









	
 Home

	 Add Document
	 Sign In
	 Create An Account














[image: PDFKUL.COM]






































	
 Viewer

	
 Transcript













Who gains from capital market integration : Tax competition between unionized and non-unionized countries∗ Hikaru Ogawa†



Yasuhiro Sato‡



Toshiki Tamai§



22 January, 2015
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Introduction



Given the increases in capital flows across regions and between countries, many scholars have analyzed the eﬀects of capital market integration over the past few decades. One of the most important strands in this field is the tax competition theory, which has a long history dating back at least to Zodrow and Mieszkowski (1986) and Wilson (1986).1 Researchers in this strand investigated the role of governments in attracting capital to their jurisdiction. Considering that regions and countries diﬀer in many aspects, many studies of tax competition analyzed the case of asymmetric regions and countries. In particular, they focused on regional characteristics and disparities in population, technology, preferences, and initial endowment.2 This paper aims to introduce a new aspect of regional disparity in terms of the domestic labor market: one country has a competitive labor market and therefore unemployment is of limited importance, whereas the other country fights unemployment because the trade union has a voice in wage bargaining. This paper examines how capital market integration changes the resulting equilibrium and domestic policy choices in these countries with contrasting labor markets given that other factors, such as technology, preferences, and initial endowments, are equal. A large number of tax competition studies have addressed the issue of an imperfect labor market, that is, unemployment in the local market.3 Most studies fit within the framework of symmetric tax competition wherein all countries encounter the problem of unemployment. In contrast to these existing studies, this paper focuses on regional asymmetry in the labor market. In particular, our main research focus is on the eﬀect in two diﬀerent countries of lifting curbs on mobile capital.4 Our 1



Other strands of studies on capital market integration include the literature on foreign direct investment (FDI), in



which many papers have analyzed the interactions between trade unions and FDI. See Skaksen and Sorensen (2001) and Zhao (2001), among others. 2 The representative studies focusing on the regional asymmetries are as follows. Bucovetsky (1991), Wilson (1991), Kanbur and Keen (1993), Ottaviano and van Ypersele (2005), and Sato and Thisse (2007) examined the eﬀects of the diﬀerences in population size and DePater and Myers (1994) and Peralta and van Ypersele (2005) investigated the eﬀects of asymmetric capital endowments. Trandel (1994) presented the tax competition model with unequal distribution of consumers and Nielsen (2001) set up a model in which two countries diﬀer in geographicael extent. Furthermore, Itaya, Okamura and Yamaguchi (2008), Hindriks, Peralta, and Weber (2008), and Ogawa (2013) studied the gap between regions in terms of their ability to attract the capital, and Haufler (1996) and Cardarelli et al. (2002) focused on preference asymmetries. 3 See, for instance, Lejour and Verbon (1996), Fuest and Huber (1999), Richter and Schneider (2001), Boadway, Cuﬀ and Marceau (2002), Koskela and Schöb (2002), Lozachmeur (2003), Leite-Monteiro, Marchand and Pestieau (2003), Ogawa, Sato and Tamai (2006), and Sato (2009). 4 The eﬀects of capital market integration on domestic policies were examined in the unemployment model of symmetric tax competition. Gabszewicz and van Ypersele (1996) showed that market integration initially lowers the minimum wage in each country. Leite-Monteiro, Marchand and Pestieau (2003) showed that market integration reduces the employment subsidy in a fixed-wage model of tax competition. Lejour and Verbon (1996) found that unemployment benefits decrease as the mobility of capital increases in a wage-bargaining model, and a similar result is obtained in the minimum-wage model of Lozachmeur (2003).
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paper examines this issue by focusing on two cases: (i) a benchmark case wherein the government in each country is inactive in capital attraction and (ii) a case wherein the government is active and uses capital taxes/subsidies as a policy tool. The significant finding in our study is that the welfare eﬀects of market integration vary with government interference. Regional asymmetry in the labor market is modeled by the power gaps in trade unions. Although the data suggests that, in most OECD countries, the union membership rate as defined by the fraction of workers registered with some trade union has declined, the influence of trade unions should not be under-evaluated. The membership rate is not a sole measure of influence and does not immediately link to the power of trade unions, and other indicators denote a diﬀerent tendency (Boeri and van Ours 2008). For instance, factors such as the coverage of trade unions and percentage of the employees with bargaining rights, whose contracts are regulated by collective agreements signed by the unions, reveal that trade unions are more powerful than usually considered. For instance, in Austria, the Netherlands, and Spain, the share of workers in firms joining an employer association has declined to 28.4%, 18.6%, and 15.6%, respectively, in 2010, however, the share of workers covered the collective agreements signed by a union is 99.0%, 84.3%, and 73.2%, respectively, in 2010.5 This tendency can be observed in many other countries, wherein the coverage rate is much higher than the union membership rate. In terms of trade union coverage, their role continues to influence employment agreements. Furthermore, we should mention that although the union membership rate has declined in most countries, the degree of decline is not the same in all countries; in fact, cross-country variations in membership rates have widened over time. For instance, countries such as the US (11.3% in 2011), Korea (9.7% in 2010), and Turkey (5.4% in 2010) have a low membership rate, while other countries have a high membership rate, such as Denmark (68.5% in 2010), Finland (69.0% in 2011), and Sweden (67.7% in 2011). This study exploits the large diﬀerence in the trade union membership rate among countries, and captures such diﬀerences by developing a two-country model in which the labor market is unionized in one country but perfectly competitive in the other country. Our study is motivated by three papers: Aloi, Leite-Monteiro, and Lloyd-Braga (2009, hereafter referred to as ALL), Haufler and Mittermaier (2011, hereafter HM), and Exbrayat, Gaigné, and Riou (2012, hereafter EGR). ALL showed that workers in the unionized country receive higher wages relative to competitive wages under autarky. Moreover, they lose from capital market integration that accompanies capital flight from the unionized country. The benchmark case in our paper is analogous to the one in their model, and our results in Section 3 are in accordance with theirs, that is, the unionized country loses and non-unionized country gains from capital market integration. Our new result, which we find in the second model with government intervention, is that allowing countries to use taxes and subsidies induces changes to the welfare eﬀect, enabling both countries to gain from 5



The figures are based on Institutional Characteristics of Trade Unions, Wage Setting, State Intervention and Social



Pacts, 1960-2-11 (ICTWSS).
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market integration. Two other closely related studies that analyzed tax competition between unionized and nonunionized countries are by HM and EGR. The former gives a description of competition for the location of an outside firm in an oligopoly model, and the latter generalizes the model to allow all firms in the oligopoly to be mobile.6 Specifically, HM demonstrated that the unionized country’s government attracts the outside firm through subsidies. Such a tax game equilibrium can lead to higher welfare in both countries and, hence, higher total welfare than the no-tax game equilibrium. Our analysis shows that similar asymmetric tax competition leads the unionized country’s government to subsidize capital even when the product market is perfectly competitive. However, we present an alternative location pattern of capital in the equilibrium. The government’s subsidy on mobile capital cannot cover the disadvantage of high labor costs when wages are set at a too high level under the influence of a strong trade union. Hence, the unionized country succeeds in attracting mobile capital and becomes a net capital importer if and only if the trade union does not possess a strong leverage over wage bargaining. In contrast, if the trade union has a heavy influence over wage setting, the unionized country proves to be a net capital exporter. Moreover, we obtain diﬀerent welfare implications: our final result in Section 4 shows that, given an integrated capital market, a tax game may lead to lower welfare in the non-unionized country than the no-tax equilibrium. EGR extended the HM model to show that a unionized country attracts capital in the benchmark case but the opposite may hold true in the extended cases where two countries exhibit diﬀerent wage preferences. This result is somewhat congruent with our finding, but some of our findings diﬀer on the grounds of a diﬀerent modeling approach from that used to derive EGR’s results. For instance, they conclude that a decline in trade costs, which in one sense corresponds to the progress of market integration, allows governments to lower their tax diﬀerential, and it follows that the diﬀerence in national welfare between the countries is reduced. In our analysis, however, we discover that market integration has a diﬀerent eﬀect on the tax gap; when market integration is advanced, the tax gap between unionized and non-unionized countries is widened. Furthermore, the particular feature diﬀerentiating our study from EGR’s is that their focus is on how a tax game equilibrium will change as countries become asymmetric in labor market rigidities or wage preferences, but we focus on the eﬀect of capital market integration both in the presence and absence of government intervention, an aspect which has not yet been analyzed. Our study considers the eﬀects of capital market integration as a primary concern by comparing two cases, one in which capital is mobile, and one in which capital is fixed. While HM and EGR leave the analysis of capital market integration oﬀ from their target, our primary concern is there, and our 6



Egger and Seidel (2011) also examined how unionization aﬀects tax competition from a diﬀerent point of view. In



their fair wage model, labor market distortion is exogenously given by the fair wage preferences of workers and cannot be aﬀected by tax policies. It is shown that the country with stronger fair wage preferences has a disadvantage in attracting mobile firms.
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analysis clarifies its impacts. Our first result shows that when the government is inactive in attracting capital, capital market integration harms the unionized country but benefits the non-unionized country. The intuition behind this result is simple. In the unionized country, labor is overpaid compared with its marginal product and capital rent is far below its intrinsic level. In the non-unionized country, labor and capital are paid according to their marginal product. Once the capital market is integrated, capital flows from the unionized to the non-unionized country to seek higher rents. This capital flow simply benefits the non-unionized country. However, the capital outflow harms the unionized country because it reduces labor productivity, and thereby, labor demand, worsening the unemployment problem. Moreover, such capital flows are shown to reduce the total global output. However, tax competition changes the entire situation. Our second result shows that when a government is active in attracting capital, the welfare eﬀects of market integration are amended; both countries benefit from market integration. In the absence of capital market integration, the amount of capital available for production in each country is fixed at the endowment level. Thus, governments have no leverage to control capital allocation in the market, and the equilibrium achieved with government intervention accords with the equilibrium without such intervention. Once the capital market is integrated, the unionized country plagued by an unemployment problem has an incentive to attract capital because capital inflows increase labor productivity, and thereby, labor demand, reducing unemployment. In contrast, the non-unionized country with an eﬃcient labor market still has no incentive to utilize tax/subsidy policies to control the amount of capital in the domestic market. As such, the non-unionized country is inactive whereas the unionized country actively subsidizes capital, resulting in possible capital flows from the non-unionized to the unionized country. While the direction of the capital flow is ambiguous and depends upon the degree of labor market imperfection in the unionized country, the tax/subsidy instruments employed by active governments can improve welfare in both countries. In the next section, we establish the baseline model. Section 3 examines the welfare eﬀects of capital market integration in the absence of governments. Section 4 considers active governments to derive the main result of this paper. Section 5 discusses the robustness of our main results against several possible extensions. Section 6 concludes the paper.



2



The baseline model



Consider a “unionized” country (hereafter country U ) and a “non-unionized” country (hereafter country N ).7 Each country i(= U, N ) has a single government and immobile residents/workers with 7



Although we explain our framework in terms of countries, it can also apply across regions within a country such as



states and prefectures where unionization rates and policies may also diﬀer. We thank a referee for bringing this point
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preference u(ci ) = ci defined over the consumption of a private good, ci . Without any loss of generality, we assume that each country has a continuum of residents of size one. The two countries are identical, except for their labor markets. In country U, the labor market is imperfect due to the presence of a trade union, whereas country N has a perfectly competitive labor market. In our model, it is assumed that unionization produces higher wages at the expense of fewer jobs. Even if we assume that both countries are unionized, our results hold true as long as the union in one country places greater importance on employment than the union in the other country.8 The economy has a stock of capital that is perfectly mobile among countries. Each country is ¯ fixing the total supply of capital in this economy endowed with a fixed amount of capital stock, K, ¯ 9 Mobile capital will be allocated between countries U and N to satisfy 2K ¯ = KU + KN , at 2K. where Ki denotes the amount of capital located in country i. We assume that the entire population equally owns the capital stock within the economy, implying that all capital income is distributed to the capital owners (residents), and no absentee capital owner exists in the economy. We regard the private good as the numéraire. It is produced using labor and capital. The production technology is formulated as Yi = F (Ki , Li ), where F (.) is homogenous of degree one with respect to two inputs. Yi is the output level, Li is the labor input, and Ki is the capital input in country i. Denoting the capital per labor input as ki ≡ Ki /Li , we have Yi /Li = f (ki ), where f (ki ) ≡ F (ki , 1).



