes an exogenous need to privatize, the evolution of the institutional environment endogenously gives rise to such a need in this model. However, a firm would always adopt the “right” ownership structure if the transaction costs of doing so were low (Demsetz and Lehn 1985, Coase 1988), which in turn would imply minimal changes in post-privatization firm performance in the short run. Thus, to understand performance variations, it is necessary to analyze possible frictions that constrain the ownership transformation, in addition to the evolving institutional environment that drives the need for such transformation. Which particular aspects of the institutional environment and what kinds of frictions matter depend on the context in which the privatization takes place. To establish an appropriate context for my analysis, I use the privatization experience of China to motivate my choice of model. Economic reforms began in China in the late 1970’s. For almost 15 years, the liberalization of China’s economy progressed without privatization. Instead, China’s non-state sector flourished with a surge in the development of local government-owned companies in rural areas. It was only in the mid 1990’s that largescale privatization took place in China, involving mostly these local government-owned companies and smalland medium-sized urban state-owned enterprises. While the central government subsequently sanctioned privatization via the policy of “grasping the large and letting go of the small”, privatization was mostly launched by local governments and, in some cases, preceding the national policy (Cao, Qian, and Weingast 1999). One of the major driving forces behind this campaign of privatization was the improved institutional 1 Empirical studies on post-privatization firm performance in Central and Eastern European countries and in the former Soviet Union have been surveyed by Bevan, Estrin, and Schaffer (1999), Megginson and Netter (2001), Djankov and Murrell (2002), and Svejnar (2002). Li and Rozelle (2004) and Bai, Lu, and Tao (2006) provide empirical studies on post-privatization firm performance in China.
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protection of private property rights. During the early transition period (from the late 1970’s to the mid 1990’s), institutional protection of private property rights was rather weak in China.2 As a result, it was local government-owned firms, not private enterprises, that spearheaded the phenomenal growth of the Chinese economy during that period (Che and Qian 1998a). By the mid 1990’s, changes in China’s economic landscape led the Chinese leadership to change its attitude and to begin to embrace a rule-based market economy (Che 2007a). Accompanying this shift in attitude was a marked change in national policies towards private enterprises. In 1999, the national constitution was amended to recognize private property rights, for the first time, as a supplement to the Chinese economy, helping to deter expropriation against private enterprises (OECD 2005, pp. 88-89). The Chinese Communist Party not only began to recruit private entrepreneurs to become party members, but it also introduced property rights principles into the Party’s constitution. Building upon these changes, the national constitution was further amended in 2004, adding the clause that “legal private property is not to be encroached upon”. Meanwhile, China’s small- and medium-sized enterprises were often privatized through sales to the incumbent managers of these companies (Li and Rozelle 2004), with the purpose to empower the managers. As ownership was therefore concentrated, the buyers’ financial constraints were likely to have been particularly acute. Buyers’ financial constraints are also arguably more important in the context of China than two other types of constraints that have received much more attention in privatization studies focusing on the Central and Eastern European transition economies and the former Soviet Union. One is information asymmetry between the seller/government and the buyer/new owner; the other is post-privatization redistributive demand from the populace at large (Perotti 1995, Bolton, Pivetta, and Roland 1997, Roland 2000, and Biais and Perotti 2002). The privatization campaign in China was initiated by local governments and sanctioned by the central government, neither of which were subject to as much pressure from the population for redistribution as their European counterparts were. The local governments in China, which controlled the small- and medium-sized enterprises prior to the privatization, typically had long-time working relations with the incumbent managers. This helped to alleviate information asymmetries typical in privatization processes elsewhere. Thus motivated, I present a model in which a firm, as a going concern, operates at every point in continuous time. The firm can be owned either by its manager (private ownership) or a rent-seeking government (government ownership) and it begins with government ownership. The success of the firm’s operation depends on its manager’s effort, which in turn depends on the firm’s ownership type. Private ownership has the potential to better motivate the manager as compared to government ownership, but this potential cannot be realized when private property rights are not well protected. Insecure private property rights allow the rent-seeking government to expropriate from the firm when it is privately owned, hence jeopardizing the manager’s incentives. At each point in time, the manager and the government negotiate the choice of ownership type, subject to a limited amount of financial resources at the disposal of the manager, before the firm 2 Private enterprises were not allowed to operate until 1981. Even with legislation or regulations that allowed private enterprises to operate, security of private property rights was still not guaranteed and the central government attacked private enterprises on several occasions during general political crackdowns (Che and Qian 1998b). The plight facing private enterprises during the early stage of China’s reform was vivid in the case of McDonalds in Beijing. In 1992, McDonalds signed a 20-year lease with the Beijing municipal government to open a restaurant in a prime location in Beijing. In 1994, the Beijing government ordered McDonalds to vacate, because a Hong Kong billionaire, who was well-connected with the Chinese government, wanted to build an office-shopping-residence complex on the same site. McDonalds, holding a valid lease, took the Beijing government to court, but eventually lost the case (see Li 2004).
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starts to conduct its business. Over time, the protection of private property rights improves (exogenously), giving rise to the need to privatize. In equilibrium, privatization may take place at the efficient, i.e., socially optimal, time point when the social surplus generated by the firm under private ownership begins to overtake that under government ownership. However, owing to the manager’s financial constraints, privatization may also take place either before or after the social optimal time point. The reason for privatization to be either delayed or premature is rooted in the fact that, when the firm is privately owned, improved private property rights protection serves as a double-edged sword for the government. Improved private property rights protection reduces the government’s ability to extract rents from the firm, while at the same time encouraging greater efforts from the manager and hence giving rise to more rent being available for the government to extract. Such a double-edged sword gives rise to a conflicting attitude of the government towards privatization: When the protection of private property rights is poor, the government prefers to not privatize the firm until later; whereas, as time goes on, the government becomes more eager to privatize the firm before the improved private property rights protection constrains it from extracting rent from the firm after privatization. Which aspect of the government’s conflicting attitude dominates its privatization decision depends upon, among other things, the firm’s characteristics as well as the speed of institutional development. Thus, privatization can be either delayed or premature in the presence of the manager’s financial constraints. In this dynamic setting, the short-run post-privatization performance of the firm, measured in terms of the change in the firm’s profits immediately after privatization, is shown to be determined endogenously by the difference between the equilibrium and efficient timing of privatization. If privatization takes place with efficient timing, the firm’s performance improves marginally in the short run. The firm’s short-run financial performance deteriorates (or significantly improves) immediately after privatization when the privatization is premature (delayed); and, ceteris paribus, the variation in performance becomes larger as the difference between the equilibrium and efficient timing increases. Because the analysis relates the equilibrium timing of privatization to the firm’s characteristics, I can identify a systematic pattern of post-privatization performance variations. In particular, by examining how the manager’s financial constraints, the importance of the manager’s effort to the firm’s profits, the productivity of the manager, and the size or the quality of the firm affect the equilibrium timing, I am able to address the questions raised at the beginning of this paper and derive a wealth of testable implications. In addition, I characterize how the firm is priced in equilibrium with different privatization timing. This allows me to offer an account for the “underpricing” phenomenon that complements the existing literature. I show that, despite its ability to make a take-it-or-leave-it offer during privatization, the government, in order to avoid delaying the privatization in the presence of the manager’s financial constraints, may “underprice” the firm in the sense that the price falls short of both the manager’s ability and his willingness to pay. To broaden the implication of this analysis and shed light on the privatization experience beyond that of China, I analyze further how the speed of institutional development affects privatization outcomes. An additional result, paradoxical to conventional wisdom, is obtained. Serving as a double-edged sword for the government when the firm is privately owned, a faster improvement in private property rights protection may increase the cost of privatization to the government. Such an increased cost, coupled with the manager’s lim3



ited financial resources, can either induce a deadweight loss by causing the firm, which is otherwise privatized efficiently, to privatize with inefficient timing, or exacerbate the deadweight loss by making privatization that is otherwise feasible to become infeasible. This observation helps to illustrate some remarkable differences between the privatization experiences of some Central and Eastern European transition economies and that of China. One natural question is whether the manager’s financial constraints can be relaxed and hence premature or delayed privatization can be avoided through alternative methods of ownership transformation, such as partial privatization or allowing the manager to buy out the firm through financing from outside investors. Due to space limits, this question is not addressed in the paper. However, in Che (2007b), I show that these alternative methods allow the government to demand a greater seller’s surplus from privatization, thus in actuality exacerbating the manager’s financial constraints in equilibrium, with a possible consequence of causing premature ownership transformation to become even more premature and causing delayed ownership transformation to be even further delayed. Finally, with a stylized model, the analysis of this paper may be adapted to examine similar issues in other types of title changes besides privatization. For instance, it may be applied to the study of land reforms in developing countries, during which secure property rights and farmers’ wealth constraints can be overriding concerns as well (Besley 1995, Banerjee, Gertler, and Ghatak 2002). The rest of the paper is organized as follows. The next section introduces the model. Section 3 analyzes how the static tradeoff between government ownership and private ownership evolves as private property rights protection improves over time. Based on the pattern of this evolution, I analyze equilibrium timing in privatization in Section 4. This analysis is then applied to address the questions raised at the beginning of this paper in Section 5, from which a host of testable implications is derived, the possible underpricing phenomenon is analyzed, and the impact of faster institutional development is examined as well. The concluding section discusses broader implications of this analysis.
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The Model



There are two risk-neutral agents, a manager (M) and a local government (G), involved in the operation of a firm. The firm is either owned by M (private ownership) or owned by G (government ownership). Time is continuous. Both parties have an infinite horizon and share the same discount rate, r. The firm is originally owned by G. At each subsequent time point, t > 0, M and G may negotiate the firm’s ownership form. In particular, G decides whether or not to ask for a change in ownership at a take-it-or-leave-it price, q(t); q(t) > 0 when the price is paid by M, and is negative otherwise (the firm can change from private ownership to government ownership, although, as will be shown later, such a change never takes place in equilibrium). M either accepts or rejects the offer. If the offer is rejected, the existing ownership form is retained. M is budget constrained at B ≥ 0, while G is not. At each point in time, given the ownership form, M exerts an effort, a ∈ [0, 1], to increase the firm’s profit. The profit consists of two parts. The first part is a normal profit, with a value of χ > 0, which is independent of M’s effort. The second part is an extra profit that depends on M’s effort in the following way.