Further, we assume that f 0 (·) > 0 and f 00 (·) < 0 (i.e., f (·) is strictly concave). The firm’s profit in



country i is given by πi = [f (ki ) − (ri + τi )ki − wi ]Li , where ri and wi are the capital price and wage rate, respectively, and τi is the unit tax rate on capital. Profit maximization gives ri = f 0 (ki ) − τi ,



(1)



wi = f (ki ) − ki f 0 (ki ).



(2)



to our notice. 8 Because proofs become lengthy and complicated in such a case, we employ a simple setting where one country is unionized and the other is not. A more general case, namely, the case in which two countries are unionized but the union is more powerful in one country than in the other country can be studied in the same manner. The details are provided in Online-Appendix I. 9 While capital owners supply their capital inelastically, capital taxation may aﬀect their incentives to supply capital. The simplest way to incorporate the elastic supply of capital into the model is to use a reduced form approach; suppose ¯ either to the capital market or to an outside opportunity. that capital owners can supply their (capital) endowments, K, The outside opportunity leads to output in terms of the numéraire, the level of which is given by an exogenous function, φ(κi ), where κi represents the units of endowments supplied to the outside opportunity and φ(·) satisfies φ0 (·) > 0 and φ00 (·) ≤ 0. Using this approach, we can easily show that all results derived in this paper still hold if φ(·) is suﬃciently close to a linear function, implying that the results remain valid as long as the marginal return from the outside opportunity does not drastically change with respect to the capital supply. See Online-Appendix II for details.
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Note that in the absence of capital market integration, the owner (resident) of endowed capital in country i invests all capital in this country. In this case, the net return on capital investment, ri , diﬀers between the two countries as the amount of labor input diﬀers. However, under perfect capital mobility accompanied by capital market integration, capital owners are now able to invest their endowments in both countries, equalizing the net return on capital investment. Each worker is endowed with one unit of labor, which she/he supplies inelastically when employed. We assume that residents of the same country are identical with respect to preference and initial endowments. However, as residents in country U may be unemployed because of labor market imperfection, they diﬀer in terms of employment status. Residents are classified into two types of workers indexed by superscript j: A resident is not employed by a firm if j = u and is employed if j = e. Unemployment is seen as merely an unfortunate accident befalling individual workers. Those fortunate enough to be employed by firms receive wages whereas the unemployed begin their own business/home production and earn income w ¯ ≡ 1, which can also be interpreted as the value of leisure. Although labor income diﬀers between firm-employed and self-employed workers, everyone earns a return on capital. In contrast, in country N , all residents are employed by firms because the labor market is perfectly competitive. Residents’ budget constraints indexed by superscript j in country U are given as ⎧ ⎨ rU K ¯ + wU + hU if j = e j . cU = ⎩ r K ¯ + 1 + hU if j = u U



(3)



In (3), hU denotes the lump-sum transfer/tax made by country U ’s government . Because all residents in country N are employed by firms, the budget constraint of a resident in this country is simply given by ¯ + wN + hN . cN = rN K There is one representative trade union in country U that is concerned with job opportunities and the wage rent given by the union wage minus the reservation wage, wU − 1 (McDonald and Solow



1981). Thus, the trade union’s objective is assumed to be given by UU = LβU1 (wU − 1)β2 , where β1 > 0



and β2 > 0 represent concern for the level of employment and wage rent, respectively. Some empirical studies, e.g., MaCurdy and Pencavel (1986), suggest that the union places more weight on employment rather than the wage rent, i.e., β1 > β2 . However, we do not exclude the case of β1 ≤ β2 .10 The timing of the model is as follows. First, governments set the level of capital taxes. Second, capital owners decide where to invest. In the absence of capital market integration, they invest their capital in the country in which they reside. Once the capital market is integrated, they choose the 10



Note that our assumption of monopoly unions is a special case of the right-to-manage model, and the union’ objective



is equivalent to the workers’ total consumption if β1 = β2 = 1. We also extend our model to the case of multiple unions and firms and confirm that the main results do not change. The details are available upon request.
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country that yields higher returns, leading to the equalization of the net return on capital investment in equilibrium. Third, the trade union in country U makes a wage oﬀer. Finally, firms determine labor and capital input levels, the capital price is determined to clear the capital market, and the wage rate is determined to clear the labor market in country N . In any case, we consider a dynamic game with complete information so that we can solve the model by backward induction. Given this timing, the trade union in country U makes a wage oﬀer in the third stage, considering the firm’s optimization behavior given by (1) and (2). Note that the distribution of capital is already determined when the union makes an oﬀer. From (2), the union recognizes that the eﬀect of the wage on the employment level, LU , as11 dLU LU < 0. = 2 00 dwU kU f (kU )



(4)



The union, considering the eﬀects of a change in wU on LU as given by (4), decides the wage level, wU . The first-order condition is (wU − 1)



dLU + βLU = 0, dwU



(5)



where β ≡ β2 /β1 > 0. In country U , from (4) and (5), we have wU = 1 − βkU2 f 00 (kU ). Combining this equation with (2), we obtain f (kU ) − kU f 0 (kU ) = 1 − βkU2 f 00 (kU ).



(6)



Under certain conditions, (6) uniquely determines the capital per labor in country U as kU = kU∗ , which implies that a change in KU is fully adjusted by a change in LU , and thereby a change in the unemployment rate, 1 − LU . This is caused by the trade union’s behavior, which aims to keep the wage rate at a constant and high level compared with the competitive wage rate. One set of suﬃcient conditions for a unique kU∗ is given by the following three conditions: (i) when f (0) = 0, f 0 (kU ) and f 00 (kU ) are finite, (ii) limkU →∞ f (kU ) − kU f 0 (kU ) > 1 − β limkU →∞ kU2 f 00 (kU ), and (iii) (1 − 2β)kU f 00 (kU ) < βkU2 f 000 (kU ). Condition (i) implies that the left hand side of (6) is smaller than



its right hand side at kU = 0. Condition (ii) requires that the opposite holds true as kU → ∞, which ensures that there exists at least one kU that satisfies (6). The uniqueness is derived from condition (iii) because it implies that the left-hand side is steeper than the right-hand side. To focus on the unique equilibrium, hereafter we assume that conditions (i)-(iii) are satisfied. In the following analysis, ¯ which ensures the existence of unemployment in country U (see Subsection we also assume kU∗ > K, 3.1). Using (2) and (6), the wage rate in country U is determined as wU∗ = 1 − βkU∗2 f 00 (kU∗ ) > 1.



(7)



Note that kU∗ and wU∗ remain unchanged regardless of whether curbs on capital mobility exist.12 11



In addition, note that capital substitutes for labor when the wage rate increases in country i: dki /dwi =



−1/ki f 00 (ki ) > 0. 12 Here, we describe how the equilibrium values of KU , KN , and LU are determined. Assume that the capital market
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¯ when the capital market In the second stage, the amount of capital in country i is given by Ki = K is not integrated. When the capital market is integrated, the allocation of capital, Ki , across countries is determined by rU = rN , which represents the condition for the equalization of net returns on capital investments. In the first stage, the government in each country imposes a tax on capital regarding the tax rate in the other country as given and anticipating the market responses in the subsequent stages. The tax revenue is distributed to the resident in each country as a lump-sum transfer. Hence, the budget constraint of country i’s government is hi = τi Ki . For the main analysis developed in Section 4, we here present the optimization problem of an active government, which strategically chooses its tax/subsidy rate on mobile capital to control capital allocation. We assume a utilitarian government that maximizes the sum of utilities residing in the country. Then, the government’s objective function in country U can be formulated as WU = LU · u(ceU ) + (1 − LU ) · u(cuU ). From u(ci ) = ci , and by substituting (3) and hi = τi Ki into the objective function, we obtain the optimization problem of country U ’s government as follows:



max τU



WU = LU · u(ceU ) + (1 − LU ) · u(cuU )



(8)



¯ + (wU∗ − 1)LU + τU KU + 1. = rU K We note here that this objective function is equivalent to the social surplus in country U in our framework. Because LN = 1 holds in country N , the government’s maximization problem is defined as



max τN



¯ + wN + τN KN . WN = u(cN ) = rN K



(9)



Here, we employ a very simple objective function of governments, which helps us to clearly show our results. However, one may wonder whether our results hold true under possible extensions. Among such extensions, the following two points are especially relevant to our current setting. First, in the presence of unemployment, governments may aim to decrease the income inequality between employed and unemployed workers. Such an equity motive may induce a government facing unemployment to is integrated, making capital freely mobile between the two countries: f 0 (kU ) − τU = f 0 (kN ) − τN . In country U, the



∗ ∗ . Therefore, following (6), kU = kU . Then, given the tax rate in both union determines the wage level as wU = wU



countries, τU and τN , the equilibrium ratio of capital to labor in country N is determined by the equilibrium condition ∗ . In country N, the equilibrium number of workers employed for capital markets f 0 (kU ) − τU = f 0 (kN ) − τN as kN = kN



∗ and L∗N = 1, the capital by firms equals unity, L∗N = 1, as the labor market is perfectly competitive. By kN = kN ∗ ∗ ∗ ¯ − KN = kN . Finally, the capital input in country U is determined as KU∗ = 2K . In input in country N is given by KN



¯ and the the absence of capital market integration, making capital immobile, each country’s capital stock is equal to K, process described above can be applied.
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change the usage of lump-sum tax revenue from capital subsidies to redistribution. Of course, our baseline model features constant marginal utility and hence equity concerns do not arise. To deal with equity issues, in Section 5, we will make an additional assumption that governments care about inequality and examine whether such concern may alter our main findings. Second, governments may provide public goods, which results in canonical capital tax competition, i.e., under-provision of public goods, under capital mobility. Then, governments face a trade-oﬀ between gains from capital mobility, which will be shown in Section 4 and losses from tax competition. In Section 5, we examine how the provision of public goods aﬀects our main finding as a robustness check.
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Equilibrium without active governments



Before introducing the model with active governments, we begin our analysis with the benchmark model. As the benchmark case, we present the equilibrium characteristics when governments are inactive, as in the model presented in ALL. In the first part of this section, we consider autarky wherein the capital market is not integrated, i.e., capital is immobile. In this case, the capital allocation ¯ In the second part of this section, we analyze determined in the second stage is such that Ki = K. the eﬀect of lifting curbs on capital mobility to derive the welfare eﬀects of capital market integration. Governments do not play an active part in attracting capital in all the analyses presented in this section.