4



With a probability that equals M’s effort level, a, the firm yields a positive amount of extra profit with a value of π > 0; while with probability 1 − a, no extra profit is generated. Let χ = xπ, where x > 0. The inverse of x measures the importance of M’s effort to the firm’s profit, which in turn reflects the extent of the potential 2 moral hazard by M when the firm is government owned. The effort, a, costs M the amount of c(a) = ca2 , where c reflects M’s productivity. I assume that c > π so that the effort choice by M is always less than one. M is instrumental in generating the extra profit. As a result, under government ownership, M is able to derive lπ > 0 amount of private benefits from the success of his effort by hiding the corresponding amount of the extra profit away from the owner G.3 Meanwhile, by entitling G to monitor, government ownership allows G to claim the normal profit in addition to the remaining (1 − l)π extra profit. Under private ownership, the owner, M, is legally entitled to all the profits. However, private property rights are insecure in the sense that, when the firm is privately owned, G may succeed in expropriating both the normal and the extra profits with probability 1 − µ before M is able to hide any profit. For simplicity, I assume that G does not expropriate from the firm when it is government owned. One possible justification is that, as a local government, G may be exercising ownership of the firm on behalf of a higher government authority, which will safeguard the firm from expropriation by G when the firm is government owned; but the higher government authority will not safeguard the firm when it is privately owned. In order for ownership change to be feasible, it is also assumed that only the current cash flow of a private firm, not the private ownership of the firm itself, is subject to government expropriation at any given moment in time.4 G is self-interested, with an objective of maximizing the amount of financial returns that it extracts from the firm. The qualitative results of this paper remain the same even when G maximizes a combination of social surplus and the financial returns that it extracts. The objective of M is to choose the unobservable effort, a, to maximize his share of the firm’s financial returns net of the effort cost. As will be shown later, M undersupplies his effort both under private ownership because of the risk of government expropriation as well as under government ownership as G claims a part of the return to his effort. Because it is the expropriation by G that compromises M’s effort, G is not able to offer an incentive contract under private ownership. For simplicity, I assume that G is not able to offer an incentive contract under government ownership either. This assumption may be justified if the profit of a government-owned firm is not verifiable. While standard in the theory of the firm literature, the non-verifiability is also reasonable in the context of this paper as I model G as an undisciplined government authority, which may, for example, be able to falsify the true profit situation of a government-owned firm. In addition, the firm’s operation requires M’s presence; as a result, G cannot offer an implicit contract under government ownership that pays M above his outside option but fires M when he fails to enhance the firm’s profit. Over time, private property rights become increasingly secure while M’s budget constraint remains constant.5 In particular, µ evolves exogenously according to a differentiable (but deterministic) process, µ(t), 3 Alternatively, one can think of l as the probability in which M succeeds in hiding the entire extra profit. The analysis remains the same with this alternative interpretation. 4 Since ownership in this model is defined as cash flow rights, this means that G cannot outright confiscate the rights of a private firm to its long-term cash flow, but it can, at any moment in time, seize cash flows accruable to the private firm at that time (for example, by taking over the firm’s shipments under the pretense that the shipments violate certain government regulations). 5 The assumption of M’s budget constraint remaining constant over time may be justified if the profit and the private benefit generated by the firm are in the form of a perishable good. The qualitative results of the analysis remain the same even when M’s wealth grows
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where µ(0) = 0, dµ dt > 0 for µ < 1, and limt→∞ µ(t) = 1. Since I model G as a local government, it is reasonable to assume that the institutional environment evolves outside the control of G, therefore exogenously. The institutional development process is also assumed to be differentiable not only to simplify the analysis technically, but also to reflect the reality that institutions progress slowly, especially in the de facto sense, even though they may leap forward on paper. To summarize, there are three possible distortions at any static instant: (a) M’s effort is not observable, (b) private property rights are not perfectly protected, and (c) G is not able to offer any incentive contract, either implicit or explicit, under government ownership. Notice, however, that should private property rights be perfectly protected, (c) does not constitute a distortion, for the first-best outcome (a = πc ) is obtained under private ownership. When private property rights are not well protected, (c) makes the ownership form matter to inducing managerial effort; and together with (b), it leads to a trade-off between government ownership and private ownership, which I will analyze in the next section. Some simplifying assumptions are made to focus the analysis. First, M’s outside option is assumed to derive an instantaneous value exactly equal to what he would obtain under government ownership (which, as will be shown next, remains constant over time). Second, it is assumed that G is not able to expropriate B from M. This assumption can be justified when G cannot observe or does not have jurisdiction over M’s financial assets or simply when B = 0. Third, to allow the firm to be privatized with a deteriorating postprivatization performance, it is assumed that the firm becomes defunct once it is closed down by the owner. This rules out the possibility for M to switch back and forth between operating the privatized firm and closing down the firm for the outside option. The infinite extensive-form game between G and M can, in principle, have many equilibria. Since the purpose of this paper is to examine ownership transformation rather than how such an infinite horizon can be exploited to restrain G from expropriation and to induce M to provide a better effort, I restrict myself to studying equilibria in which the strategies of G and M are Markov, i.e., history-independent except for the current (payoff-relevant) state, which consists of µ, the level of protection for private property, and the ownership form of the firm.
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The Trade-offs between Government Ownership and Private Ownership



To understand how ownership transformation takes place, it is necessary to understand, first, how G and M fare under each ownership form over time. To begin, consider what happens at a given point in time to a given ownership form. As the operation of the firm at each time point is short term (it is completed at the same time point) and is independent across different time points, M chooses a to maximize his instantaneous payoff, which equals 2 2 aµπ + µxπ − ca2 under private ownership and equals alπ − ca2 under government ownership. Thus, M’s exogenously, provided that the rate of wealth accumulation is much slower than the rate of institutional development. Although it is more realistic to assume that M may be able to accumulate wealth; endogenizing such accumulation will unnecessarily complicate my analysis and hence will not be considered here.
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µπ effort is equal to lπ c under government ownership and c under private ownership. Whether M and G can agree on the ownership transformation is determined by the difference in their payoffs between the two ownership forms. Let w(t) be the difference in the instantaneous payoffs for M between private ownership and government ownership at time t; and v(t) be the corresponding difference for G between government ownership and private ownership.



µ(t)2 π 2 l2 π 2 + µ(t)xπ − ; 2c 2c l(1 − l)π 2 µ(t)(1 − µ(t))π 2 v(t) = + xπ − [ + (1 − µ(t))xπ]. c c



w(t) =



(1) (2)



Lemma 1 The following patterns hold with regard to v(t) and w(t): a) v(t) is quasi-convex in t, with



dv(0) dt



< 0 when x 



π c,



limt→∞



dv(t) dt



> 0, and limt→∞ v(t) > v(0) > 0;



b) w(t) is strictly increasing in t, with w(0) < 0 < limt→∞ w(t); c) w(t) − v(t) is strictly increasing in t, with w(0) − v(0) < 0 < limt→∞ w(t) − v(t). Lemma 1 highlights how w(t) and v(t) evolve over time. These two patterns are further illustrated in Figure 1.6 The intuition behind these two patterns is as follows.



w(t)



v(t)



ts



t



Figure 1: Instantaneous payoff differences between government ownership and private ownership (a) v(t) is quasi-convex because, when the firm is privately owned, improved private property rights protection presents a double-edged sword to G through its impact on the managerial effort and hence the extra profit. Better protection of private property rights induces better managerial effort under private ownership while at the same time making it more difficult for G to expropriate from the private firm. 6 Note that the intersection of the vertical axis and the horizontal axis in Figure 1 (and in the rest of the figures in this paper) is marked



with “//”, indicating that the values at the intersection do not correspond to (0, 0).
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When there is no protection of private property rights, M exerts no effort under private ownership, but G is able to extract the normal profit under either ownership form. When there is perfect protection, G is not able to extract any profit from the private firm. In both instances, G prefers government ownership, which allows M to shield some of the fruit of his effort and allows G to extract the extra profit from the firm. Thus, limt→∞ v(t) > v(0) > 0. The marginal return to M’s effort under private ownership is high when private property rights are highly insecure as M exerts little effort then. As a result, an improvement in the protection of private property rights allows G to extract more extra profit from the private firm. Meanwhile, better protection of private property rights always reduces G’s ability to extract the normal profit of the private firm, which is independent of M’s effort. Therefore, whether the initial improvement in private property rights protection increases G’s payoff under private ownership (and hence whether v(t) is decreasing in t) depends on x, the relative importance of M’s effort to the firm’s profit. When private property rights are well protected and hence M exerts high effort under private ownership, the marginal return to his effort becomes low. Accordingly, an improvement in the protection of private property rights limits G’s ability to extract more than it encourages M to exert his effort. This, coupled with the more constrained ability of G to extract the normal profit, means that better private property rights protection eventually reduces G’s payoff under private ownership, giving rise to an increasing v(t). One interesting feature, which is not highlighted in Lemma 1, is that there exists some t at which v(t) < 0. The implication of this feature is that, despite being a rent-seeking government, G may prefer private ownership to government ownership and therefore may be interested in privatizing the firm even when M has no money to pay for it. (b) w(t) increases over time because better private property rights protection allows M to enjoy more fruit of his effort under private ownership. When there is no property rights protection, M is able to derive private benefits under government ownership but not under private ownership; hence w(0) < 0. (c) w(t)−v(t) measures the instantaneous social gains of changing from government ownership to private ownership (or the instantaneous social cost of changing from private ownership to government ownership). Without protection of private property rights, w(0) − v(0) < 0 as M exerts no effort under private ownership, suggesting that government ownership is a more efficient ownership form (i.e., generating more social surplus at a given time point) than private ownership is. In fact, because v(0) > 0 > w(0), government ownership actually Pareto dominates private ownership when there is no protection of private property rights. w(t) − v(t) increases over time as the protection of private property rights improves and becomes positive when there is perfect protection of private property rights, due to the moral hazard in the managerial effort under government ownership. This last observation implies that there exists a unique time point, ts > 0, such that w(ts ) = v(ts ),



(3)



µ(ts ) = l,



(4)



or



following equations (1) and (2). Since w(t) − v(t) turns from negative to positive at and only at ts , the 8



ownership transformation should take the form of privatization and should take place at ts from the social welfare point of view. Furthermore, because w(t) − v(t) increases over time, I have: Lemma 2 Privatization, if it ever takes place, will not be reversed. Lemma 2 implies that the only form of ownership transformation to take place in equilibrium is privatization. For this reason, I refer to w(t) as the instantaneous benefit of privatization to M at time t and v(t) as the instantaneous cost of privatization to G at time t. Because privatization is irreversible, when deciding whether to privatize or not, G and M must consider the long-term implications of their decisions. In particular, if the firm is privatized at time t, the (long-term) total benefit of privatization for M is equal to Z



∞



e−r(z−t) w(z)dz,



W (t) =



(5)



t



which in fact reflects M’s (maximal) willingness to pay for the firm at time t. Correspondingly, the (longterm) total cost of privatization to G is equal to Z



∞



V (t) =



e−r(z−t) v(z)dz,



(6)



t



reflecting G’s reservation value of the firm, which is also the minimal amount M needs to pay in order to compensate G for the ownership of the firm. The patterns in which W (t) and V (t) evolve over time are important for understanding how privatization takes place. These patterns will be discussed below as I analyze the privatization equilibrium.



4



The Privatization Equilibrium



The strategies are Markov; neither G nor M can commit to a strategy of either privatizing now or never privatizing at all. Instead, at time t, conditional on the firm having not been privatized by then, both parties must decide whether or not to privatize now, given the price of the firm at that time. In making these decisions, they realize that, should they decide not to privatize now, they will face the same decisions later. Let q(t) be the Markov subgame perfect price of the firm at t, in the sense that, should the firm remain government owned up to t, both parties will agree to privatize at t. This means that q(t) has the following properties. (a) M can afford the price: q(t) ≤ B. (7) (b) For both G and M, privatizing at t is better than never privatizing at all. That is, privatizing at t generates a non-negative seller’s surplus for G and a non-negative buyer’s surplus for M: W (t) ≥ q(t) ≥ V (t).
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(8)



(c) For both G and M, privatizing at t is better than privatizing later at some t0 > t, if privatizing later at t0 is feasible, that is: 0



W (t) − q(t) ≥ e−r(t −t) (W (t0 ) − q(t0 )); −r(t0 −t)



q(t) − V (t) ≥ e



0



0



(q(t ) − V (t )).



(9) (10)



If privatization is to take place at te in equilibrium, then neither G nor M want to privatize either earlier or later than te (or not to privatize at all). In other words, there must not exist q(t) ≤ B at t < te such that e



W (t) − q(t) ≥ e−r(t−t ) (W (te ) − q(te )) −r(t−te )



q(t) − V (t) ≥ e



e



e



(q(t ) − V (t )).



(11) (12)



Based on the discussion above, a privatization equilibrium is defined as follows: Definition 1 A privatization equilibrium consists of Markov subgame perfect timing to privatize, te , and a stream of Markov subgame perfect prices, {q(t)}, such that a) conditions (7) and (8) hold; b) conditions (9) and (10) hold for all t0 where there exist q(t0 ) that satisfies conditions (7) and (8); and c) there does not exist q(t) ≤ B for any t < te that satisfies conditions (11) and (12). In order for condition (8) to hold, it is necessary that W (t) − V (t) ≥ 0; that is, the total benefit of privatization to M exceeds the total cost of privatization to G. As w(t) − v(t) measures the instantaneous R∞ social gains from privatization at time t, W (t) − V (t) = t e−r(z−t) (w(z) − v(z))dz measures the (longterm) total social gains from privatization. Since w(t) − v(t) increases over time, so does W (t) − V (t). Accordingly, I can define t0 such that W (t0 ) = V (t0 )



(13)



and let t0 = 0 in case W (t) > V (t) for all t. Given that w(t) − v(t) increases over time, the total social gains from privatization must become positive before the instantaneous social gains from privatization turn positive. That is, t0 < t s . (14) The fact that the total social gains from privatization become positive after t0 does not imply that it is socially optimal for privatization to take place at t0 instead of ts . This is because the total social gains from privatization at t are measured by comparing privatizing at t versus never privatizing at all, i.e., maintaining government ownership perpetually. The efficient timing of privatization is therefore determined by the time point when the total social gains from privatization are maximized. Since w(t) − v(t) is negative prior to ts and positive afterwards, the efficient timing of privatization is at ts not t0 .
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Privatization is said to be feasible at t if t ≥ t0 and M is able to afford to compensate G for the total cost of privatization at t, i.e., B ≥ V (t). To determine when M is able to afford the firm with his limited budget, I examine how V (t) evolves over time. Given that the instantaneous cost, v(t), is quasi-convex, the total cost, V (t), is quasi-convex too. Furthermore, because v(t) first decreases over time and then increases, V (t) must be bounded from below. Let t be the time point at which V (t) reaches the minimum. Hence, when t > 0, both v(t) and V (t) first decrease over time and then increase, as shown in Figure 2.7 Although I do not plot W (t) in Figure 2, it is easy to verify that rW (t) > w(t) and is strictly increasing given the fact that w(t) increases over time.
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Figure 2: The annualized cost of privatization to G vs. the instantaneous cost of privatization to G Differentiating V (t) with respect to t, I have: dV (t) dt
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= rV (t) − v(t). Since V (t) can be rewritten as Z V (t) =



(15)
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e−r(z−t) rV (t)dz,



t



rV (t) can be regarded as a perpetual annuity of which the present discounted value equals the total cost of privatization to G. Thus, I refer to rV (t) as the “annualized” cost of privatization for G at t. Equation (15) then states that the total cost of privatization to G is decreasing in t if the annualized cost is less than the instantaneous cost, and vice versa. Accordingly, as shown in Figure 2, the instantaneous cost exceeds the annualized cost prior to t, equals the latter cost at t, and falls short of the latter cost after t. In addition, the instantaneous cost is decreasing at t. 7 My



analysis applies whether or not t > 0. In Figure 2, w(t) intersects with v(t) to the right of t. It is also possible that w(t) and v(t) intersect to the left of t, depending on the underlying parameters.
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Privatization will not take place if M’s budget falls short of V (t), the minimal cost of privatization to G. Even when M has a budget that exceeds V (t), because V (t) eventually increases over time, there may still exist a point in time beyond which M can no longer afford to pay for the firm. If privatization generates social gains only after that time point, privatization will not take place in equilibrium either. That point is t1 where V (t1 ) = B s.t.



dV (t1 ) ≥ 0.8 dt



(16)



If t0 , the point where privatization begins to have long-term social gains, comes after t1 , privatization will not take place. Note that, when t0 > t1 , B = V (t1 ) < V (t0 ) and hence t < t1 < t0 given the quasi-convexity of V (t). I therefore conclude: Proposition 1 Privatization does not take place if B < V (max{t0 , t}). Suppose that B ≥ V (max{t0 , t}) instead. Privatizing is then feasible at t1 but not after. If the social optimal time of privatization, ts , comes after t1 , privatization must take place prematurely. Proposition 2 Privatization takes place prematurely at t1 at the price B if t0 ≤ t1 < ts . Note that there exist some t prior to t1 where privatization is also feasible. Since t1 < ts , privatizing at any time prior to t1 has an instantaneous social loss, i.e., w(t) − v(t) < 0. Hence, there does not exist a price to induce both G and M not to delay the privatization until t1 . At t1 , despite the fact that privatization also incurs an instantaneous social loss, the total social gains from privatization are positive. As privatization cannot be postponed any longer, it takes place at t1 . Naturally, the firm is priced at B at t1 . Propositions 1 and 2 highlight two forms of inefficient privatization outcomes. The third form is delayed privatization. To understand why privatization may be delayed, suppose that the following condition holds: ts < t1 and v(ts ) > rB.



(17)



The first inequality in condition (17) suggests that privatization is feasible either at or after ts . Suppose that privatization is feasible after ts but not at ts (this is possible despite ts < t1 given the quasi-convexity of V (t)). It can be shown that privatization will not be feasible before ts either. Therefore, when it is feasible after ts only, privatization is obviously delayed. The more interesting case is when privatization is feasible at ts . In this case, the firm is not privatized prior to ts since doing so incurs an instantaneous social cost. The firm will not be privatized at ts either, according to the second inequality in condition (17). The inequality states that, at ts , the instantaneous cost of privatization to G exceeds rB. Since rB translates what M can afford to pay at t to a perpetual annuity of which the present discounted value equals B, I refer to rB as the “annualized” budget of M. If the firm is priced at B, rB is also the annualized price or payment that M has to pay for the firm. 8 Because V (t) is quasi-convex, there can be two time points that solve for V (t) = B, one when V (t) is decreasing and the other when V (t) is increasing, which I have denoted as t1 . M is unable to afford the firm prior to the first time point and after t1 . I choose not to denote the first time point because it is not essential in characterizing equilibrium outcomes.
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To see the implication of this second inequality, suppose that M is willing to pay for the firm at the price B from ts onwards (as I will explain later, this indeed turns out to be the case when condition (17) holds). Expecting this, G decides whether to privatize the firm at ts or to postpone the privatization until the instant immediately after ts . For G, the benefit of postponing is to avoid the instantaneous cost of privatization, v(ts ), while the cost of postponing until the next instant is getting paid after ts but not at ts . Because the price of the firm remains constant at B (as M is willing to pay B), the cost of postponing is thus to lose the annualized payment, rB, at instant t. Therefore, the second inequality of condition (17) implies that, should M be willing to pay for the firm at the price B from ts onwards, G prefers to postpone the privatization beyond ts . Meanwhile, the second inequality of condition (17) also implies that M is indeed willing to pay B for the firm from ts onwards. To see this, notice that, given w(ts ) = v(ts ), the inequality implies that w(ts ) > rB, and hence w(t) > rB, ∀t ≥ ts , (18) as w(t) is increasing in t. Notice also that, should the firm remain government owned prior to t1 , it would be privatized at t1 at the price B. Now, consider an instant immediately before t1 , say t. Suppose that G offers to privatize the firm at t at the price B as well. If M rejects G’s offer, he loses the instantaneous benefit of privatization, w(t), but gains by delaying paying for the firm. Given that the firm is priced at B, the amount M gains equals the annualized payment, rB, at instant t. Condition (18) thus implies that M prefers paying for the firm at the price B at t to postponing the privatization until later. In response, G naturally prices the firm at B at t should the firm remain government owned then. Given that the firm is priced at B immediately before t1 , I can apply the same logic and conclude by backward induction that should the firm remain government owned at any t ∈ [ts , t1 ], M is willing to pay the price B for the firm at t. All together, condition (17) implies that, even when privatizing the firm is feasible at ts , G prefers to delay the privatization beyond ts . Note that, because ts < t1 and v(ts ) > rB, v(t) can be shown to be decreasing at ts , as illustrated in Figure 3. Thus, as G postpones privatization beyond ts , his willingness to delay the privatization further will diminish; and G will stop delaying the privatization at te where v(te ) = rB and dv(te ) < 0. dt Figure 3 highlights what happens when privatization is delayed. In Figure 3, G does not begin to offer the firm until te . Starting from te until t1 , G always prices the firm at B, should the firm remain government owned. The solid horizontal line represents rB, the annualized price of the firm from te to t1 . Expecting this stream of prices, M is willing to privatize at any t ≥ te , should the firm have not been privatized by then, as w(t) > rB. Between te and t1 , G also prefers privatizing immediately to any further delay since rB > v(t). In equilibrium, privatization takes place at te at the price B. Proposition 3 Suppose that condition (17) holds. Then, privatization is delayed and takes place at price B e ) at te ∈ (ts , t1 ), where v(te ) = rB and dv(t < 0. dt Note that delayed privatization is inefficient from an ex ante point of view. By te , however, it is ex post efficient to privatize the firm immediately because postponing the privatization further only reduces the total gains from privatization. In contrast, premature privatization is inefficient both ex ante and ex post.
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Figure 3: Delayed privatization The next proposition summarizes conditions under which the firm is privatized with inefficient timing. Proposition 4 Suppose that t0 ≤ t1 . Then, privatization takes place in equilibrium with inefficient timing if rB < max{v(ts ), rV (ts )}.



(19)



In particular, a) privatization is delayed if v(ts ) > max{rB, rV (ts )}; and b) privatization is premature if rV (ts ) > max{rB, v(ts )}. Conditional on privatization taking place (t0 < t1 guarantees that privatization will occur at some time point), Proposition 4 identifies a sufficient condition for the equilibrium timing of privatization to be inefficient. Condition (19) states that the annualized price that M can afford to pay at any instant is insufficient to compensate for either the instantaneous cost, the annualized cost of privatization for G, or both, at the socially optimal time point. When v(ts ) > rB, M cannot afford the instantaneous cost of privatization at ts , causing G to put off the offer of the firm; whereas v(ts ) > rV (ts ) at the meantime (together with the assumption t0 ≤ t1 ) implies that improved private property rights protection will bring down the instantaneous cost of privatization to make G to change its mind. When rV (ts ) > rB, M cannot afford the firm at ts ; and the firm is not affordable to M in the future either if, in addition, rV (ts ) > v(ts ), as the latter suggests a rising annualized cost after ts . In this case, the firm can be privatized only prior to ts given the assumption t0 < t1 . Condition (19), along with the assumption that t0 < t1 , thus constitutes a sufficient condition for privatization to take place inefficiently. It turns out that condition (19) is also necessary for privatization with inefficient timing.
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Proposition 5 Privatization takes place efficiently, i.e., with efficient timing (te = ts ), if rB ≥ max{v(ts ), rV (ts )}.



(20)



Proposition 5 states that as long as privatization at ts is feasible (i.e., B ≥ V (ts )) and that M is able to afford an annualized price that compensates G for the instantaneous cost of privatization at ts (i.e., rB ≥ v(ts )), privatization will take place with efficient timing. The reason is as follows. Given that B > V (ts ), privatization is feasible at ts ; thus, the firm will be privatized, but not before ts . Privatization will not in equilibrium take place at t > ts either, because, at any such t, there exists a price for the firm that induces G and M to privatize earlier, given the fact that rB > v(ts ) = w(ts ). Proposition 1 considers the case when B < V (max{t0 , t}). Proposition 4 assumes that t0 ≤ t1 and rB < max{v(ts ), rV (ts )}; together, the two conditions imply that rV (max{t0 , t}) ≤ rB < max{v(ts ), rV (ts )}. Proposition 5 examines the case when rB ≥ max{v(ts ), rV (ts )}, which implies that B ≥ V (max{t0 , t}). Accordingly, Propositions 1, 4, and 5 cover all possible scenarios. I can thus conclude that privatization will not take place if and only if B < V (max{t0 , t}), and that, conditional on privatization taking place, it takes place with efficient timing if and only if condition (20) holds. My analysis up to this point has relied upon one key property in the improvement in private property rights protection: M always benefits from the improvement whereas this improvement serves as a double-edged sword for G. It is this property that leads to the particular patterns of how the instantaneous and annualized costs and benefits of privatization evolve over time. These patterns, coupled with the limited budget of M, result in the various privatization outcomes described above. Moreover, the analysis has demonstrated that, without M being budget constrained, none of the static distortions (unobservable managerial effort, insecure property rights, and inability of G to offer any incentive contract) will prevent ownership transformation from taking place with efficient timing. Nonetheless, M’s budget constraint alone is not enough to explain why privatization is delayed or is premature. For instance, when rB falls short of both v(ts ) and rV (ts ), privatization will be premature or be delayed. Whether privatization is delayed or is premature depends on whether or not v(ts ) < rV (ts ), which, among other things, is determined by the firm’s characteristics and the speed of institutional development. Furthermore, because the nature of inefficient privatization has to do with the firm’s characteristics and the speed of institutional development, a change in M’s budget alone will not cause premature privatization to be delayed, or vice versa.