3.1



Autarky



The equilibrium values under autarky are indicated by superscript a. Because capital is immobile, the ¯ As the government has no active policy, τi = 0, and amount of capital used in country i is Kia = K. wage bargaining by the trade union determines the capital-to-labor ratio in country U through (6) as kU = kU∗ . The return on capital and the employment level in country U are given by rUa = f 0 (kU∗ ) and ¯ ∗ < 1, respectively. Then, the equilibrium welfare of country U is obtained as LaU = K/k U ¯ + (wU∗ − 1) LaU + 1. WUa = rUa K



(10)



a = K. ¯ Thus, the return Because labor market clearing in country N requires LN = 1, we have kN a = f 0 (k a ), and the wage rate is wa = f (k a ) − k a f 0 (k a ). In this paper, we focus on capital is rN N N N N N



on the case wherein workers in country N have an incentive to be employed, which, in the case of ¯ > 1. The welfare of country N is obtained as ¯ − Kf ¯ 0 (K) autarky, gives the assumption that f (K) a ¯ a WNa = rN . K + wN



(11)



In an autarky with non-active governments, we have the following characteristics in equilibrium: 10



Lemma 1. Under autarky with non-active governments, the unionized country has a lower return on a ) and a higher wage rate (wa > wa ) than the non-unionized country. capital (rUa < rN U N



Proof: See Appendix A-(i). In country U , the presence of a trade union increases the wage rate compared with the marginal productivity of labor. In contrast, in country N , the wage rate is set according to the marginal productivity principle. In country U , the return on capital decreases as a consequence of higher wages. At the same time, the return on capital in country N is given by the marginal productivity of capital, which is greater than the return on capital in country U . Because the capital market is not integrated, the diﬀerence in the return on capital persists.



3.2



Capital Market Integration



We now lift the curbs on capital mobility between the two countries. The equilibrium values in the integrated market are indicated by superscript m. Because capital is mobile between the two countries, the diﬀerence in capital returns is eliminated, and the net return on capital is equalized in equilibrium: m f 0 (kUm ) = rU = rm = rN = f 0 (kN ).



¯ and K m > K, ¯ Then, as shown in Appendix A-(ii), we obtain the capital flow in equilibrium as KUm < K N a > r a = r m , wm > wa , and from which we easily get that rN U N N



Lm U =



¯ − Km ¯ 2K K N < = LaU . kU∗ kU∗



(12)



Lemma 2. Suppose capital is mobile between countries. Then, the unionized country imports capital m < K ¯ and K m > K). ¯ Return on capital is equal and the non-unionized country exports capital ( KU N a > r a = r m ), the wage rate in the non-unionized to that of the unionized country under autarky ( rN U m > wa ), and the employment level in the unionized country is higher than that under autarky ( wN N a country is lower than that under autarky ( Lm U < LU ).



Proof: See Appendix A-(ii). Lemma 2 indicates that as the capital market is integrated, capital flows from country U to N , increasing unemployment in country U . As shown in Lemma 1, the return on labor in the unionized country is set at a higher level than in the non-unionized country. When the capital market is not integrated and capital is pegged in the original country, the net return on capital in country U is lower than that in country N . Once the curbs are lifted, capital flows from country U to N in pursuit a of higher return, which reduces output, LU f (k ∗ ), and labor demand, LU , in country U (Lm U < LU ).



¯ The decline Note that capital market integration does not alter the level of capital income, f 0 (k∗ )K. 11



in labor demand aggravates the unemployment in the unionized country, which is harmful for the country. In contrast, capital inflows and market integration result in output expansion and wage increases in country N , which benefit residents in the non-unionized country. The above argument on the welfare eﬀects of capital mobility can be formally proved as follows. Using the equilibrium values, the welfare of countries U and N can be given by ¯ + (wU∗ − 1) Lm WUm = rm K U + 1,



(13)



m ¯ + wN WNm = rm K .



(14)



Using Lemma 2, we obtain the welfare eﬀects of capital market integration when governments are inactive. These findings are placed as replication and refinement of the results derived in ALL, and are summarized by the following proposition. Proposition 1. When governments are inactive, the unionized country loses and non-unionized country gains from capital market integration, WUm < WUa and WNm > WNa . Proof: See Appendix B. The mechanism behind this result is simple. In the unionized country, labor is overpaid compared with its marginal product and capital rent is far below its intrinsic level. In the non-unionized country, however, labor and capital are paid according to their marginal product. Once the capital market is integrated, capital flows from the unionized to the non-unionized country to seek higher rents. This capital inflow benefits the non-unionized country whereas the capital outflow harms the unionized country because it reduces labor productivity and labor demand, raising the unemployment rate. Moreover, we can prove that country N ’s gains are smaller than country U ’s losses, implying that capital market integration reduces the global surplus as a whole: Proposition 2. When governments are inactive, capital market integration reduces the global surplus, WUm + WNm < WUa + WNa . Proof: See Appendix C. The global surplus is equal to the total global output (global income), which can be rearranged as WU + WN = f (kU∗ )



¯ − KN ¯ − KN 2K 2K + 1 − + f (KN ), kU∗ kU∗



¯ − KN )/k∗ . Therefore, capital inflow into country N alters the where we used LU = KU /kU∗ = (2K U global surplus as f (kU∗ ) − 1 ∂(WU + WN ) =− + f 0 (KN ). ∂KN kU∗ The first term shows the decrease in the output in country U and the second term represents the increase in the output of country N . Although the first term is constant because of union bargaining, 12



the second term declines as KN increases. In equilibrium under capital market integration, the eﬀect of the first term dominates that of the second term because, using (6) and the fact that f 0 (kU∗ ) = m ) (see Lemma 2), we have −(f (k ∗ ) − 1)/k ∗ + f 0 (k ∗ ) < 0, which results in lower total f 0 (kUm ) = f 0 (kN U U U



output than in equilibrium under capital immobility. The intuitive explanation for the reduction in total output can be given as follows. When the capital market is integrated, capital flows from country U to N . This capital outflow directly reduces the output in country U and leads to reduced employment levels, further decreasing the output in country U . In contrast, capital outflows from country U imply capital inflows to country N , increasing the output in country N. However, because country N is in full employment, capital inflows to country N do not increase employment any further, and thus no output increase is induced by increases in employment. This implies that, while capital market integration causes declines in capital investment and employment in country U , which reduces country U ’s output significantly, it increases country N ’s output only moderately because capital market integration only increases capital investment, while keeping employment unchanged in country N .



4



Equilibrium with active governments



It is a natural argument that each country’s government has an incentive to employ a tax/subsidy policy to influence the allocation of mobile capital. Particularly, the country plagued by an unemployment problem may have strong incentive to employ fiscal policy instruments to attract mobile capital. To include active governments in the model, we solve (8) and (9) explicitly. Note here that, under autarky, although governments can implement tax/subsidy polices, such instruments are not employed because they have no eﬀect on capital allocation under autarky, where capital is fixed in each country. Thus, the equilibrium completely agrees with the equilibrium presented in Subsection 3.1. In contrast, when capital is mobile, governments have the incentive to intervene by using tax/subsidy policies.



4.1



Capital Market Integration



The government in country U faces r = f 0 (kU∗ ) − τU . In choosing the optimal tax/subsidy rate on mobile capital, the government considers the policy eﬀects on the capital price and domestic variables, as shown in Appendix D, while regarding the other country’s tax rate as given. The optimization problem defined by (8) gives the first-order condition for the government’s optimal policy choice as ∗ ∂WU ¯ ∂r + LU ∂wU + (wU∗ − 1) ∂LU + KU + τU ∂KU =K ∂τU ∂τU ∂τU ∂τU ∂τU ∗ −1 w τ U U ¯+ = −K ∗ ) + KU + f 00 (k ∗ ) = 0. kU∗ f 00 (kN N



13



(15)



Using (7), we solve this equation with respect to τU as ∗ ¯ − K μ ) + βkU∗ f 00 (kU∗ ), τUμ = f 00 (kN )(K U



(16)



where superscript μ stands for the equilibrium values under capital market integration with active governments. The optimization problem of country N ’s government, defined by (9), gives the first-order condition as ∂WN ¯ ∂r + ∂wN + KN + τN ∂KN =K ∂τN ∂τN ∂τN ∂τN ∂KN = τN . ∂τN As shown in Appendix D, ∂r/∂τN = 0 and ∂wN /∂τN = −KN , indicating that the first three terms disappear and we have only the term τN ∂KN /∂τN . We also know that ∂KN /∂τN < 0, indicating that country N ’s government has no incentive to use a tax/subsidy instrument and chooses13 μ τN = 0.



(17)



In the integrated capital market, countries have an incentive to manipulate the terms of trade. However, in the presence of a trade union in the unionized country, the non-unionized country cannot control the capital price. Because kU∗ is constant due to wage setting by the trade union (see (6)), any changes in the amount of capital in the unionized country, KU , are adjusted by the change in LU , and thus the capital price is unchanged. Hence, a change in the tax rate in country N changes KN , but not the capital price in the integrated capital market. This leads country N to have no incentives to employ capital tax/subsidy instruments to manipulate the terms of trade.14 From (16) and (17), we obtain the results on optimal tax/subsidy policies in the integrated economy. Proposition 3. When governments are active, the unionized country subsidizes capital and nonμ unionized country does not employ a capital tax/subsidy instrument, τUμ < 0 and τN = 0, under capital



market integration. 13



Note that because ∂KN /∂τN = 1/f 00 (kN ) < 0, ∂WN /∂τN R 0 if τN Q 0, showing that WN takes a maximum when



τN = 0. 14 We check the robustness of the result if we assume alternative timing of the model, wherein the firm determines the capital input level before the wage oﬀer is made. Even if wages in the unionized country were set before capital allocation decisions are made, the major results in our paper remain unchanged except for the optimal capital tax in the non-unionized country. The unionized country has greater incentive to provide a capital subsidy than the non-unionized country. The non-unionized country employs a capital tax (subsidy) if it imports (exports) the capital. The active government in non-unionized country can aﬀect the amount of capital and of labor in unionized country by adjusting the capital tax rate of own country. For instance, the government of non-unionized country can decreases the capital inflow by increasing the capital tax rate. If the country is capital exporter, a rise in the tax rate will improve welfare through a decrease in external payment of capital income and an increases in income transfer by capital taxes. Therefore, non-unionized country has an incentive to tax capital. See Online-Appendix III for details.



14



Proof: See Appendix E. As capital and labor are Pareto-complements in production (∂ 2 F/∂Ki ∂Li > 0), as shown in Appendix D, an increase in capital accompanied by a reduction in the tax rate increases employment in country U , ∂LU /∂τU < 0.15 Moreover, such an increase in capital increases capital income suﬃciently to compensate for the reductions in tax revenue. Thus, country U ’s government , which is concerned about unemployment, has an incentive to provide a capital subsidy in the integrated capital market. We now provide three insights regarding Proposition 3. First, it suggests that the unionized country provides subsidies (or sets a lower capital tax rate) than the non-unionized country. Numerous studies point to this tendency. For instance, HM presents practical evidences wherein regions with strong trade unions provide higher subsidies to firms. Specifically, based on approved investment subsidies in EU member states, they argue that subsidies policies are used to compensate investors for the location disadvantages of dealing with high wages and a weak economic environment in regions where trade unions are relatively strong. The latest study by Mittermaier and Rincke (2013) also presents findings that the high-wage country charges a lower tax than the low-wage country. For instance, even their conservative estimates show that a one dollar increase in the compensation cost diﬀerential triggers a cut in the statutory corporate income tax rate by 1.2% points. Second, we mention the diﬀerence between our results based on a constant returns to scale (CRS) production technology and other approaches. Following a standard tax competition approach initiated by Zodrow and Mieszkowski (1986) and Wilson (1986), we have assumed a CRS production technology in both countries, and thus, each country determines its tax/subsidy level to attract capital on the simple basis of net returns to capital investment. Departing from the Zodrow-Mieszkowski-Wilson type tax competition model, the other strands of tax competition literature, e.g., the literature on bidding-for firms and new economic geography, focus on governments’ incentives to tax rents that stem from the exogenous location advantage in the country [Black and Hoyt (1989), Haufler and Wooton (1996), Baldwin and Krugman (2004), Davies (2005)]. For instance, advantages in size, factor endowments, and agglomeration eﬀects bring about extra rents of capital investment in the advantageous country. When these rents accrue to domestic residents, capital is more likely to be subsidized. However, when the rents are received by foreign residents, governments have incentives to tax capital to extract these rents. Thus, the presence of profit income and its outflow to foreign residents would introduce additional incentives to tax/subsidize, and therefore the equilibrium subsidy rates presented in Proposition 3 would be aﬀected. In particular, if some factors cause rents, and if the rents accrue to foreign residents, then the governments change their tax/subsidy rates in a positive direction. 15



Because the production function is homogeneous of degree one, we have K∂ 2 F/∂K 2 + L∂ 2 F/∂K∂L = 0. Strict



concavity of f (·) implies that ∂ 2 F/∂K 2 < 0 and hence, ∂ 2 F/∂K∂L > 0.
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Finally, we mention the tax gap between the unionized and non-unionized countries. EGR show that a decline in trade costs, which corresponds to the progression of market integration, reduces the labor cost diﬀerential between countries and allows governments to lower their business tax gap, thereby reducing the diﬀerence in national welfare between countries. In our model, however, Proposition 3 tells us that capital market integration widens the tax gap: Under autarky, governments have no incentive to choose non-zero tax rates. Once the capital market is integrated, the unionized country provides a subsidy while the non-unionized country still chooses a zero tax rate. We also observe that capital market integration expands or reduces welfare diﬀerentials between the non-unionized and unionized countries according to capital endowments if the production function is quadratic; welfare diﬀerence is widened by capital market integration when capital endowment is scarce, whereas the welfare diﬀerence is reduced by capital market integration when the capital endowment is suﬃcient (see Online-Appendix IV for formal treatments.) Therefore, the diﬀerence in result concerning active government’s policy between our analysis and the existing studies such as HM and EGR is that our result is not based on the presence of economic rents originating from scale economies and agglomeration eﬀects. Although the unionized country chooses a lower tax rate than the non-unionized country, it is not necessarily the case that the non-unionized country chooses a zero tax rate in their model since the government in their model has incentive to tax the rent accruing to the firm. In consequence, Proposition 3 confirms that the result of the lower tax setting in the unionized country applies to the standard tax competition framework without the economic rents that are assumed to derive from scale economies and agglomeration eﬀects. Next, we examine capital flows in equilibrium with active governments. As shown in Lemma 2, when governments are inactive, capital moves from country U to N if the capital market is integrated. In contrast, the eﬀects of market integration on capital flows are somewhat complex in the case of active governments. On the one hand, once the capital market is integrated, capital owners have an incentive to invest in the non-unionized country to seek higher returns. On the other hand, they may find investments in the unionized country attractive because its government provides a capital subsidy, which functions as a barrier against capital outflows. In fact, a capital subsidy may lead to a capital influx into country U even though the return on capital, f 0 (kU ), is reduced. To provide further insight regarding how capital migrates between the two countries, we focus on the preference of the trade union, β. Total diﬀerentiation of (6) gives kU∗ f 00 (kU∗ ) ∂kU∗ = > 0. ∂β (1 − 2β)f 00 (kU∗ ) − βkU∗ f 000 (kU∗ ) Note that the sign of the denominator of this equation is negative from condition (iii) presented in ¯ − KU ) + βk ∗ f 00 (k∗ ), which Section 2. Using (1), (16) and (17), we obtain f 0 (kU∗ ) − f 0 (kN ) = f 00 (kN )(K U U can be rearranged using (6) as ¯ = [f (kU∗ ) − 1]/kU∗ . f 0 (kN ) + f 00 (kN )(kN − K) 16



(18)



Total diﬀerentiation of (18) yields 1 + f 0 (kU∗ )kU∗ − f (kU∗ ) ∂kU∗ ∂kN = ¯ 2 ∂β ∂β [2f 00 (kN ) + f 000 (kN )(kN − K)]k U ∂kU∗ βf 00 (kU∗ ) = 00 ¯ ∂β > 0, 2f (kN ) + f 000 (kN )(kN − K)



where the sign of the denominator is negative by the second-order condition of the government’s optimization problem.16 Then, we arrive at ¯ ¯ − KU ) ∂(KN − K) ∂kN ∂(K = = > 0. ∂β ∂β ∂β A rise in β induces capital flows from country U to N . Therefore, it is likely that country U exports ¯ > K μ and hence K ¯ < K μ ) when β is suﬃciently large whereas it may import capital capital (K U N ¯ < K μ and hence K ¯ > K μ ) when β is suﬃciently small. Note that β(≡ β2 /β1 ) represents the (K U N union’s relative concern for the wage rent over the level of employment. A large β implies that the union prioritizes a high wage rate, and hence the return on capital is low. Thus, attracting capital becomes diﬃcult even with the aid of a capital subsidy, making country U a capital exporter. In contrast, when β is small, the union oﬀers a low wage rate to maintain employment. In such a case, the diﬀerence in capital price between the two countries under autarky is not very large, leading to the possibility that country U becomes a capital importer using a capital subsidy.17 To confirm this argument in concrete form, we consider the familiar quadratic production function, fi = (A − ki )ki , where A > 2ki is assumed to ensure fi0 (ki ) > 0. In the equilibrium with active ¯ − (1 − β)(1 − 2β)−1/2 )/2 and K μ = (K ¯ + (1 − β)(1 − 2β)−1/2 )/2, governments, we have KUμ = (3K N ¯ > K μ if and only if K ¯ < (1 − β)(1 − 2β)−1/2 .18 Figure 1 shows the combination which reveals that K U



¯ β) where the sign of K ¯ − K μ is determined. This figure clearly shows that capital is likely to of (K, N flow from country U to N (from country N to U ) to the extent that the trade union in country U places high (low) priority on the wage rent.19 [Figure 1. here] Although capital flows depend on the trade union’s preference, β, and therefore, its direction is unclear in general, we obtain the following proposition on the welfare eﬀects of market integration when governments are active. 16



00 ¯ The second-order condition of (8) is ∂ 2 WU /∂τU2 = [2f 00 (kN ) + f 000 (kN )(kN − K)]/f (kN )2 < 0. Therefore, 2f 00 (kN ) +



¯ < 0 is assumed. f 000 (kN )(kN − K) 17 While HM shows that the unionized country succeeds in attracting FDI, in an imperfectly competitive market, EGR points to the possibility that the majority of capital is invested in a country with a weaker preference for wages. Our



result reproduces that of EGR in a competitive market. 18 ∗ ¯ − 1)(K ¯ + 1)/K ¯ 2 < β < 0.5 is assumed to satisfy k1∗ = (1 − 2β)−1/2 > 0 and LaU = K/k ¯ U 0.5(K < 1. Here, we present the figure only for country N because the figure for country U is inextricably linked. 19 ¯ − (1 + β)(1 − 2β)−1/2 < 0, we have ∂τ μ /∂β < 0, indicating that the capital subsidy increases as β Because τUμ = K U increases.
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Proposition 4. When governments are active, both countries gain from capital market integration, WUμ ≥ WUa and WNμ ≥ WNa . Hence, in this case, market integration increases the global surplus, WUμ + WNμ ≥ WUa + WNa .



Proof: See Appendix F. μ ¯ = K). Note that the equality holds true if and only if no capital movement occurs (i.e., KUμ = KN



This result should be compared with Proposition 1, in which the non-unionized country benefits and the unionized country loses from capital market integration. Market integration triggers capital mobility which contributes in eliminating the inherent ineﬃciencies attributable to the labor market imperfections in country U . Capital mobility has a positive eﬀect on the welfare in a country with competitive labor market, but a negative eﬀect in the unionized country when countries have no policy instrument to control capital flows. That is, the countries, especially the unionized country suﬀering from market integration, are forced to accept the welfare changes as determined by market forces. However, Proposition 4 indicates that if both countries have policy devices to control capital allocation, such as a capital tax/subsidy, they can all benefit from the improved eﬃciency accompanied by capital market integration. The capital tax/subsidy is used to allocate the resulting boon from market integration among the countries. Recent studies such as ALL and HM showed that only one government benefits from market integration and that the total surplus will decrease with market integration. In contrast, we find that market integration benefits both non-unionized and unionized countries if the governments engage in tax/subsidy competition. The following two lemmas are useful to interpret this intriguing result in a concrete form. Lemma 3. When governments are active, unionized country U has an incentive to export capital in ¯ ). Otherwise, it imports capital. the integrated market if and only if (f (k ∗U ) − 1 )/k ∗U < f 0 (K Proof: See Appendix A-(iii). Lemma 4. Beginning from equilibrium under autarky, capital exports by unionized country U increase ¯ ). Otherwise, capital imports by unionized the global surplus if and only if (f (k ∗U ) − 1 )/k ∗1 < f 0 (K country U increase the global surplus. Proof: See Appendix A-(iv). These lemmas show that country U ’s government determines the subsidy rate to ensure that it exports capital if and only if country N ’s capital endowment is small enough and its marginal productivity of capital is suﬃciently high. In such a case, country U ’s capital exports increase the total global output. In contrast, if country N ’s capital endowment is large and its marginal productivity of capital is low, then country U sets a subsidy rate that enables it to import capital, which leads to higher total global output. 18



Moreover, these lemmas help to explain the reason behind Proposition 4 as follows. Following capital market integration, country U ’s government reduces the tax rate and begins providing a subsidy for mobile capital. Such a tax rate reduction generally produces two eﬀects. First, it raises the net return on capital, ∂r/∂τU < 0. Second, it changes the allocation of capital between countries U and N , which aﬀects labor demand and wage rate, and consequently labor income in each country. Let’s examine the eﬀects of market integration on welfare. We start from country U . Assume that the unionized country is a capital importer and the non-unionized country is a capital exporter, ¯ > K μ . The rise in capital price, r, along with market integration increases the payment for KUμ > K N capital imports in country U , which triggers a reduction in welfare. However, capital inflows resulting from the capital subsidy have the eﬀect of increasing labor demand, thus leading to increased job opportunities, ∂LU /∂τU < 0. However, while employment increases, the wage rate remains unchanged at wU∗ given by (7) because the trade union has bargaining power in the labor market. Consequently, labor income increases, and, by extension, so does welfare in country U . In sum, both the positive and negative factors aﬀect the resulting welfare change; however, the active government can choose its subsidy rate to achieve a net welfare gain when the capital market is integrated. Note here that country U can attain the same capital distribution and welfare level as that under autarky because a capital subsidy merely redistributes income within a country when the subsidy level is set such that the net capital exports are zero. Therefore, if country U ’s government chooses a suﬃciently high subsidy level to import capital, it must enjoy a higher welfare level than that experienced under autarky. We can explain the eﬀects of market integration on country N ’s welfare in a similar manner when ¯ > K μ . Capital outflows from country N decrease its domestic wage rate, which has a KUμ > K N negative eﬀect on its welfare. However, country U ’s capital subsidy increases the capital price, which benefits country N because it increases the reward from capital exports. Now, because country N ’s government can use tax/subsidy instruments to control the flow of capital, it can potentially use such instruments to increase domestic welfare. Country N thus voluntary chooses τN = 0 to export capital to potentially alleviate its low marginal productivity of capital. ¯ < K μ , the same argument applies. On the one hand, the increase in capital price, When KUμ < K N accompanied by market integration, increases the reward from capital exports, increasing welfare in country U . On the other hand, capital outflows increase unemployment, which reduce labor income, thereby, lowering welfare. The government uses a subsidy policy to ensure that the net eﬀect is positive. The eﬀect on country N ’s welfare can be interpreted in a similar manner. The capital subsidy in country U increases the capital price, thereby increasing the payment for capital imports. This is a negative aspect of market integration for country N . However, following market integration, capital flows into country N , increasing its domestic wages and welfare. Given the inherent positive and negative eﬀects, country N chooses a tax/subsidy rate that allows the positive eﬀects of capital inflows to outweigh the negative eﬀects. 19