5



Performance, Timing, and Pricing



Having outlined the equilibrium conditions for various privatization outcomes, I can now address the questions raised at the beginning of this paper.
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5.1



Timing and Performance



Why does privatization sometimes fail to improve firm performance? Is lackluster privatization performance attributable to institutional arrangements not being ready? Do parties involved in privatization take into account the readiness of institutional arrangements? If a privatization process leads to significant improvement in firm performance, is it something to emulate? To address these questions, consider the post-privatization financial performance derived from this anal2 ysis. At any particular time point, the firm’s expected profit equals µ(t) c π + xπ under private ownership and l 2 c π + xπ under government ownership. How privatization affects the firm’s financial performance in the short run, that is, immediately after privatization, thus depends on the equilibrium timing of privatization, or more precisely, the difference between the equilibrium and the efficient timing. The following observations can be derived from the fact that µ(ts ) = l: 2



Proposition 6 Let ∆Πe = (µ(te ) − l) πc be the difference between the expected profit of the firm under private ownership and that under government ownership at the equilibrium time of privatization, te . a) ∆Πe = 0 when te = ts ; that is, the firm’s performance improves marginally when the firm is privatized with efficient timing; b) ∆Πe > 0 when te > ts ; that is, the firm’s performance improves significantly when privatization is delayed; c) ∆Πe < 0 when te < ts ; that is, the firm’s performance deteriorates when privatization is premature. Proposition 6 matches post-privatization performance, measured in terms of the change in the firm’s expected profit, to the difference between the equilibrium and the efficient timing of privatization. This match is not coincidental. It is rooted in the fact that managerial effort, a, is the only channel through which the firm’s expected profit and the social surplus generated by the firm are affected. Other factors such as imperfect protection of private property rights for example affect the firm’s expected profit and the social surplus only through its impact on a. Accordingly, when the two ownership forms yield the same amount of social surplus, managerial effort must be the same under the two ownership forms, which in turn gives rise to the same amount of expected profit under the two ownership forms as well. A number of implications can be drawn from Proposition 6. First, lackluster privatization performance takes place because the institutional environment is not ready (in the sense that t1 < ts ), but not because G and M fail to take this unreadiness into account. In fact, it is the anticipated institutional development, coupled with M’s limited budget, that forces privatization to be premature and the firm’s performance to deteriorate. Second, a surge in post-privatization performance comes as a result of delayed privatization, implying that the social gains from privatization between the social optimal time point, ts , and the equilibrium time point, te , are not realized. Hence, privatization that dramatically improves firm performance in the short run actually incurs a deadweight loss, just as privatization with deteriorating firm performance in the short run does. In contrast, privatization with efficient timing gives rise to only marginal improvement in performance.
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Third, short-term post-privatization performance is therefore a misleading indicator of how successful privatization is. Moveover, it does not reflect the true value of the ownership change either. In particular, premature privatization yields a positive amount of total gains from privatization despite deteriorating firm performance in the short run. Before closing the discussion on the firm’s performance, let’s also take a look at the pattern of G’s behavior. Interestingly, despite the fact that institutional development improves protection of private property rights, the incidence of government expropriation does not always diminish over time. Since G does not expropriate under government ownership but does do so under private ownership, the incidences of government expropriation increase immediately after privatization. This happens despite, or rather because of, the continued improvement in private property rights protection since it is the latter that causes privatization to take place. One implication of this observation is that a change in the government’s behavior (in terms of whether it expropriates from the firm) may not be used as a proxy for institutional development as it is often done in the empirical literature.



5.2



Firm Characteristics and Patterns of Performance



My analysis suggests some systematic patterns in post-privatization performance variations. To derive these patterns and to highlight factors behind them, I examine first how B affects the equilibrium timing, using Propositions 1, 4, and 5. Corollary 1 The following observations hold: a) if v(ts ) > rV (ts ) (and hence ts < t), privatization does not take place for rB < rV (t), is delayed for rB ∈ [rV (t), v(ts )), and takes place with efficient timing for rB ≥ v(ts ); b) if rV (ts ) > v(ts ) (and hence ts > t), privatization does not take place for rB < rV (max{t0 , t}), is premature for rB ∈ [rV (max{t0 , t}), rV (ts )), and takes place with efficient timing for rB ≥ rV (ts ); and c) if rV (ts ) = v(ts ) (and hence ts = t), privatization does not take place for rB < rV (t) and takes place with efficient timing for rB > rV (t). Corollary 1 says that, as M’s budget increases, the equilibrium outcome changes from no privatization first to privatization with either deteriorating firm performance or performance that improves significantly, and then to privatization with efficient timing where firm performance improves marginally. According to this corollary, the larger M’s budget, the closer the equilibrium timing of privatization is to the efficient timing, which, combined with Proposition 6, implies: Corollary 2 Conditional on privatization taking place in equilibrium, |∆Πe | is decreasing in B; that is, the short-run post-privatization performance variation diminishes as M’s budget increases. Corollary 2 is interesting. It shows that, even though M’s budget has nothing to with the firm’s profitability, as a friction during the privatization process, it nonetheless impacts the firm’s post-privatization performance by affecting the equilibrium timing of privatization. 17



Three distinctive thresholds across which an increase in rB alters the equilibrium outcome can be obtained from Corollary 1: rV (max{t0 , t}) for no privatization to change to privatization, v(ts ) for delayed privatization to change to privatization with efficient timing when rV (ts ) < v(ts ), and rV (ts ) for premature privatization to change to privatization with efficient timing when rV (ts ) > v(ts ). Note that in (a) and (c) of Corollary 1, rV (max{t0 , t}) is reduced to rV (t), because, given that t0 < ts , t0 < t when ts ≤ t. As these thresholds depend on firm characteristics, I can then derive a number of patterns in performance variations by tracing how such characteristics alter these thresholds for a fixed M’s budget. Due to space limits, my discussion will focus on x, π, and c only. I focus on these three variables because they are more likely to be empirically measurable than are l (the extent M can derive private benefit under government ownership) and r (the discount rate). In particular, the inverse of x reflects the importance of M’s effort to the firm and hence the extent of the potential moral hazard. The inverse of c reflects M’s productivity. π, on the other hand, has two possible interpretations. The first interpretation is the size of the firm, as a larger firm tends to have a larger amount of realized profits than a smaller firm does, ceteris paribus. The second interpretation is the quality of the firm, since a better firm yields more profits than a not-so-good firm, other things equal. Considering that the size of the firm is perhaps more empirically measurable, I choose to interpret π as representing firm size, with a reminder that my analysis is equally applicable to firm quality. When tracing the change in value for each of these parameters, I assume that there exists a particular value for such a parameter at which rV (ts ) = v(ts ) > 0 (recall from equation (4) that ts = µ−1 (l)). This assumption allows the change in the parametric value to generate both the possibility of delayed privatization and that of premature privatization. Without this assumption, the results obtained below will still be valid, except that either premature privatization or delayed privatization will no longer be observed in equilibrium. First, consider x. Proposition 7 Suppose that there exists x∗ such that rV (ts (l), x∗ , π, c) = v(ts (l), x∗ , π, c) for some l, π, and c. Then, fixing l, π, c, the following properties hold with respect to x: a) the less important M’s effort is to a firm (i.e., when x is larger), the (weakly) less efficient the privatization outcome is; b) M’s effort is less important to a firm with deteriorating performance immediately after privatization (i.e., ∆Πe < 0) than to a firm with improved performance (i.e., ∆Πe > 0); c) for a firm that is privatized with deteriorating performance immediately after privatization (i.e., ∆Πe < 0), the less important M’s effort is to the firm (i.e., when x is larger), the earlier the equilibrium time of privatization is and hence the larger the decline in performance is (i.e., the larger −∆Πe is); and d) for a firm that is privatized with improved performance immediately after privatization (i.e., ∆Πe > 0), the less important M’s effort is to the firm (i.e., when x is larger), the longer the delay is and hence the larger the improvement in performance is (i.e., the larger ∆Πe is). Figure 4 highlights different equilibrium outcomes in relation to x and rB. In this figure (as well as in the next two figures), the “Delay” area corresponds to delayed privatization, during which firm performance improves; while the “Premature” area indicates premature privatization, during which firm performance deteriorates. One property reflected in the figure (as well as in the next two figures) is that 18
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Figure 4: Privatization outcomes in relation to x, rB max{v(ts ), rV (ts )} ≥ rV (max{t0 , t}) and the equality holds if and only if v(ts ) = rV (ts ). This property is obtained from how the instantaneous, as well as the annualized, costs and benefits of privatization evolve over time. Figure 4 demonstrates two features that are key to Proposition 7. First, the three thresholds, rV (ts , x), v(ts , x), and rV (max{t0 , t}, x), are all increasing in x. Second, v(ts , x) > rV (ts , x) when x < x∗ , and vice versa. To understand the intuition behind these two features, note that x impacts the normal profit only. When x becomes larger, M’s effort matters less to the firm. As a result, the costs (instantaneous and annualized) of privatization to G increase (as there is a smaller gain from motivating M). Furthermore, because G legitimately claims the normal profit under government ownership but is able to extract the normal profit under private ownership with probability 1 − µ(t) only, an increase in x increases the instantaneous cost of privatization at an increasing rate as private property rights protection improves. Accordingly, a larger x increases the annualized cost at any t more than it increases the instantaneous cost, implying that v(ts , x) < rV (ts , x) when x > x∗ , and vice versa. And it is for this reason that in Figure 4, the threshold for premature privatization, rV (ts , x), is plotted only for x > x∗ , while the threshold for delayed privatization, v(ts , x), is drawn only for x < x∗ (and the same applies to the next two figures). Proposition 7 is then derived from these two features. As shown in Figure 4, when x becomes larger, the equilibrium timing changes either from the efficient timing to an inefficient timing (either premature or delayed), or from an inefficient timing to no privatization at all. Conditional on the firm being privatized prematurely, an increase in the annualized cost (because of a larger x) forces privatization to take place even earlier, leading to a larger decline in the firm’s performance after privatization. Note that despite the fact that a larger x implies a larger normal profit, the normal profit remains the same both before and after privatization. Hence, a larger x impacts the firm’s post-privatization performance only through affecting the equilibrium timing of privatization. Similarly, given that privatization is delayed, an increase in the instantaneous cost
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of privatization pushes the equilibrium time further beyond the efficient timing, creating a larger surge in profits after privatization. Finally, because delay happens only when v(ts , x) > rV (ts , x) while premature privatization takes place only when v(ts , x) > rV (ts , x), x must be larger for a firm privatized prematurely than for a firm with delayed privatization. Next, consider π. Proposition 8 Suppose that there exists π ∗ such that rV (ts (l), x, π ∗ , c) = v(ts (l), x, π ∗ , c) for some l, x, and c. Then, fixing l, x, c, the following properties hold with respect to π: a) if a firm has improved performance immediately after privatization (i.e., ∆Πe > 0), then another firm of a larger size must also have improved performance (i.e., ∆Πe > 0) should it be privatized; b) the size of a firm with deteriorating performance immediately after privatization (i.e., ∆Πe < 0) is smaller than the size of a firm with improved performance (i.e., ∆Πe > 0).
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Figure 5: Privatization outcomes in relation to π, rB Figure 5 depicts two features that are key to Proposition 8: v(ts , π) increases in π and v(ts , π) > rV (ts , π) if and only if π > π ∗ . The two panels of Figure 5 serve to illustrate that the shapes of rV (ts , π) and rV (max{t0 , t}, π) are in general undetermined. The intuition behind the first feature is as follows. The firm size, π, affects both the normal profit and the extra profit. However, at the efficient timing, ts , the managerial effort is the same whether or not the firm is privately owned. Therefore, the impact of a change in π does not fall on the extra profit (which is determined by the managerial effort). Instead, the impact falls on the normal profit as G receives the normal profit at a higher probability under government ownership. As a result, v(ts , π), the instantaneous cost evaluated at ts , is increasing in firm size. The second feature is derived from the quadratic form of the managerial cost function and the fact that private property rights protection improves over time. With a quadratic managerial cost function, the impact 20