4.2



Comparison of equilibria with and without active governments



We now compare the tax game equilibrium, wherein governments are active in attracting mobile capital, with the laissez-faire equilibrium, wherein capital is mobile but the governments are inactive. As formally shown in Appendix G, in the tax game equilibrium, the provision of capital subsidies by country U ’s government functions as a barrier to capital flows from country U to N , and country U has more capital and higher employment in the tax game equilibrium compared with levels in the laissez-faire equilibrium. This leads to the following proposition. Proposition 5. Assume that the capital market is integrated. The unionized country U always prefers the tax game to the laissez-faire economy, WUμ > WUm . In contrast, the non-unionized country N prefers the laissez-faire to tax game (WNμ < WNm ) if it imports capital. If country N exports capital, it may or may not prefer the laissez-faire economy (WNμ R WNm ). Proof: See Appendix G. Country U enjoys more capital and higher employment, and hence, higher welfare under the tax game. In contrast, country N may achieve lower welfare in the tax competition equilibrium. The reason behind this result is simple. For instance, if the non-unionized country imports capital under the tax game, the capital subsidy policy employed in the unionized country increases the capital price. The increase in capital price in turn increases the payment for capital imports and may reduce welfare in the non-unionized country. Whether both countries obtain higher welfare in the tax competition equilibrium compared with the no-tax game equilibrium depends on the magnitude of the terms of trade eﬀects, namely, capital price elasticity with respect to the capital tax/subsidy rate. If the eﬀects of terms of trade are not significant, both countries prefer the tax-game over autarky. However, when the capital price is sensitive to government’s tax changes, and thus the terms of trade have a substantial impact on country N ’s interest payment, the non-unionized country loses from tax competition due to increased interest payments. The terms of trade eﬀects become significant as the regional gap that lies at the core of capital flows widens, while the terms of trade are irrelevant if no capital mobility occurs under symmetric countries. This implies that country N strengthens its tendency to avoid tax/subsidy competition and to prefer the laissez-faire economy as labor market disparities are significant. In HM’s model, no terms of trade eﬀects exist, and thus all countries prefer the tax competition game over the no-tax game. However, in our model, when the non-unionized country imports capital, and the capital price significantly increases as the unionized country subsidizes capital, then, the non-unionized country will be harmed by the existence of tax/subsidy competition. In the standard tax competition scenario, a tax game without tax coordination results in a “race to the bottom.” Our analysis provides a diﬀerent prediction: Country N is the only loser of a tax 20



game if it is a capital importer. In such a case, country N may resort to policies other than a capital tax/subsidy. For example, country N may request country U to reform a labour market to secure wage flexibility; lower β will improve the welfare of country N through lower capital subsidy rate. On the other hand, when country N is a capital exporter, tax competition can benefit both countries.



5



Extensions and Discussions



This section extends our baseline model and examines how the extension may change our main results (particularly, those shown in Proposition 4).20 First, labor taxation is introduced while the government in our baseline model has only one tax instrument. Here, the government is allowed to transfer income between two types of workers. Second, the possibility of government’s intervention in wage determination is considered. Finally, the model is extended to examine the eﬀects of public goods provision.



5.1



Labor tax and redistribution



In the baseline model, the government’s objective function is kept very simple to demonstrate our results clearly. However, in the presence of unemployment, governments may consider the equity issue, and in such a case, they may employ additional policies that reduce inequality between employed and unemployed workers. In this subsection, we explore whether such an equity motive and related policies aﬀect our results.21 Here, we introduce a redistribution policy financed by labor tax revenue into the baseline model presented in Section 2. Because doing so can alter only the equilibrium allocations with active governments, we investigate whether the labor tax and redistribution may change the results shown in Proposition 4. Because country N has a perfect labor market and all workers are employed, redistribution is a policy issue only in country U . Specifically, we assume that country U ’s government can transfer income between employed and unemployed workers. Denoting hi and bi as the labor tax rate on employed workers and the size of the redistributive transfer to unemployed workers in country i, 20



As stated in section 4.2, the capital price elasticity plays a critical role for Proposition 5, which shows that both



countries may obtain higher welfare in the tax competition equilibrium compared with the no-tax game equilibrium. Based on the facts that ∂r/∂τU = −1 and ∂r/∂τN = 0 shown in Appendix D, the eﬀects on capital price of tax change in country U only matters, and so the extension presented in this section may change the results on country U quantitatively (but not qualitatively) if capital price elasticity is suﬃciently high. By contrast, since the capital price is not aﬀected by the tax change in country N, the outcome associated with country N in Proposition 5 is basically unchanged. 21 Some studies provide evidences of interjurisdictional welfare competition. For instance, see Figlio, Kolpin, and Reid (1999) for an early contribution. See also Brueckner (2000) for the review.
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respectively, the budget constraint of residents in country U becomes ⎧ ⎨ rU K ¯ + wU − hU if j = e cjU = . ⎩ r K ¯ + 1 + bU if j = u U



(19)



If bU > 0 and hU > 0, the transfer is positive in the sense that income is transferred from the



employed to the unemployed, where such a transfer implies unemployment benefits. In contrast, bU < 0 and hU < 0 denote a negative transfer in the sense that income is redistributed from the unemployed to the employed, which can act as a subsidy to employed workers. It is natural to assume bU > 0 and hU > 0, but we do not exclude the case of bU < 0 and hU < 0. The budget constraint of country U’s government becomes (1 − LU )bU = τU KU + LU hU . Because our baseline model is not intended to be used for the analysis of labor tax and redistribution, a direct introduction of these factors into the baseline model results in very extreme cases.22 To obtain a more plausible case with labor tax and redistribution, here, we make an additional assumption that country U ’s government cares about equity issues and has the objective function as follows:23



VU = (1 − θ)WU + θg(ceU − cuU ) £ ¤ ¡ ¢ ¡ ¢ ¯ + (wU∗ − 1)LU + τU KU + 1 + θg( rU K ¯ + wU − hU − rU K ¯ + 1 + bU ) = (1 − θ) rU K ¤ £ ∗ ¯ + (wU ¯ + 1 + θg(wU − hU − bU − 1), − 1)LU + τU (KU − K) = (1 − θ) f 0 (kU∗ )K



where 0 ≤ θ < 1 and ceU −cuU represents income inequality between employed and unemployed workers. g(·) is a decreasing function of income inequality between employed and unemployed worker. Thus, with a positive θ, the government has an incentive to decrease income inequality via a redistribution policy. In country N , there exist no unemployment and hence no income inequality. Hence, the objective function becomes VN = (1 − η)WN + η×const., which leads to exactly the same results regarding country N as those described in the baseline model. Here, we specify g(·) by assuming the following simple functional form: g(wU − hU − bU − 1) = ln [γ − 1 − (wU − hU − bU − 1)], where γ is suﬃciently large. Then, the objective function of the government becomes
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£ ¤ ¯ + (wU∗ − 1)LU + τU (KU − K) ¯ + 1 + θ ln [γ − wU + hU + bU ] . VU = (1 − θ) f 0 (kU∗ )K



(20)



Strictly speaking, we focused on the interior solution in our baseline model by implicitly assuming that the following



constraints are not binding; consumption of both types of workers is non-negative and the unemployment rate is between zero and one. However, if we introduce a labor tax and redistribution directly into the baseline model, we can show that no interior solution exists regarding the redistribution level, implying that either constraint becomes binding. Hence, we have two possibilities: one is the case where redistribution can completely eliminate unemployment and the other is the case where the non-negative constraint of consumption by unemployed workers is binding. Note that the non-negative constraint of employed workers is not binding in any case. In the former case, we have no scope for tax competition whereas in the latter case, we can show Proposition 4. 23 We thank the referee for suggesting this extension.
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Country U ’s government maximizes VU with respect to bU , hU , and τU subject to the budget constraint (1−LU )bU = τU KU +LU hU while anticipating subsequent market responses. Note here that the budget constraint can be rearranged as bU = τU KU + LU (hU + bU ). In the presence of a redistribution policy, the trade union’s objective function is given by UU = LβU1 (ceU −cuU )β2 = LβU1 (wU −hU −1−bU )β2 . Note that (4) still holds true. To keep the analysis tractable, we assume in this subsection that β1 = β2 . Existing studies such as Bastos and Kreickemeier (2009) and HM also made this simplifying assumption. Then, we can derive the first-order condition as f (kU ) − kU f 0 (kU ) = 1 + hU + bU − kU2 f 00 (kU ).



(21)



If the redistributive transfer is fixed, (21) determines the equilibrium ratio of capital to labor, kU∗ . Then, the eﬀects of the capital tax rate, τi , on equilibrium values are again given in Appendix D. Letting dU denote hU +bU , i.e., dU ≡ hU +bU , from (21), we know that kU∗ , and hence, wU∗ increases as dU increases: ∂kU∗ 1 > 0, = ∗2 000 ∗ ∂dU kU f (kU ) + kU∗ f 00 (kU∗ ) ∂wU∗ ∂k ∗ = −kU∗ f 00 (kU∗ ) U > 0, ∂dU ∂dU where the first inequality comes from condition (iii) in Section 2. The second inequality implies that redistribution improves both the status of unemployed workers and the bargaining position of workers in the wage bargaining, resulting in higher wages. We assume that ∂wU∗ /∂dU < 1 so that redistribution does not increase income inequality. Under autarky, VU becomes £ ¤ ¯ + (wU∗ − 1)LU + 1 + θ ln [γ − wU + dU ] . VU = (1 − θ) f 0 (kU∗ )K



We can see that the government’s maximization problem is equivalent to maximize VU with respect to dU and τU while anticipating subsequent market responses and determine bU by the budget constraint bU = τU KU +LU (hU + bU ). Using (20) and (21), the first-order condition of government maximization with respect to dU yields dU =



dU (kU∗ )



=



wU∗



1 θ −γ− ∗ 00 ¯ 1 − θ Kf (kU )∂kU∗ /∂dU



µ ¶ ∂wU∗ 1− . ∂dU



(22)



Note here that dU increases as θ increases, and dU < 0 when θ is suﬃciently small. Equations (21) and (22) determine kU∗ and hence the wage wU∗ under autarky, which we denote by kU∗# and wU∗# , respectively. Here, the superscript ] represents the case with redistribution. kU∗] and wU∗] are independent of the capital tax rate, implying that the capital tax rate exerts the same eﬀects as those described in Appendix D. Thus, combined with the fact that the capital tax rate, τU , does not directly aﬀect welfare, we can readily confirm that governments have no incentive to impose a tax on capital 23



under autarky. Put diﬀerently, the government only sets the level of redistribution, dU (and bU is determined by the budget constraint). When capital is mobile, the first-order condition of government maximization with respect to dU ∗ under capital mobility are identical to k ∗# and is again given by (21). This implies that kU∗ and wU U



wU∗# . The first-order conditions of the governments’ optimization with respect to τi then lead to w∗] − 1 ∗] ¯ τUμ] = f 00 (kN )(K − KU] ) − U ∗] , kU μ] = 0, τN



showing that the results in Proposition 4 remain even in this case using procedures similar to those described in Appendix F.



5.2



Government’s intervention in wage determination



In the baseline model, country U ’s government , knowing how the wage rate and employment level are determined, does not regulate the labor market. Here, we discuss the eﬀects of government’s intervention on the labor market, by focusing on intervention in wage determination. We employ a simple method in addressing this issue by formulating the Nash bargaining between the government and union, i.e., the wage rate in country U is determined to maximize the Nash product in the third stage of the game. The outside option for the union is zero because employment is not possible if the wage rate is not determined. Under autarky, the outside option for the government is the income when the worker is unemployed, w (≡ 1). The Nash product becomes (WU − 1)γ [LβU1 (wU − 1)β2 ]1−γ , where γ represents the bargaining power of the government and satisfies 0 < γ < 1. When γ converges to zero, the first-order condition converges to (5). Note that dkU /dwU = −1/(kU f 00 (kU )) and drU /dkU = f 00 (kU ) from (1) and (2).



¯ we have drU /dwU = −LU /K. ¯ The first-order condition is given by Under autarky (i.e., KU = K), ¶ µ (wU − 1)dLU /dwU β1 dLU /dwU β2 = 0. (23) γ + ¯ + (wU − 1)LU + (1 − γ) LU wU − 1 rU K ¯ + (wU − 1)LU = LU (f (kU ) − 1) and dLU /dwU are still given by (4), (23) is written as Because rU K ¸ ∙ γ(wU − 1) 1 (1 − γ)β2 + (1 − γ)β1 + . 0 = 2 00 wU − 1 kU f (kU ) f (kU ) − 1 Thus, using (2), we obtain ¸ ∙ 1 (1 − γ)β2 γ(f (kU ) − kU f 0 (kU ) − 1) + (1 − γ)β1 + = 0. 2 00 f (kU ) − 1 f (kU ) − kU f 0 (kU ) − 1 kU f (kU )



(24)



This equation determines the capital-labor ratio in country U , kU∗∗ . We apply the prime to distinguish the variables here from those in the baseline model. Because kU∗∗ is independent of the capital tax rate, ¯ ∗∗ ) under autarky. Hence, capital taxation is so are the wage rate and employment level (LU = K/k U 24



a mere redistribution within the country and does not aﬀect welfare, implying that country U ’s government does not have an incentive to impose a tax on capital. In addition, the environment that country N faces is identical to that in the baseline model, implying that country N ’s government does not impose a tax on capital. When the capital market is integrated, the outside option for country U ’s government is the sum of ¯ − KU ) + 1. Note that in the third stage, capital income from abroad plus unemployment income, r(K tax rates and capital distribution are already determined. Hence, at this stage, the capital price is expected to become r = f 0 (KN ), which is independent of the bargaining result. The Nash product is ¯ − KU ) − 1)γ [Lβ1 (wU − 1)β2 ]1−γ , from which we again obtain (23) and (24). Thus, given by (WU − r(K U



we know that kU∗∗ and the wage rate, wU∗∗ = f (kU∗∗ ) − kU∗∗ f 0 (kU∗∗ ), are independent of the capital tax rate



even when the capital market is integrated, implying that the capital tax rate has the same eﬀects as those described in Appendix D. From the first-order conditions of governments’ optimization, we obtain w∗∗ − 1 ∗∗ ¯ τUμ∗ = f 00 (kN )(K − KU0 ) − U ∗∗ , kU μ∗ = 0. τN



With these tax rates in hand, we can show that the results in Proposition 4 remain even in this case using procedures similar to those described in Appendix F. Note that when γ converges to one, the government can completely control the wage rate in country U . Then, (23) requires the wage rate to be set suﬃciently low to ensure full employment (LU = 1).24 In this case, from similar procedures to those described in Appendix D, the eﬀects of capital taxation on capital input are given by ∂KU /∂τU = 1/f 00 (KU ). This results in changes in the capital price and wage as ∂r/∂τU = f 00 (KU )∂KU /∂τU − 1 = 0 and ∂wU∗ /∂τU = −KU f 00 (KU )∂KU /∂τU = −KU . Using these results, the eﬀect of capital taxation on the welfare of country U (the first line of (15)) can be rewritten as ∂WU ¯ · 0 + 1 · (−KU ) + (wU∗ − 1) · 0 + KU + τU f 00 (KU ) =K ∂τU = τU f 00 (KU ). Hence, the equilibrium tax rate becomes zero. This reveals that our model converges to the one with symmetric countries involving full employment when γ converges to one.



5.3



Public goods



It is well known in the tax competition literature that capital mobility may result in under-provision of public goods if public goods provision is financed by a capital tax (see e.g., Zodrow and Mieszkowski 24



wU must be higher than one in order for workers to have an incentive to work.



25



1986 and Wilson 1986). In this subsection, we examine whether such losses from tax competition may possibly dominate the gains from capital mobility shown in Proposition 4. Suppose now that the governments provide public goods. Assume further that when the level of public goods provision is Gi , worker’s utility is given by u(ci , Gi ) = ci + (1 + ε)Gi , where ε (≥ 0) represents the consumer’s relative preference for public goods consumption over private goods consumption.25 The case of ε = 0 corresponds to the benchmark case discussed in Section 4. To examine the eﬀects of tax competition, we assume that public good provision is financed only by capital taxes.26 Introduction of public goods provision changes only the first stage of the game. In the first stage, governments decide upon the levels of capital taxes/subsidies and public goods provision, implying that the budget constraint of the government becomes Gi = τi Ki . Substituting the governments’ budget constraint into the utility function of workers, the objective functions of government are given by ¯ + (wU − 1)LU + 1 + (1 + ε)τU KU , WU = rU K ¯ + wN + (1 + ε)τN KN . WN = rN K Under autarky, the capital price is given by ri = f 0 (ki ) − τi . Note here that the capital-labor ratio



and wage rate are independent of tax rates in both countries because kU = kU∗ that is determined by (6) ¯ under autarky. Moreover, note that KU = K, ¯ which implies that the employment level and kN = K ¯ ∗ ). Consequently, the governments’ optimization in country U is not aﬀected by tax rates (LU = K/k U implies that they set the tax rate as high as possible. Because the capital price must be nonnegative, we obtain τiaP = f 0 (ki ), where P represents the case with public goods provision. Therefore, the resulting social welfare under 25



This utility function was used by Bucovetsky (2009) and Eichner (2014). The parameter ε can be associated with



the marginal cost of public funds. The formulation assumes a constant marginal rate of substitution between private and public goods, which is needed to derive clear results on the eﬀects of public goods provision. As Bucovetsky (2009, p.73031) points out, however, it may be an acceptable approximation if governments have access to several other distortionary taxes in addition to the capital tax. This is because if the capital tax revenue is a relatively small fraction of total revenues, and if the governments choose other taxes optimally, then changes in the revenue collected from this tax may have little eﬀect on the marginal cost of public funds at the optimum, so that utility may be treated as approximately linear in the revenue from the capital tax. 26 If we assume that a lump-sum tax is also available, we can show that the level of public good provision becomes eﬃcient, and our main results are not altered.
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autarky becomes WUaP = (f (kU∗ ) + εkU∗ f 0 (kU∗ ) − 1)



¯ K + 1, kU∗



¯ + εf 0 (K) ¯ K. ¯ WNaP = f (K) When the capital market is integrated, governments are faced with r = f 0 (kU∗ ) − τU = f 0 (KN ) − τN and consider the policy eﬀects on the capital price and domestic variable, which are shown in Appendix D. The optimization of country U ’s government gives ¶ µ ¯ βk∗ f 00 (kU∗ ) K μP μP 00 ∗ − KU . τU = f (kN ) + U 1+ε 1+ε



(25)



For country N , we obtain μP τN =−



ε μP 00 μP KN f (KN ). 1+ε



(26)



Note that (25) and (26) reduce to (16) and (17) if ε = 0. When ε is positive, both countries have incentive to provide public goods, which results in a positive tax rate of the non-unionized country. As formally shown in Online-Appendix V, when the relative preference for public goods, ε, is large, it is possible that losses from tax competition dominate gains from capital mobility, and both countries would prefer autarky to capital mobility.



¯ ¯ If ε = 0, this economy goes back to the case described in Section 4, implying that WUμP − WUaP ¯ > ε=0 ¯ ¯ > 0. Therefore, if ε is suﬃciently small, we arrive at Proposition 4 although 0 and WNμP − WNaP ¯ ε=0



a large ε may alter our results.



6



Concluding Remarks



This paper examined the consequences of capital market integration in terms of residents’ welfare in unionized and non-unionized countries. We first examined a model in which governments are inactive and proved that once the capital market is integrated to allow capital mobility between the two countries, capital moves from the unionized to the non-unionized country. Because this movement increases its domestic unemployment, market integration harms residents in the unionized country. In contrast, because capital inflows in the non-unionized country increase its output, market integration benefits the residents of this country. The necessary condition for this result is that capital outflows induced by market integration reduce the demand for labor in the unionized country, which is assured when we make a natural assumption that capital and labor are Pareto-complements, implying that the marginal productivity of capital inputs increases in inputs of labor. However, this result requires an amendment when we consider active governments. In the framework of active tax competition between unionized and non-unionized countries, our result shows that capital market integration benefits both countries. The unionized country has an incentive to provide
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subsidies for mobile capital because it is plagued by an unemployment problem. Unemployment gives the government of the unionized country an incentive to increase labor productivity to boost labor demand. To boost labor productivity, the government attempts to attract mobile capital. Therefore, it strategically uses a subsidy policy and succeeds in attracting capital. In contrast, the government of the country with a perfect labor market continues to choose zero tax rates on capital despite the market being integrated, i.e., the non-unionized country has no incentive to use tax/subsidy policy instruments. The capital subsidy provided by the unionized country changes the allocation of capital between the two countries, net return on capital investments, wages, and the unemployment level. Although these aﬀect each country’s welfare, the tax/subsidy instrument can be used to bring welfare gains in both. Finally, given that the capital market is integrated, we examined the incentives to participate in a tax/subsidy game. The results reveal that whereas the unionized country always becomes active and desires to participate in the game by employing a capital subsidy, the non-unionized country may prefer the environment without active governments. If the non-unionized country is a capital importer, the capital subsidy policy employed by the unionized country increases the capital price, increasing the payment for capital and thus reducing welfare in the non-unionized country. Thus, the non-unionized country becomes reluctant to participate in the tax/subsidy game. Our argument reveals that whether capital market integration harms or benefits unionized and non-unionized countries depends on whether the government in each country actively controls capital allocation through a tax/subsidy policy, which has been recognized as a key factor in the era of globalization. It is worth mentioning that one of the most important extensions is checking the robustness of our results in the case of three or more countries. Although we can interpret our framework as having more than two countries by considering them as a mass of unionized and non-unionized countries, this perspective neglects strategic interactions among governments within each mass (i.e., among governments of unionized (or non-unionized) countries). Investigating the results of such strategic interactions is an important direction for future research.



References Aloi, M., M. Leite-Monteiro, and T. Lloyd-Braga (2009), Unionized labor markets and globalized capital markets, Journal of International Economics, 78, 149-153. Baldwin, R.R. and P. Krugman (2004), Agglomeration, integration, and tax harmonization, European Economic Review, 48, 1-28. Bastos, P. and U. Kreickemeier (2009), Unions, competition and international trade in general equi-



28



librium, Journal of International Economics, 79, 238-247. Black, D.A. and W.H. Hoyt (1989) Bidding for firms, American Economic Review, 79, 1249-1256. Boadway, R., K. Cuﬀ, and N. Marceau (2002), Interjurisdictional competition for firms, International Economic Review, 43, 761-782. Boeri, T. and J. van Ours (2008), The Economics of Imperfect Labor Markets, Princeton: Princeton University Press. Brueckner, J.K. (2000), Welfare reform and the race to the bottom: Theory and evidence, Southern Economic Journal, 66, 505-525. Bucovetsky, S. (1991), Asymmetric tax competition, Journal of Urban Economics, 30, 167-181. Bucovetsky, S. (2009), An index of capital tax competition, International Tax and Public Finance, 16, 727-752. Cardarelli, R., E. Taugourdeau, and J.P., Vidal (2002), A repeated interactions model of tax competition, Journal of Public Economic Theory, 4, 19-38. Davies, R.B. (2005), State tax competition for foreign direct investment: a winnable war?, Journal of International Economics, 67, 498-512. DePater J. and G.M. Myers (1994), Strategic capital tax competition: A pecuniary externality and a corrective device, Journal of Urban Economics, 36, 66-78. Eichner, T. (2014), Endogenizing leadership and tax competition: Externalities and public good provision, Regional Science and Urban Economics, 46, 18-26. Egger, P. and T. Seidel (2011), Tax competition, trade liberalization and imperfect labour markets, Oxford Economic Papers, 63, 722-739. Exbrayat, N., C. Gaigné, and S. Riou (2012) The eﬀects of labour unions on international capital tax competition, Canadian Journal of Economics, 45, 1480-1503. Figlio, D.N., V.W., Kolpin, and W.E. Reid (1999), Do states play welfare games?, Journal of Urban Economics, 46, 437-454. Fuest, C. and B. Huber (1999), Tax coordination and unemployment, International Tax and Public Finance, 6, 7-26. Gabszewicz, J.J. and T. van Ypersele (1996), Social protection and political competition, Journal of Public Economics, 61, 193-208.