of a larger firm size on the annualized cost, when evaluated at t = ts and π = π ∗ , can be decomposed into two parts. One part is proportional to the extra profit part of the annualized cost, and the other is equal to the rate at which a larger firm size increases the instantaneous cost, both evaluated at t = ts and π = π ∗ . Thus, when t = ts and π = π ∗ , a larger firm size increases the annualized cost at a slower rate than it increases the instantaneous cost, provided that the extra profit part of the annualized cost is negative when it is evaluated at t = ts and π = π ∗ . When evaluated at π = π ∗ (hence the annualized cost equals the instantaneous cost) and t = ts (hence the extra profit part of the instantaneous cost is zero), the extra profit part of the annualized cost is indeed negative, as the normal profit part of the annualized cost always outweighs the corresponding part of the instantaneous cost thanks to the improving private property rights protection. Proposition 8 is then derived from these two features. If the privatization of one firm is delayed (hence v(ts , π) > rB), the privatization of another with a larger size (and hence a large instantaneous cost) must be delayed as well, should the privatization take place. Furthermore, given that v(ts , π) < rV (ts , π) if and only if π < π ∗ , privatization is premature only if π < π ∗ and is delayed only if π > π ∗ , implying that a firm with deteriorating post-privatization performance must be smaller than a firm with improving post-privatization performance. At last, consider c. Proposition 9 Suppose that there exists c∗ such that rV (ts (l), x, π, c∗ ) = v(ts (l), x, π, c∗ ) for some l, x, and π. Then, fixing l, x, π, the following properties hold with respect to c: a) a firm with deteriorating performance immediately after privatization (i.e., ∆Πe < 0) has a less productive M (i.e., a larger c) than a firm with improved performance (i.e., ∆Πe > 0) does; b) if a firm has deteriorating performance immediately after privatization (i.e., ∆Πe < 0), then another firm with a less productive M (i.e., a larger c) also has deteriorating performance (i.e., ∆Πe < 0), should it be privatized; c) if a firm has improved performance immediately after privatization (i.e., ∆Πe > 0), another firm with a more productive M (i.e., a smaller c) is also privatized and it is privatized with improved performance (i.e., ∆Πe < 0); and d) if a firm is privatized with marginal improvement in performance immediately after privatization (i.e., ∆Πe = 0), another firm with a more productive M (i.e., a smaller c) is also privatized and it is privatized with marginal improvement in performance (i.e., ∆Πe = 0). A change in c impacts the extra profit alone. Therefore, at ts , where both government ownership and private ownership generate the same amount of extra profit, a change in c has no effect on the instantaneous cost, v(ts ). Because a change in c affects the extra profit only, the effect of better management (a smaller c) on rV (t, c) is proportional to the extra profit of the annualized cost evaluated at t. Given that there exists c∗ such that rV (ts , c∗ ) = v(ts , c∗ ), we know from the previous discussion with regard to π that, due to the improvement in private property rights protection, the extra profit part of the annualized cost evaluated at ts must be negative, suggesting that better management helps reduce the annualized cost when t = ts . The increasing annualized cost at ts , coupled with the fact that the instantaneous cost at ts is independent of c, 21
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Figure 6: Privatization outcomes in relation to c, rB implies that v(ts , c) > rV (ts , c) when c < c∗ and vice versa. Moreover, based on the fact that improved private property rights protection serves as a double-edged sword to G, it can be shown that, when t > ts , the extra profit part of the annualized cost evaluated at t is negative as well. Thus, when c < c∗ and hence t > ts > t0 , rV (max{t0 , t}, c) = rV (t, c) is also increasing in c. (ts ,c) 0 ,t},c) Figure 6 illustrates these three features ( dv(tdcs ,c) = 0, drVdc > 0, and, when c < c∗ , drV (max{t > dc 0), from which Proposition 9 is derived. In particular, given that v(ts , c) > rV (ts , c) if and only if c < c∗ , privatization is delayed only if c < c∗ and is premature only if c > c∗ , suggesting that the manager of a firm with deteriorating post-privatization performance must be less productive than that of a firm with improved post-privatization performance is. Because v(ts ) is independent of managerial productivity, whereas rV (t, c) is increasing in c when c < c∗ , the privatization of a firm must be delayed (i.e., v(ts ) > rB > rV (t, c)) and hence must register improvement in performance if another firm with less competent management has improved performance. Moreover, because rV (ts , c) is decreasing in managerial productivity, if one firm is privatized prematurely (and hence B < V (ts )), another firm with a less productive manager must be privatized prematurely as well, unless the firm is not privatized at all. Finally, because both the instantaneous cost is constant at ts while the annualized costs at ts is decreasing in managerial productivity, if one firm is privatized with efficient timing (rB > max{v(ts ), rV (ts , c)}), so is another with more capable management.



5.3



The Underpricing Phenomenon



In addition to the patterns of performance, the equilibrium price of the firm follows particular traits as well. According to Propositions 2 and 3, the price exhausts M’s ability to pay whenever the equilibrium timing is inefficient. As I will show in this subsection, when privatization takes place with efficient timing despite M’s “binding” budget constraint, the firm will almost always be “underpriced” in equilibrium. By “binding”, I mean that there exists some t at which M is willing to pay more than what he can afford. By “underpricing”,
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I refer to the phenomenon where the price of the firm exhausts neither M’s willingness to pay nor his ability to pay; that is, q(te ) < min{B, W (te )}. The existing literature on privatization offers two arguments on the underpricing phenomenon. One is a political economy argument by Biais and Perotti (2002), suggesting that underpricing, in association with mass privatization, helps to create a large political base with on-going stakes in privatized firms to prevent any post-privatization expropriation from happening. The other is an information argument offered by Perotti (1995) and by Bolton, Pivetta, and Roland (1997). In both works, underpricing (along with partial privatization) is used either to signal the seller’s commitment to privatization (Perotti 1995) or to sort out new owners’ abilities in managing the privatized firm (Bolton, Pivetta, and Roland 1997). As argued in the Introduction, given the context behind this model, neither argument is as relevant as my subsequent explanation. In this model, the reason for the underpricing phenomenon lies in M’s budget constraint. In particular, the firm is underpriced (q(te ) < min{B, W (te )}) if M’s budget is large enough to ensure privatization to take place with efficient timing, while at the same time is small enough so that it is binding in the aforementioned sense. To see this, recall that privatization takes place with efficient timing if and only if rB ≥ max{v(ts ), rV (ts )}. Excluding the knife-edge case where rB = max{v(ts ), rV (ts )} (the firm is obviously not underpriced in this case), privatization with efficient timing implies that rB > v(ts ) = w(ts ). rB > w(ts ) in turn implies that, should the firm be priced to exhaust M’s ability to pay, M would find it better to forego the instantaneous benefit of privatization and hence save the annualized payment, rB, by postponing privatization until a moment after ts . In order to induce M to accept privatization at ts , the firm must therefore be priced so that q(ts ) < B. Meanwhile, when M’s limited budget does not always exceed his willingness to pay as described earlier, there must exist τ > ts such that B < W (τ ) (since W (t) is increasing). This means that M is able to obtain a positive buyer’s surplus from privatization at some time point after ts , should the firm remain government owned then. Since privatization takes place at ts in equilibrium, M must claim a positive buyer’s surplus at ts , i.e., q(ts ) < W (ts ), as well. Otherwise, M would try to postpone privatization until later when W (t) becomes larger. When B ≥ limt→∞ W (t), that is, when M’s budget is so large that he can always afford to pay what he is willing to pay, G prices the firm such that q(t) = W (t) for all t ≥ ts . With this stream of prices, M gets no buyer’s surplus from privatization, regardless of the timing of the privatization. Expecting this, M agrees to privatize at ts . Underpricing thus does not take place in equilibrium. The equilibrium price pattern can therefore be summarized as follows: Proposition 10 The equilibrium price of the firm is uniquely determined and exhibits the following pattern: a) the equilibrium price of the firm exhausts M’s ability to pay (i.e., q(te ) = B ≤ W (te )) when privatization takes place with inefficient timing; b) the firm is underpriced in equilibrium (i.e., q(te ) < min{B, W (te )}) when privatization takes place with efficient timing, unless, in addition to te = ts , (b.1) M’s budget always exceeds his willingness to pay (i.e., B > W (t), ∀t), in which case the price of the firm exhausts M’s willingness to pay (i.e., q(ts ) = W (ts )); and 23



(b.2) rB = w(ts ), in which the case the equilibrium price of the firm exhausts M’s ability to pay (i.e., q(ts ) = B ≤ W (ts )). According to Proposition 10, M commands a positive buyer’s surplus in equilibrium, unless his budget always exceeds his willingness to pay. Given this feature, it is natural to ask if G is able to command a positive seller’s surplus in equilibrium. Corollary 3 G commands a positive share of social gains from privatization from equilibrium unless the equilibrium timing of privatization equals t1 . When privatization takes place at t1 , the firm is priced at B = V (t1 ). Hence, all the gains from privatization go to M. When privatization takes place ahead of t1 , G obviously obtains a positive seller’s surplus if G is able to price the firm to exhaust M’s ability to pay in equilibrium (because B > V (te ) for te < t1 ). If G is not able to exhaust M’s ability to pay in equilibrium, privatization takes place with efficient timing per Proposition 10. In order for privatization to take place with efficient timing, G has to price the firm in such a way to avoid delay in privatization. The fact that delay is inefficient implies that, from the social point of view, privatization at ts is preferred to privatization after ts . Since the social gains are split between G and M in terms of the seller’s surplus and the buyer’s surplus, when G exercises its pricing power to make sure that M is indifferent between privatizing at ts and privatizing after ts , G itself must strictly prefer privatizing at ts to privatizing after ts , implying that privatizing at ts must give G a positive seller’s surplus.