29



Haufler, A. (1996), Tax coordination with diﬀerent preferences for public goods: Conflict or harmony of interest?, International Tax and Public Finance, 3, 5-28. Haufler, A. and I. Wooton (1999), Country size and tax competition for foreign direct investment, Journal of Public Economics, 71, 121-139. Haufler, A. and F. Mittermaier (2011), Unionisation triggers tax incentives to attract foreign direct investment, Economic Journal, 121, 793-818. Hindriks, J., S. Peralta, and S. Weber (2008), Competing in taxes and investment under fiscal equalization, Journal of Public Economics, 92, 2392-2402. Itaya, J., M. Okamura and C. Yamaguchi (2008), Are regional asymmetries detrimental to tax coordination in a repeated game setting?, Journal of Public Economics, 92, 2403-2411. Kanbur, R. and M. Keen (1993), Jeux sans frontiˇ eres: Tax competition and tax coordination when countries diﬀer in size, American Economic Review, 83, 877-892. Koskela, E. and R. Schöb (2002), Optimal factor income taxation in the presence of unemployment, Journal of Public Economic Theory, 4, 387-404. Leite-Monteiro, M., M. Marchand, and P. Pestieau (2003), Employment subsidy with capital mobility, Journal of Public Economic Theory, 5, 327-344. Lejour, A.M. and H.A. Verbon (1996), Capital mobility, wage bargaining, and social insurance policies in an economic union, International Tax and Public Finance, 3, 495-514. Lozachmeur, J.M. (2003), Fiscal competition, labor mobility, and unemployment, FinanzArchiv, 59, 212-226. MaCurdy, T.E. and J.H. Pencavel (1986), Testing between competing models of wage and employment determination in unionized markets, Journal of Political Economy, 94, S3-S39. McDonald, I.M. and R.M. Solow (1981), Wage bargaining and employment, American Economic Review, 71, 896-908. Mittermaier, F. and J. Rincke (2013), Do countries compensate firms for international wage diﬀerentials?, Journal of Public Economics, 102, 23-36. Nielsen, S.B. (2001), A simple model of commodity taxation and cross-border shopping, Scandinavian Journal of Economics, 103, 599-623. Ogawa, H. (2013), Further analysis on leadership in tax competition: The role of capital ownership, International Tax and Public Finance, 20, 474-484. 30



Ogawa, H., Y. Sato, and T. Tamai (2004), Unemployment and capital tax competition, DEE Discussion paper No.04-2, Graduate School of Environmental Studies, Nagoya University. Ogawa, H., Y. Sato, and T. Tamai (2006), A note on unemployment and capital tax competition, Journal of Urban Economics, 60, 350-356. Ottaviano, G. I. P. and T. van Ypersele (2005), Market size and tax competition, Journal of International Economics, 67, 25-46. Peralta, S. and T. van Ypersele, (2005), Capital tax competition among an arbitrary number of asymmetric countries, Journal of Urban Economics, 57, 258-274. Richter, W.F. and K. Schneider (2001), Taxing mobile capital with labor market imperfections, International Tax and Public Finance, 8, 245-262. Sato, Y. (2009), Tax competition and search unemployment, Papers in Regional Science, 88, 749-764. Sato, Y. and J.-F. Thisse (2007), Competing for capital when labor is heterogeneous, European Economic Review, 51, 2054-2079. Skaksen, M. and J.R. Sorensen (2001), Should trade unions appreciate foreign direct investment, Journal of International Economics, 55, 379-390. Trandel, G.A. (1994), Interstate commodity tax diﬀerentials and the distribution of residents, Journal of Public Economics, 53, 435-457. Wilson, J.D. (1986), A theory of inter-regional tax competition, Journal of Urban Economics, 19, 296-315. Wilson, J.D. (1991), Tax competition with interregional diﬀerences in factor endowments, Regional Science and Urban Economics, 21, 423-451. Zhao, L. (2001), Unionization, vertical markets, and the outsourcing of multinationals, Journal of International Economics, 55, 187-202. Zodrow, R.G. and P. Mieszkowski (1986), Pigou, Tiebout, property taxation, and the underprovision of local public goods, Journal of Urban Economics, 19, 356-370.



31



Appendixes Appendix A: Proof of Lemmas (i) Proof of Lemma 1. ¯ = K a = ka , we get ra < ra . Furthermore, Because f (·) is concave in ki , from kUa (= kU∗ ) > K N N U N a. from (2), we obtain wUa > wN



(ii) Proof of Lemma 2. Although KU changes, kU does not change even if the market is integrated. Hence, kU∗ = kUa = kUm . m ), we readily have From rm = f 0 (kUm ) = f 0 (kN m m ¯ = KN > K. kU∗ = kN



(27)



¯ ¯ = K m + K m and (27), we have K m < K. From 2K U N U (iii) Proof of Lemma 3. Country U has an incentive to export (import) capital if and only if it sets the subsidy rate τUμ such ¯ At KU = KN = K, ¯ we that f 0 (kU∗ ) − τUμ is smaller (larger) than f 0 (KN ) evaluated at KU = KN = K. obtain ¯ f 0 (kU∗ ) − τUμ ¯K =K =K¯ = f 0 (kU∗ ) − βkU∗ f 00 (kU∗ ), U N ¯ ¯ f 0 (KN )¯K =K =K¯ = f 0 (K). U



N



¯ country U has an incentive to export capital if and only if f 0 (k∗ ) − Hence, when KU = KN = K, U ¯ Using (6), this equation can be rewritten as βkU∗ f 00 (kU∗ ) < f 0 (K). f (kU∗ ) − 1 ¯ < f 0 (K). kU∗ Similar arguments show that country U has an incentive to import capital if and only if f (kU∗ ) − 1 ¯ > f 0 (K). kU∗ (iv) Proof of Lemma 4. Capital import by country U changes the global surplus as f (kU∗ ) − 1 ∂(WU + WN ) ¯ − KU ). = − f 0 (2K ∂KU kU∗ ¯ we have Evaluating this at KU = K,



which results in the lemma.



¯ f (kU∗ ) − 1 ∂(WU + WN ) ¯¯ ¯ = − f 0 (K), ∗ ¯ ∂KU k ¯ KU =K U 32



Appendix B: Proof of Proposition 1. a From wU∗ > 1 and Lm U < LU in (12), we get that country U loses from the lifting of the curbs because a a comparison between (10) and (13) yields WUm − WUa = (wU∗ − 1) (Lm U − LU ) < 0. In contrast, country



N gains because a comparison of (11) and (14) gives a m a ¯ + wN WNm − WNa = (rm − rN )K − wN ¡ ¢ a m a m m 0 m a a 0 a = f 0 (KN ) − f 0 (KN ) KN + f (KN ) − KN f (KN ) − f (KN ) + KN f (KN ) m a m a m = f (KN ) − f (KN ) − (KN − KN ) f 0 (KN ) > 0,



m > Ka = K ¯ from (27). The last inequality comes from the assumption of the strict concavity where KN N



of f (·).



Appendix C: Proof of Proposition 2. A simple comparison yields WUm



− WUa



+ WNm



− WNa



¡ ¢ = f (kUm ) − kUm f 0 (kUm ) − 1



µ



¯¶ KUm K − a kUm kU



m a m a m ) − f (KN ) − (KN − KN ) f 0 (KN ). + f (KN m = K m , K m = 2K ¯ − K m , and K a = K, ¯ we obtain Using the results that kUm = kUa = kU∗ = kN N U N N µ ¶ ∗ ¯ ¯ f (kU ) − 1 − f (K) − 1 . WUm − WUa + WNm − WNa = K ¯ kU∗ K



(28)



Moreover, we can see that µ ¶¸ £ ¤ d f (k) − 1 = sgn 1 − f (k) + kf 0 (k) , dk k d (1 − f (k) + kf 0 (k)) = kf 00 (k) < 0, dk



sgn



∙



¯ + Kf ¯ 0 (K). ¯ From the assumption that workers in which imply that 1 − f (kU∗ ) + kU∗ f 0 (kU∗ ) < 1 − f (K) ¯ − Kf ¯ 0 (K) ¯ > 1), we have country N under autarky have an incentive to be employed (f (K) µ ¶ d f (k) − 1 ¯ < 0, ∀k > K. dk k



(29)



From (28) and (29), we have WUm + WNm − (WUa + WNa ) < 0.



Appendix D: Policy eﬀects on equilibrium values We derive equations representing the policy eﬀects on the equilibrium values used in Subsection 4.2. For given tax rates, the capital-labor ratios are determined by (6) and rU = rN (i.e., f 0 (kU ) −



τU = f 0 (kN ) − τN ). From (6), we know that kU does not depend on τi . Combined with this, total diﬀerentiation of f 0 (kU ) − τU = f 0 (kN ) − τN yields



∂k∗ ∂kU∗ ∂kN ∂kN 1 1 > 0, and 


(30)



¯ we have Because kN = KN and KU + KN = 2K, ∂kN ∂KU ∂KN ∂KN = > 0 and =− < 0, ∂τU ∂τU ∂τU ∂τU ∂KN ∂kN ∂KU ∂KN = < 0 and =− > 0. ∂τN ∂τN ∂τN ∂τN



(31) (32)



Furthermore, as LU = KU /kU , we have 1 ∂KN ∂LU 1 ∂KN ∂LU =− ∗ < 0 and =− ∗ > 0. ∂τU kU ∂τU ∂τN kU ∂τN



(33)



Factor prices are given by (1), (2), and (7). From (1) and (30), we obtain ∂r ∂r = −1 and = 0. ∂τU ∂τN



(34)



∂wU∗ ∂wU∗ ∂wN ∂wN = = 0, = kN > 0, and = −kN < 0. ∂τU ∂τN ∂τU ∂τN



(35)



Finally, (2), (7) and (30) give



Appendix E: Proof of Proposition 3. ¯ < K μ because we have f 00 (·) < 0. From Suppose that τUμ ≥ 0. Equation (16) implies that K U ¯ − K μ , we obtain K μ < K ¯ < k∗ . Capital mobility requires that f 0 (k∗ ) − τU = f 0 (k μ ) = KUμ = 2K U U N N N



μ ¯ > f 0 (k∗ ), implying that τ μ < 0, which is a contradiction. f 0 (KN ) > f 0 (K) U U



Appendix F: Proof of Proposition 4. Under autarky, we have ¯ + (f (kU∗ ) − kU∗ f 0 (kU∗ ))LaU + 1 − LaU WUa = f 0 (kU∗ )K ∗ ¯ ¯ ¯ + f (kU )K − f 0 (kU∗ )K ¯ +1− K = f 0 (kU∗ )K ∗ kU kU∗ ¯ K = (f (kU∗ ) − 1) ∗ + 1, kU ¯ K ¯ + f (K) ¯ − Kf ¯ 0 (K) ¯ = f (K). ¯ WNa = f 0 (K) ¯ ≥ K μ . Then, in the integrated market with active governments, we have Assume KUμ ≥ K N ¯ + (f (kU∗ ) − kU∗ f 0 (kU∗ ))Lμ + 1 − Lμ + τ μ (K μ − K) ¯ WUμ = f 0 (kU∗ )K U U U U



μ μ ∗ ¯ + f (kU )KU − f 0 (kU∗ )K μ + 1 − KU + τ μ (K μ − K), ¯ = f 0 (kU∗ )K U U U kU∗ kU∗



μ μ μ μ μ ¯ WNμ = f 0 (KN )KN + f (KN ) − f 0 (KN )KN + (f 0 (kU∗ ) − τUμ )(KUμ − K) μ μ ¯ − K μ ). = f (KN ) + f 0 (KN )(K N



The comparison gives WUμ



− WUa



=



µ



¶ ¯ − Kμ K f (kU∗ ) μ 0 ∗ U ¯ ¯ − f (k ) (K − K) + + τUμ (KUμ − K). U U kU∗ kU∗ 34



¡ ¢ ∗ ) K ¯ − K μ 2 ≥ 0. Substituting (16) and using (6), we have WUμ − WUa = −f 00 (kN U Furthermore, the comparison of WNμ and WNa gives



μ ¯ + f 0 (K μ )(K ¯ − K μ ). WNμ − WNa = f (KN ) − f (K) N N



Combined with the strict concavity of f (·), WNμ − WNa takes a non-negative value, from which we



find that the market integration benefits country N .27 Note that Wiμ = Wia holds true if and only if



μ ¯ KUμ = KN = K.