5.4



The Curse of Faster Institutional Development



The last question to be addressed is whether faster institutional development helps to improve privatization performance. Faster institutional development has the potential to increase the ex ante expected total social gains from privatization, for two reasons. First, faster institutional development allows the potential gains from privatization to emerge earlier. Second, should privatization take place with inefficient timing, faster institutional development may also improve efficiency by alleviating the deadweight loss associated with inefficient privatization. The second source of improvement, however, is not always realized. On the contrary, in the presence of M’s limited budget, faster institutional development may in fact either create or exacerbate the deadweight loss. This, coupled with the earlier arrival of the potential gains from privatization (the first source of improvement), makes it unclear if faster institutional development actually improves efficiency in privatization. To elaborate these arguments, let µ be determined by t and η, the speed of institutional development. ∂µ µ(t) is assumed to satisfy the following properties: µ(0, η) = 0, limt→∞ µ(t, η) = 1, both ∂µ ∂t and ∂η are 2



∂ µ positive and are bounded from above, and ∂t∂η > 0 (i.e., the protection of private property rights improves at a consistently faster rate for a larger η than for a smaller η). An example of µ(t, η) that satisfies these properties is µ(t, η) = 1 − e−ηt with η ∈ (0, 1). It is straightforward to show that an increases in η reduces t0 , that is, faster institutional development induces the gains from privatization to come earlier. Meanwhile, as the efficient timing of privatization is
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determined by µ(ts , η) = l, an increase in η also reduces ts : faster institutional development calls for earlier privatization as well. Suppose that, without the increase in the speed of institutional development, the firm’s characteristics dictate that v(ts ) > rV (ts ). Per Corollary 1, the firm, if it is privatized, is either privatized with delay or with efficient timing; and whether there is delay or not depends on if v(ts ) > rB. Since v(ts ) = lxπ, which is independent of η, the speed of institutional development does not affect whether privatization is delayed or takes place efficiently. Furthermore, if privatization is delayed, the firm is privatized at the state e ) of institutional development, µe , such that v(µe ) = rB and dv(µ < 0, according to Proposition 3. In dµ other words, given that privatization remains delayed, the increase in η will not affect the state of institutional development at which the firm is privatized. Therefore, as long as the firm continues to be privatized and as long as it remains true that v(ts ) > rV (ts ), faster institutional development only leads to the first source of improvement by reducing the time needed for privatization to take place. Nevertheless, the speed of institutional development does affect rV (ts ) and rV (max{t0 , t}), two values that determine if privatization takes place prematurely or not at all. Recall that improved private property rights protection serves as a double-edged sword for G when the firm is privately owned. In particular, as better protection of private property rights eventually increases the instantaneous cost of privatization, faster institutional development may increase rV (max{t0 , t}), rV (ts ), or both. When rV (ts ) increases beyond both v(ts ) and rB, the firm, which is otherwise privatized with efficient timing or at a delayed time point, becomes privatized prematurely; when rV (max{t0 , t}) goes above rB, privatization, which is otherwise feasible, turns infeasible. In either cases, the second source of improvement does not materialize. Instead, as efficient privatization can become inefficient and feasible privatization can turn infeasible, faster institutional development may in fact either create or exacerbate the deadweight loss associated with inefficient privatization rather than alleviating it. Proposition 11 Faster institutional development can cause a firm that is otherwise privatized to fail to be privatized instead, or cause a firm that is otherwise privatized with efficient timing to be privatized prematurely instead. Proposition 11 raises an interesting hypothesis. Imagine two countries (say, an Eastern European transition economy and China). One (an Eastern European transition economy) has a faster institutional development process than the other (China), thanks to political reforms that are designed to restrict the state’s ability to expropriate (Biais and Perotti 2002). As faster institutional development moves ts earlier on the one hand, but may increase rV (ts ) beyond v(ts ) on the other, it is possible that in the latter country, privatization happens later and improves average firm performance (because v(ts ) > max{rB, rV (ts )}), whereas privatization takes place in the former country much earlier and with deteriorating firm performance on average (as rV (ts ) exceeds max{rB, v(ts )}, thanks to the faster institutional development). Once again, because faster institutional development also allows the potential gains from privatization to emerge earlier, one cannot conclude that the former country attains less social welfare from the ex ante point of view, despite worse post-privatization performance in that country.
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6



Discussion and Conclusion



This paper represents an initial attempt to analyze post-privatization firm performance and to offer systematic testable patterns in performance variations. In spite of a large theoretical literature on privatization, most of the existing studies (Sappington and Stiglitz 1987, Vickers and Yarrow 1991, Schmidt 1996, Hart, Shleifer, and Vishny 1997, for example) have stressed the costs and benefits, rather than the performance, of privatization, and have focused on privatization of firms that possess substantial market power or provide public services, rather than competitive firms, which are the major target of privatization in transition economies and hence the center of this analysis. Among the limited works on the privatization of competitive firms, few have been devoted to understanding the trade-offs between government ownership and private ownership, the potential source of performance variations. This paper builds on works by Shleifer and Vishny (1994), Che and Qian (1998b), Che (2002), and Biais and Perotti (2002), and identifies government failure from which a private firm suffers as the root of such a trade-off. Different from these previous studies, which examined the trade-off from a static perspective, this paper emphasizes how improved protection of private firms against government expropriation shapes the evolution of this trade-off and how this evolution, coupled with buyers’ financial constraints, leads to variations in privatization performance. The paper is related to the work by Biais and Perotti (2002). Biais and Perotti (2002) analyzes privatization in a two-period model with majority voting, where a firm faces the risk of government expropriation as well. Different from this analysis, in Biais and Perotti (2002), the risk of expropriation is at its maximum when the firm is government owned, but the risk is contained under dispersed private ownership. According to Biais and Perotti (2002), dispersed private ownership allows voters at large to share a stake in the on-going success of the firm, who will consequently use their votes to prevent government expropriation. The analysis by Biais and Perotti is therefore better applied to privatization in Central and Eastern European transition economies where political transformation preceded economic liberalization, but arguably not to the context of China. One of the implications of Biais and Perotti’s paper is that privatization improves firms’ financial performance. Blanchard and Kremer (1997), Li (1999), and Roland and Verdier (1999), on the other hand, argue that, by preventing the state from internalizing inter-firm strategic externalities, large-scale privatization campaigns in Central and Eastern Europe and the former Soviet Union contributed to economy-wide decreases in profitability. The theoretical discrepancy corresponds to the mixed empirical evidence concerning privatization performance mentioned in the Introduction. Accounting for cross-firm performance variations, this paper is useful in reconciling the theoretical discrepancy and offering an economic rationale for the empirical observations. Indeed, my analysis is broadly applicable to the Central and Eastern European economies and the former Soviet Union, despite the fact that it is streamlined to reflect some key aspects of the privatization experience in China. It formalizes the notion that “economic performance gains come only from ‘deep privatization’, that is, when change-of-title reforms occur once key institutional and ‘agency’ related reforms have exceeded certain threshold levels” (Zinnes, Eilat, and Sachs 2001). It also pushes this notion one step further: It points out that the very institutional development that promotes the efficiency of private firms by restricting government expropriation presents a double-edged sword to a rent-seeking government. It is this double-
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edged sword, together with buyers’ financial constraints, that leads to disappointing economic performance at times and remarkable performance gains at other times. Moreover, as transition economies differ in the speed of institutional development and in their industrial structure (and hence firm characteristics across these industries), an analysis along this line of reasoning may provide a fresh perspective to understanding cross-country variations in privatization performance as well. In fact, compared with China, the Central and Eastern European transition economies have arguably had much faster development in establishing both legal and political order to constrain the government. This, according to this paper, may have contributed to earlier timing in privatization on the one hand, and to the relatively worse, rather than better, privatization performance on the other. This paper contributes to our understanding of other related issues in privatization as well. Sequencing in privatization is studied by Glaeser and Scheinkman (1996), Gupta, Ham, and Svejnar (2008), and Chakraborty, Gupta, and Harbaugh (2006). Assuming that firms cannot be privatized simultaneously, Glaeser and Scheinkman (1996) argue that the sequencing in privatization affects how privatized firms can better transmit and respond to market information. Gupta, Ham, and Svejnar (2008) and Chakraborty, Gupta, and Harbaugh (2006) stress the role of information asymmetry between buyers and the government in affecting the latter’s choice in sequencing the privatization of firms of different qualities. The underpricing phenomenon, as mentioned earlier, has been examined from a political economy perspective by Biais and Perotti (2002) and from an informational perspective by Perotti (1995) and Bolton, Pivetta, and Roland (1997). In addition, this paper offers some important implications for empirical studies on privatization performance. First, this paper suggests that firms with different characteristics will be privatized with different timing and hence with different short-term performance variations. Accordingly, empirical studies measuring privatization performance confront the sample selection problem both across firms with different characteristics and over time. Second, possible frictions in a privatization process must be taken into account to derive sensible measures of privatization performance. Third, short-run deterioration in post-privatization performance may not serve as evidence of privatization failure, nor can a dramatic improvement in postprivatization performance be evidence of privatization success. The paper also sheds light on the Chinese reform experience, which has offered mixed evidence for the long-standing argument that secure property rights are of crucial importance to private economic activities. As I illustrated in the Introduction, China witnessed sustained growth despite weak property rights protection during the first one and a half decades of its reforms; subsequently, when private property rights became better protected, privatization began taking place in China amidst continuous rapid growth. This paper brings the two halves of the Chinese experience into one picture (see also Che 2007a) and helps to bridge the gap between the Chinese experience and the aforementioned popular view concerning private property rights protection. It shows that economic growth can be propelled by organizations that are robust to weak institutional arrangements (Che and Qian 1998b and Che 2002), but at the same time, these organizations tend to be imperfect substitutes for the institutional protection of property rights. Exactly because better protection of property rights promotes private economic activities, an improved institutional environment calls for organizations that allocate more rights to private agents. Finally, while the paper focuses on the development of private property rights protection as the driving force behind privatization and buyers’ financial constraints as a bottleneck in ownership transformation, these 27



are not the only, and perhaps not even be the most important, factors that matter. It will be useful to identify other determinants that shape ownership dynamics, something to be left for future research.
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Appendix Proof of Lemma 1: These properties are derived from equations (1) and (2). In particular, by twice differentiating v(t), I have 2 d2 v ∂ 2 v dµ 2 ∂v d µ ∂v d2 v ∂ 2 v dµ 2 ∂2v 2 dt = ∂µ2 ( dt ) + ∂µ dt2 , implying that, when ∂µ = 0, dt2 = ∂µ2 ( dt ) > 0 (since ∂µ2 > 0). I therefore conclude that v(t) is quasi-convex in t. Q.E.D. Proof of Lemma 2: Without loss of generality, suppose that the following occurs in equilibrium. The firm begins with government ownership, is privatized at ta > 0 and then is reverted back to government ownership at tb > ta . In order for the firm to adopt private ownership between ta and tb , both G and M must find themselves better off with such a change, since otherwise government ownership would persist during this time interval. Rt That is, it must be the case that tab e−r(z−ta ) (w(z) − v(z))dz > 0. Since w(z) − v(z) is increasing in z, this inequality implies that there must exist τ ∈ [ta , tb ] such that w(z) − v(z) > 0, ∀z ∈ [τ, tb ], which in turn further implies that w(z) − v(z) > 0, ∀z ≥ τ . Likewise, in order for the firm to abandon private ownership and revert back to government ownership after tb , both G and M must find themselves better off with such a change as well. That is, there must exist Rt t > tb such that tb e−r(z−tb ) (w(z) − v(z))dz < 0. However, because w(z) − v(z) > 0, ∀z ≥ τ , this inequality cannot hold. Contradiction. Q.E.D. Proof of Proposition 1: Omitted.



Q.E.D.



Proof of Proposition 2: Privatization will not take place prior to t1 . To see this, suppose that privatization takes place at τ ∈ [t0 , t1 ]. For this to happen, G and M must collectively find themselves better off with the privatization than Rt holding on to government ownership and privatizing the firm at t1 instead: τ 1 e−r(z−τ ) (w(z)−v(z))dz > 0, which does not hold as t1 < ts . Q.E.D. Proof of Proposition 3: First, I prove that, when ts < t1 and v(ts ) > rB, there exists te ∈ (ts , t1 ) such that v(te ) = rB. This is derived from the intermediate value theorem given that v(t1 ) < rV (ts ) = rB and v(ts ) > rB. Second, it is straightforward to show that v(t) > rB, ∀t < te and v(t) < rB, ∀t ∈ (te , t1 ], that e ) e < 0. v(t ) > rV (te ), and that dv(t dt Next, I prove that the firm is indeed privatized at te . Note that v(ts ) > rB implies that w(t) > rB, ∀t ∈ [ts , t1 ]. Hence, ∀t ∈ [ts , t1 ), Z W (t) − B



t0 −r(z−t)



=



e



Z



Z



e−r(z−t) (w(z) − rB)dz



t0



t



=



∞



(w(z) − rB)dz +



t0



0



e−r(z−t) (w(z) − rB)dz + e−r(t −t) (W (t0 ) − B)



t



>



0



e−r(t −t) (W (t0 ) − B), ∀t0 ∈ (t, t1 ].
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This suggests that M is willing to privatize at t ∈ [ts , t1 ) at the price B rather than postponing the privatization if he expects the firm to be priced at B in the future should the firm remain government owned then. Evidently, the firm will be priced at B at t1 , should it have not been privatized by then. −r(z−t) (B−V (z)) Now, consider the function, e−r(z−t) (B − V (z)). Since de = e−r(z−t) (v(z) − rB), dz −r(z−t) e (B − V (z)) is decreasing in z if v(z) < rB. This, together with the fact that v(z) < rB, ∀z ∈ (te , t1 ], implies that, ∀t ∈ (te , t1 ), B − V (t) > e−r(z−t) (B − V (z)), ∀z ∈ (t, t1 ], which in turn implies that B − V (t) > e−r(z−t) (q(z) − V (z)), ∀z ∈ (t, t1 ]. In other words, instead of postponing the privatization until later, G prefers to offer the firm at the price B at time t, should the firm have not been privatized by then. Given that the firm would be privatized at B at t1 should it remain government-owned at that time, I can conclude that the firm would be priced at B, ∀t ∈ [te , t1 ], should it remain government-owned at t. Likewise, e−r(z−t) (B − V (z)) is increasing in z if v(z) > rB. Therefore, ∀t < te , e



e−r(z−t) (B − V (z)) < e−r(t



−t)



(B − V (te )), ∀z ∈ (t, te ].



This in turn implies that e



B − V (t) < e−r(t



−t)



(B − V (te )), ∀t < te .



In other words, for any t prior to te , there does not exist a price q(t) ≤ B such that G would prefer to privatize earlier at t rather than at te at the price B. Accordingly, G will not begin to offer the firm until te and, once it does, it will price the firm at B until it is privatized; expecting this, M agrees to pay B at te . Q.E.D. Proof of Proposition 4: Given that t0 < t1 , privatization is premature if ts > t1 . Since V (t) is increasing in t at t1 and hence v(t) < rV (t) for all t ≥ t1 , ts > t1 if and only if v(ts ) < rV (ts ) and rB < rV (ts ). Thus, privatization is premature if rV (ts ) > max{rB, v(ts )}. Likewise, privatization is delayed if ts < t1 and v(ts ) > rB. Because V (t) is increasing in t and v(t) < rV (t) for all t ≥ t1 , conditional on v(ts ) > rB, ts < t1 holds if v(ts ) > rV (ts ). Hence, privatization is delayed if v(ts ) > max{rB, rV (ts )}. Q.E.D. Proof of Proposition 5: B > V (ts ) implies that privatization is feasible at ts . Thus, privatization will not take place prior to ts . Privatization will not take place in equilibrium at t > ts either. To see this, suppose that privatization takes place in equilibrium at t > ts at the price q(t). I can show the following: Lemma A. 1 Suppose that rB ≥ max{v(ts ), rV (ts )} and that there exists a Markov subgame perfect price, q(t), for some t > ts . Then, there exists a Markov subgame price, q(τ ), for some τ ∈ [ts , t).
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Proof: Suppose not. Then take any τ ∈ [ts , t) and let the price of the firm at τ be Z t q(τ ) = min{ e−r(z−τ ) w(z)dz + e−r(t−τ ) q(t), B}. τ



Rt R∞ By the definition of q(τ ), τ e−r(z−τ ) w(z)dz ≥ q(τ ) − e−r(t−τ ) q(t). Adding e−r(t−τ ) t e−r(z−t) w(z)dz to both sides of the inequality, I have, after rearrangement, that W (τ ) − q(τ ) ≥ e−r(t−τ ) (W (t) − q(t)).



(21)



Rt Rt Suppose that τ e−r(z−τ ) w(z)dz+e−r(t−τ ) q(t) < B and hence q(τ ) = τ e−r(z−τ ) w(z)dz+e−r(t−τ ) q(t). Subtracting V (τ ) from q(τ ), I have Z q(τ ) − V (τ ) =



t



e−r(z−τ ) (w(z) − v(z))dz + e−r(t−τ ) (q(t) − V (t)).



τ



Since t > τ ≥ ts ,



Rt τ



e−r(z−t) (w(z) − v(z))dz > 0. Therefore, q(τ ) − V (τ ) > e−r(t−τ ) (q(t) − V (t)).



Suppose that from q(τ ), I have



Rt τ



(22)



e−r(z−τ ) w(z)dz + e−r(t−τ ) q(t) ≥ B and hence q(τ ) = B instead. Subtracting V (τ )



t



Z q(τ ) − V (τ )



e−r(z−τ ) (rB − v(z))dz + e−r(t−τ ) (B − V (t))



= τ t



Z



e−r(z−τ ) (rB − v(z))dz + e−r(t−τ ) (q(t) − V (t)).



≥ τ



Meanwhile, given that rB ≥ max{v(ts ), rV (ts )} and that v(.) is increasing only if rV (.) > v(.), rB ≥ v(τ ), ∀τ ∈ [ts , t] (otherwise B < V (t) and privatization would not be feasible at t). In accordance, Z



t



e−r(z−τ ) (v(z) − rB)dz ≤ 0.



τ



Hence q(τ ) − V (τ ) ≥ e−r(t−τ ) (q(t) − V (t)).
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Inequalities (21), (22), and (23) state that both G and M are willing to privatize the firm at τ at the price q(τ ) rather than putting off the privatization until t. Given the fact that q(t) satisfies conditions (11) and (12), and given the assumption that there exists no Markov subgame perfect price for any t0 ∈ [τ, t), q(τ ) satisfies (11) and (12) as well. Since W (t) ≥ q(t) ≥ V (t), W (τ ) ≥ q(τ ) ≥ V (τ ). Finally, by construction, it is evident that q(τ ) ≤ B. Therefore, q(τ ) is a Markov subgame perfect price at τ . Contradiction.  Since there exists a Markov subgame perfect price, q(τ ), at τ < t, privatization cannot take place in equilibrium at t. Finally, given that privatization is feasible at ts , there must exist a price for the firm so that both G and M prefer privatizing at ts to never privatizing the firm. Q.E.D. 31



Proof of Proposition 6: Omitted.



Q.E.D.



Proof of Corollary 1: This is derived from Propositions 1, 4, and 5.



Q.E.D.



Proof of Corollary 2: 1 Consider first the case where privatization is premature. In this case, t1 < ts . Since dVdt(t1 ) > 0, dt dB > 0. Thus, a larger B brings the equilibrium timing closer to the efficient timing. Next, consider the case where privatization is delayed. Per Proposition 3, the equilibrium timing is given e ) by v(te ) = rB. Since privatization at te is feasible, v(te ) > rV (te ). Following Lemma 1, dv(t < 0. dt e e < 0. Since t > t , a larger B brings the equilibrium timing closer to the efficient timing as Therefore, dt s dB well. Q.E.D. Proofs of Propositions 7, 8, and 9: The proofs of these three propositions are grouped together because they share some similarity. I begin with the following observations. Let θ ∈ {x, π, c}. Recall that ts is determined solely by l. Therefore, dv(ts , θ) ∂v(ts , θ) = dθ ∂θ and



drV (ts , θ) ∂rV (ts , θ) = . dθ ∂θ



Since rV (t) is minimized at t, using the envelope theorem, I also have drV (t, θ) ∂rV (t, θ) = . dθ ∂θ Moreover, since t0 is given by rW (t0 , θ) − rV (t0 , θ) = 0, it can be shown that t0 is independent of θ. Accordingly, drV (t0 , θ) ∂rV (t0 , θ) = . dθ ∂θ In addition, when privatization is premature in equilibrium, V (te , θ) = B and differentiating the equation V (te , θ) = B, I have sign



∂V (te ,θ) ∂t



> 0. Hence, after



∂te ∂V (te , θ) = −sign . ∂θ ∂θ



In contrast, when privatization is postponed in equilibrium, v(te , θ) = rB, implying that e ∂v(te ,θ) = 0 and that ∂v(t∂t ,θ) < 0 (since v(te , θ) > rV (te , θ)). Hence, ∂θ sign



∂v(te ,θ) ∂te ∂t ∂θ



+



∂te ∂v(te , θ) = sign . ∂θ ∂θ



Finally, define θ∗ such that v(ts , θ∗ ) = rV (ts , θ∗ ). Because V (t) is quasi-convex, rV (t) is increasing when
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t > t. This, along with the facts that rW (t) > w(t) and that w(t) is increasing in t, implies: max{v(ts , θ), rV (ts , θ)} ≥ rV (max{t0 , t}, θ);



= if and only if v(ts , θ) = rV (ts , θ).



(24)



With these observations, I now proceed to prove Propositions 7, 8, and 9 respectively. R∞ (t,x) = µ(t)π > 0 and ∂rV∂x = r t e−r(z−t) µ(z)πdz > 0. Proposition 7: Let θ = x, I have ∂v(t,x) ∂x Hence, dv(ts , x) drV (ts , x) drV (t, x) drV (t0 , x) > 0, > 0, > 0, > 0. dx dx dx dx In addition, because Z ∞ ∂rV (ts , x) ∂v(ts , x) drV (ts , x) dv(ts , x) e−r(z−ts ) [µ(z) − µ(ts )]πdz > 0, − = − =r dx dx ∂x ∂x ts x∗ is unique and rV (ts ) > v(ts ) when x > x∗ and vice versa. Using these observations along with the property described in (24), I can draw v(ts , x), rV (ts , x), and rV (max{t0 , t}, x) as shown in Figure 4. Parts (a) and (b) of Proposition 7 can then be easily derived from this figure. e e (te ,x) > 0. Since sign ∂t Part (c) of the proposition is derived from the fact that dv(tdx,x) > 0, drVdx ∂x = e (t ,x) −sign ∂V ∂x when privatization is premature in equilibrium, d(ts − te ) > 0; dx that is, the equilibrium timing moves further ahead of the efficient timing as the managerial effort becomes less important to the firm. As the decline in performance is given by |∆Πe | = |µ(te ) − l|π, d|∆Πe | > 0; dx in other words, the decline in performance becomes larger when the managerial effort becomes less important. e e ∂v(te ,x) ,x) > 0, that sign ∂t Likewise, part (d) of Proposition 7 is derived from the facts that ∂v(t ∂x ∂x = sign ∂x when privatization is delayed in equilibrium, and that |∆Πe | = |µ(te ) − l|π. 2π s ,π) Proposition 8: Let θ = π. I have ∂v(t = l(1 − l) 2π ∂π c − µ(ts )(1 − µ(ts )) c + µ(ts )x = µ(ts )x. Hence, dv(ts , π) > 0. dπ
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In addition, using the fact that l = µ(ts ) and the fact that rV (ts , π ∗ ) = v(ts , π ∗ ), I have ∂rV (ts , π ∗ ) ∂π



Z ∞ Z ∞ 2π ∗ 2π ∗ −r e−r(z−ts ) µ(z)(1 − µ(z)) dz + r e−r(z−ts ) µ(z)xdz c c t t Z ∞s ∗ π π∗ e−r(z−ts ) µ(z)(1 − µ(z)) dz + µ(ts )x l(1 − l) −r c c ts ∗ ∗ v(ts , π ) − rV (ts , π ) π∗ Z ∞ π∗ π∗ l(1 − l) −r e−r(z−ts ) µ(z)(1 − µ(z)) dz + µ(ts )x c c ts Z ∞ π∗ r e−r(z−ts ) [µ(ts )(1 − µ(ts )) − µ(z)(1 − µ(z))] dz + µ(ts )x. c ts



= l(1 − l) = + = =



Given that there exists π ∗ such that rV (ts , π ∗ ) = v(ts , π ∗ ), Z



∞ −r(z−ts )



e ts



π∗ [µ(ts )(1 − µ(ts )) − µ(z)(1 − µ(z))] dz = c



Z



∞



e−r(z−ts ) (µ(ts ) − µ(z))xdz.



ts



Since the right-hand side is negative (µ is increasing in t), so is the left-hand side. That is, Z



∞



e−r(z−ts ) [µ(ts )(1 − µ(ts )) − µ(z)(1 − µ(z))]dz < 0



(25)



ts



Hence,



∂rV (ts , π ∗ ) < µ(ts )x; ∂π



or



drV (ts , π ∗ ) dv(ts , π ∗ ) − < 0. dπ dπ



Accordingly, π ∗ is unique and rV (ts , π) < v(ts , π) if and only if π > π ∗ . Using these two features of π (that is, dv(tdπs ,π) > 0 and rV (ts , π) < v(ts , π) if and only if π > π ∗ ), together with the property (24), I draw Figure 5 from which Proposition 8 can be derived. s ,c) Proposition 9: At last, let θ = c. Since ∂v(t = −l(1 − l) cπ2 + µ(ts )(1 − µ(ts )) cπ2 = 0, I have: ∂c dv(ts , c) = 0. dc Furthermore, ∂rV (ts , c) π = −l(1 − l) 2 + r ∂c c ∗



Z



∞



e−r(z−ts ) µ(z)(1 − µ(z))



ts



∗



π dz. c2



Given that there exists c such that rV (ts , c ) = v(ts , c∗ ), condition (25) holds. Accordingly, ∂rV (ts , c) > 0. ∂c
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This, together with the fact that



∂v(ts ,c) ∂c



= 0, implies that drV (ts , c) dv(ts , c) − > 0. dc dc



Therefore, as in the cases of x∗ and π ∗ , c∗ is unique and rV (ts , c) > v(ts , c) if and only if c > c∗ . Meanwhile, Z ∞ π π ∂rV (t, c) e−r(z−t) µ(z)(1 − µ(z)) 2 dz = −l(1 − l) 2 + r ∂c c c t Z ∞ π π = −µ(ts )(1 − µ(ts )) 2 + r e−r(z−t) µ(z)(1 − µ(z)) 2 dz. c c t I can show that ∂rV∂c(t,c) > 0 when ts < t. To see this, note that µ(t)(1 − µ(t)) is quasi-concave in t, and is maximized when µ(t) = 21 . Therefore, R ∞ −r(z−t) r t e µ(z)(1 − µ(z))dz < µ(t)(1 − µ(t)), ∀µ(t) ≥ 12 . Given that rV (t, c) = v(t, c), Z



∞ −r(z−t)



e



r t



π [µ(t)(1 − µ(t)) − µ(z)(1 − µ(z))] dz = c



Z



∞



e−r(z−t) (µ(t) − µ(z))xπdz.



t



Since the right-hand side is negative, so is the left-hand side, implying that Z



∞



e−r(z−t) µ(z)(1 − µ(z))dz > µ(t)(1 − µ(t)).



t



This in turn implies that µ(t) < µ(t) = 12 , I conclude that Z



1 2.



Since µ(t)(1 − µ(t)) is quasi-concave in t, and is maximized when



∞



e−r(z−t) µ(z)(1 − µ(z))dz > µ(t)(1 − µ(t)) > µ(ts )(1 − µ(ts )),



t



or



∂rV (t,c) ∂c



> 0 when ts < t. When rV (ts , c) < v(ts , c), t0 < ts < t. Hence, rV (max{t0 , t}, c) = rV (t, c) and drV (t, c) > 0, dc



when c < c∗ .



Proposition 9 is then obtained from Figure 6, which in turn is based on these three features ( dv(tdcs ,c) = 0, 0 ,t},c) > 0, and drV (max{t > 0 when c < c∗ ), together with the property (24). Q.E.D. dc



drV (ts ,c) dc



Proof of Proposition 10: Part (a) is derived from Propositions 2 and 3. To prove part (b), note that, according to Proposition 5, when privatization takes place with efficient timing, rB ≥ v(ts ). Hence, when privatization takes place with efficient timing, rB ≥ w(ts ), which in turn can be divided into three cases: rB = w(ts ), rB ∈ (w(ts ), limt→∞ rW (t)), and rB > limt→∞ rW (t). When rB = w(ts ), it is obvious that q(ts ) = B (part (b.2)). When rB > w(ts ) (and privatization takes place efficiently), it can be shown that
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Lemma A. 2 Suppose that rB > max{v(ts ), rV (ts )}. Then for any t > ts such that B ≥ V (t), there exists t0 > t such that B ≥ V (t0 ), where a Markov subgame perfect price exists for t0 . Proof: Consider first the case where B ≥ limt→∞ V (t), and suppose that there exists t > ts such that there does not exist any Markov subgame perfect price after t. Then, there exists τ > t where w(z) − v(z) for all z ≥ τ . Since B ≥ limt→∞ V (t) and hence B > V (z) for all z, G and M must be able to agree to a price to privatize the firm at τ , knowing that (by assumption) they will not be able to privatize afterwards. Contradiction. Consider next the case where B < limt→∞ V (t) instead. In this case, t1 exists. At t1 , there exists a Markov subgame perfect price at t1 , q(t1 ) = B. Suppose that there exists t ∈ (ts , t1 ) such that there does not exist any Markov subgame perfect price, ∀t0 ∈ (t, t1 ). Take τ ∈ (t, t1 ) and let the price of the firm at τ be Z t1



q(τ ) = min{



e−r(z−τ ) w(z)dz + e−r(t1 −τ ) q(t1 ), B}.



τ



Since rB > v(ts ) and since rB > v(t1 ), I have rB ≥ v(τ ), ∀τ ∈ (t, t1 ) ⊂ (ts , t1 ). This, together with the fact that τ > ts , implies that the same logic as in the proof of Lemma A.1 applies here and I can conclude that q(τ ) is Markov subgame perfect. Contradiction as well.  Furthermore, define T = {t|t > ts , B ≥ V (t)}. I can show that Lemma A. 3 Suppose that rB > max{v(ts ), rV (ts )}. Then a Markov subgame perfect price exists for all t ∈ T. Proof: Suppose not. Following Lemma A.2, there exists t ∈ T where a Markov subgame perfect price exists. Without loss of generality, assume that there exists  > 0 such that a Markov subgame perfect price does not exist for any t0 ∈ (t − , t) ⊂ (ts , t]. Take τ ∈ (t, t1 ) and let the price of the firm at τ be, Z t q(τ ) = min{ e−r(z−τ ) w(z)dz + e−r(t−τ ) q(t), B}. τ



Again, since τ > ts and rB ≥ v(τ ), ∀τ ∈ (t − , t) ⊂ (ts , t], the same logic as in the proof of Lemma A.1 applies here and I can conclude that q(τ ) is Markov subgame perfect. Contradiction.  Given that Markov subgame perfect prices exist for all t ∈ T , I can show that the price of the firm exhausts M’s willingness to pay, i.e., q(ts ) = W (ts ) when rB ≥ limt→∞ W (t), and that the firm is underpriced when rB ∈ (w(ts ), limt→∞ W (t)). When rB ≥ limt→∞ rW (t), Markov subgame perfect prices exist for all t > ts . At ts , the equilibrium price of the firm must satisfy condition (9), that is: W (ts ) − q(ts ) ≥ e−r(t−ts ) (W (t) − q(t)), ∀t > ts . Given that G has all the bargaining power, should W (ts ) > q(ts ), then the condition above must hold in equality, implying that e−r(t−ts ) (W (t) − q(t)) > 0, ∀t > ts .
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This in turn implies that limt→∞ W (t) − q(t) = ∞, which contradicts the fact that W (t) − V (t) is bounded above for all t. Hence, I conclude that W (ts ) = q(ts ) when rB ≥ limt→∞ rW (t) (part b.2). When rB ∈ (w(ts ), limt→∞ rW (t)), Markov subgame perfect prices exist for all t ∈ T . In this case, it is easy to show that there must exist τ > ts where a Markov subgame perfect price exists, such that W (τ ) > B. In other words, M commands a positive buyer’s surplus at τ . Hence, by condition (9), M must command a positive buyer’s surplus at the equilibrium timing, ts , as well; i.e., q(ts ) < W (ts ). Moreover, should q(ts ) = B, then according to condition (9), there must exist t ∈ T such that W (ts ) − B ≥ e−r(τ −ts ) (W (τ ) − q(τ )), ∀τ ∈ (ts , t]. This in turn implies that W (ts ) − B ≥ e−r(τ −ts ) (W (τ ) − B), ∀τ ∈ (ts , t]; suggesting that de−r(τ −ts ) (W (τ ) − B) |τ =ts < 0. dτ The condition holds only if rB < w(ts ), contracting the assumption that rB ∈ (w(ts ), limt→∞ rW (t)). Hence, q(ts ) < B. I therefore conclude that when rB ∈ (w(ts ), limt→∞ rW (t)), the firm is underpriced should it be privatized with efficient timing. This proves part (b) of the proposition. Finally, I prove that the equilibrium price is unique. Per the discussion above, it is clear that the equilibrium price is indeed unique when privatization takes place inefficiently, when rB = w(ts ) > rV (ts ), and when rB ≥ limt→∞ rW (t)). It remains to show that the equilibrium price is also unique when privatization takes place with efficient timing, but rB ∈ (w(ts ), limt→∞ rW (t)). To show this, I further divide the case into two subcases: rB ∈ (w(ts ), limt→∞ rV (t)) and rB ∈ [limt→∞ rV (t), limt→∞ rW (t)). When rB ∈ (w(ts ), limt→∞ rV (t)), t1 exists. Given the fact that privatization takes place efficiently, t1 < ts . At t1 , there exists a unique Markov subgame perfect price, q(t1 ) = B. Since at every instant prior to t1 , a Markov subgame perfect price is uniquely determined by backward induction, using conditions (7) through (10), so is the equilibrium price at ts . When rB ∈ [limt→∞ rV (t), limt→∞ rW (t)), Markov equilibrium prices exist for all t ≥ ts . Since limt→∞ rW (t) = limt→∞ w(t), there exists tw > ts such that rB = w(tw ). I can show that when rB ∈ [limt→∞ rV (t), limt→∞ rW (t)), the Markov subgame perfect price is uniquely determined at tw , with q(tw ) = B. To show this, suppose the opposite is true: q(tw ) < B. Given that G has all the bargaining power, this implies that condition (9) must be binding: W (tw ) − q(tw ) = e−r(t−tw ) (W (t) − q(t)), ∀t > tw . Differentiating the equation with respect to t, I have dq = rq(t) − w(t), ∀t > tw . dt Since w(t) > rB ≥ rq(t), ∀t > tw , q(t) must be decreasing at an increasing rate for all t > tw . However, since q(t) ≥ V (t) and V (t) eventually increases, this implies that there must exist a point beyond which
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privatization is no longer feasible, contradicting the fact that Markov equilibrium prices exist for all t ≥ ts . Given that the Markov subgame perfect price is uniquely determined at tw , the equilibrium price at ts is also uniquely determined by backward induction, using conditions (7) through (10). Q.E.D. Proof of Proposition 11 The possibility is confirmed using a numerical example. In particular, I confirm that it is indeed possible for rV (ts , η) to be increasing in η when ts > t (i.e., rV (ts , η) > v(ts , η)), and/or rV (max{t0 , t}, η) to be increasing in η. Let µ(t, η) = 1 − e−ηt , s.t. η ∈ (0, 1). 2



∂ µ −ηt −ηt Notice that ∂µ and ∂µ are positive and bounded from above, whereas ∂t∂η = e−ηt (1 − ∂t = ηe ∂η = te 2 η ) > 0 given that η ∈ (0, 1). In other words, µ increases over time at a faster rate as η increases. While it is cumbersome to prove that both rV (ts , η) and rV (max{t0 , t}, η) can be increasing in η, the possibility is demonstrated through a numerical example, illustrated in the following figure. In this example, I set π = 0.8, x = 0.1, c = 0.1, l = 0.3, and r = 0.2. I then have this example calibrated for η ∈ [0.1, 1.5]9 Figure 7 below shows that rV (max{t0 , t}, η) is increasing in η, so is rV (ts , η) when rV (ts , η) > v(ts , η).



rV(ts, η) rV(max{t0, t}, η)



v(ts, η)



η Delay



No privatization



Premature



Efficient privatization



Figure 7: Faster institutional development can increase the annualized costs of privatization Q.E.D.



9I



am indebted to my former colleague, Wen Zhou, for helping me with the calibration.
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