¯ < K μ , a similar procedure can be applied, which leads to Proposition 4. When KUμ < K N



Appendix G: Proof of Proposition 5 μ μ Assume that the capital market is integrated. Then, we readily have f 0 (KN ) = f 0 (kN ) = f 0 (kU∗ )−τUμ > ∗ ) = f 0 (K m ), which yields K μ < K m and hence K μ > K m . Moreover, this results in f 0 (kU∗ ) = f 0 (kN N N U N U



LμU = KUμ /kU∗ > KUm /kU∗ = Lm U . That is, country U has more capital and thus higher employment under the tax game than under the laissez-faire economy, and country N has less capital under the m = 2K, ¯ we have K m < K. ¯ tax game than under the laissez-faire economy. From (27) and KUm + KN U μ m . Thus, a simple comparison of welfare levels yields In addition, we already know that KN < KN



¡ ¢ ¢ ¡ ∗ ¯ + (wU WUμ − WUm = τU KUμ − K − 1) LμU − Lm U = −f



00



∗ (kN )



¡ ¢ ¯ − K μ N + (wU∗ − 1)Lm K U U



µ ¯ ¶ K − 1 > 0, KUm



which proves the former result. The welfare comparison in country N gives μ μ 0 μ m m m 0 m ¯ 0 (K μ ) − f 0 (KN WNμ − WNm = K[f )] + f (KN ) − KN f (KN ) − f (KN ) + KN f (KN ). N μ ¯ we have ≥ K), If country N imports capital under the tax/subsidy game (KN μ 0 μ μ μ 0 μ m m m 0 m WNμ − WNm ≤ KN [f (KN ) − f 0 (KN )] + f (KN ) − KN f (KN ) − f (KN ) + KN f (KN ) μ μ m m m = f (KN ) − f (KN ) − f 0 (KN )(KN − KN ) < 0,



where the last inequality comes from the concavity of f (·). If country N exports capital, the welfare eﬀect of the tax game is ambiguous for country N .



27



μ ¯ holds in equilibrium. Then, f(K μ ) − f (K) ¯ > 0 and f 0 (K μ )(K μ − K) ¯ > 0. Because of the Assume that KN >K N N N



μ ¯ is greater than f 0 (K μ )(K μ − K), ¯ which results in W μ > WNa . Correspondingly, ) − f (K) strict concavity of f (·), f (KN N N N



μ ¯ is assumed in equilibrium, f (K μ ) − f (K) ¯ < 0 and f 0 (K μ )(K μ − K) ¯ < 0 hold. As f (·) is strictly concave, 


μ a > WN . the latter is greater than the former in terms of the absolute value. Thus, WN



35



1 2



1



1 1



2



/



Invalid



1



0



0.5



Figure 1. Capital flow in the integrated market with active governments. Note. When is large (small), implying that the trade union has strong (weak) concern for the wage rent over the level of employment, then the unionized country exports (imports) capital ( ), and thus the non-unionized ). country imports (exports) capital (



Online-Appendixes Appendix I: Two unionized countries. Suppose now that country N is also unionized, where the union in country N has the objective function UN = 0 β0 LN1 (wN − 1)β2 . Letting β 0 denote β10 /β20 , the wage rate in country N is given by 2 00 wN = 1 − β 0 kN f (kN )



and kN is determined by



2 00 f (kN ) − kN f 0 (kN ) = 1 − β 0 kN f (kN ).



(I-1)



We assume that β > β 0 , which implies that the union in country U puts greater importance on employment than that in country N . From the condition (iii) in Section 2 of the paper, we readily know that a higher β results in ∗ ∗ higher ki and wi . Therefore, country U has a higher wage and a lower capital price under autarky (kU > kN > K, ∗ ∗ a a wU > wN and rU < rN ). When capital becomes mobile between countries, capital flows from country U to country N . Still, in any equilibrium with interior solutions, if any, the capital per labor, k, is determined by (6) of the paper in country U and (I-1) of this note in country N , and the resulting diﬀerence in capital prices does not disappear. This implies that we have only equilibrium with corner solutions and there are three possibilities: first, all capital locates in country N . Second, all workers in country U get unemployed. Third, employment in country N increases to attain full employment. However, from assumptions regarding the production function and the union’s objective function, the first and second possibilities can’t become equilibrium. In the third possibility, the union makes the highest possible wage oﬀer while sustaining full employment. On the other hand, capital inflow to country N continues m m ∗ m until capital prices are equalized between countries (rU = rN ), resulting in f 0 (kU ) = f 0 (kN ). Hence, we have ∗ m m kU = kN = KN , which implies that the equilibrium allocation under capital mobility in this note is exactly the ∗ m m ∗ same as that described in the paper. Then, from kU = kN = KN > kN > K, we can show Propositions 1 and 2 in similar ways to those explained in Appendices B and C of the paper. Suppose next that governments are active. Under autarky, they have no incentive to tax/subsidize capital because of capital immobility. When capital is mobile, they have an incentive to tax/subsidize capital. In this case, we can readily show that ∂r/∂τi = −1, ∂wi∗ /∂τi = 0, ∂Ki /∂τi = 1/f 00 (ki∗ ), and ∂Li /∂τi = 1/(ki∗ f 00 (ki∗ )). Hence, the first-order condition that determines the tax rate in country i is given by ∗ ∂Wi ¯ ∂r + Li ∂wi + (wi∗ − 1) ∂Li + Ki + τi ∂Ki =K ∂τi ∂τi ∂τi ∂τi ∂τi ∗ w τ − 1 i i ¯+ = −K + Ki + 00 ∗ = 0. ki∗ f 00 (ki∗ ) f (ki )



Hence, we have the tax rate in country i as ¯ − K μ ) + Bki∗ f 00 (ki∗ ) τi = f 00 (ki∗ )(K i where B=



½ β β0



for country 1 . for country 2



Thus, we obtain the welfare under capital mobility when governments are active: μ μ ∗ ¯ + f (ki )Ki − f 0 (ki∗ )K μ + 1 − Ki + τ μ (K μ − K). ¯ Wiμ = f 0 (ki∗ )K i i i ki∗ ki∗



In autarky, we have ¯ + (f (ki∗ ) − ki∗ f 0 (ki∗ ))Lai + 1 − Lai Wia = f 0 (ki∗ )K ∗ ¯ ¯ ¯ + f (ki )K − f 0 (ki∗ )K ¯ +1− K. = f 0 (ki∗ )K ∗ ki ki∗



1



The comparison gives ¶ ¯ − Kμ f (ki∗ ) K μ 0 ∗ i ¯ ¯ − f (k ) (K − K) + + τiμ (Kiμ − K) i i ki∗ ki∗ ¡ ¢ ¯ − Kμ 2 = −f 00 (ki∗ ) K



Wiμ − Wia =



µ



i



where the last equality comes from (6) of the paper in country U and (I-1) of this note in country N . Hence, we have Proposition 4. ∗ ∗ ∗ ∗ Because we already know that kU > kN , the equilibrium condition that f (kU ) − τU = f (kN ) − τN implies that μ μ m m τU < τN . Hence, we can see that KU > KU and KN < KN . Therefore, in a very similar way to the proof given in Appendix G of the paper, we can prove Proposition 5.



Appendix II: Elastic supply of capital. In the baseline model, we have assumed that capital owners supply their capital inelastically. However, capital taxation may aﬀect their incentives to supply capital. This appendix checks the robustness of our main results against relaxing the assumption of inelastic capital supply. Because the introduction of elastic capital supply may change the equilibrium allocations both with and without active governments, we examine whether the results shown in Proposition 1 and 4 still hold. Here, we employ a simple reduced form approach. Suppose that capital owners can supply their (capital) ¯ either to the capital market or to an outside opportunity. The outside opportunity leads to output endowments, K, in terms of the numéraire, the level of which is given by an exogenous function, φ(κi ), where κi represents the units of endowments supplied to the outside opportunity and φ(·) satisfies φ0 (·) > 0 and φ00 (·) ≤ 0. We assume that φ(·) ¯ − κi units of endowments are supplied to the capital market. is the same across two countries. In each country, K Then, the governments’ objective functions are given by ¯ − κU ) + (wU − 1)LU + τU KU + 1 + φ(κU ), WU = rU (K ¯ − κN ) + wN + τN KN + φ(κN ). WN = rN (K ¯ = Ki + κi , and under capital market integration, it Under autarky, the resource constraint requires that K ¯ requires that 2K = KU +KN +κU +κN . This alters the second stage of the tax game, wherein the capital distribution is determined: the capital owners’ arbitrage leads to the equalization of marginal returns from endowments, i.e., φ0 (κi ) = f 0 (ki ) − τi . Note that the third and fourth stages are the same as those in the baseline model. We begin from the case of inactive governments who do nothing in the first stage. Solving backwards shows ∗ e a and K ea that the capital supply under autarky is determined by φ0 (κU ) = f 0 (kU ) and φ0 (κN ) = f 0 (KN ). Let K U N denote the supply of capital determined by the former and latter, respectively. We use a tilde to represent the case ¯ −K e a . The resource constraint of inactive governments with an outside opportunity. Then, κi is given by κ eai ≡ K i a a e ¯ e ¯ requires that KU < K and KN < K. Welfare levels then become ea K ∗ fUa = (f (kU ) − 1) ∗U + 1 + φ (e κaU ) , W kU a eN fNa = f (K ) + φ (e κaN ) . W



(II-1)



∗ In an integrated economy, the equalization of returns leads to φ0 (κi ) = f 0 (kU ) = f 0 (KN ), which determines the ∗ ∗ e m ≡ 2K ¯ − k∗ − 2e capital supply as KN = kU and KU = K κaU . Note here that κi is determined by φ0 (κi ) = f 0 (kU ) U U in both countries, implying that κi = κ eaU . The welfare levels are given by



em K ∗ fUm = (f (kU ) − 1) ∗U + 1 + φ (e κaU ) , W kU ∗ fNm = f (kU ) + φ (e κaU ) . W



(II-2)



∗ ∗ ¯ > K e a , we have φ0 (e ¯ < f 0 (K e a ) = φ0 (e From the assumption of kU > K κaU ) = f 0 (kU ) < f 0 (K) κaN ), which N N a a a a ∗ a e < K e . The relationship that k > K ¯ > K e > K e a yields implies that κ eU > κ eN . Hence, we know that K U N U N U



2



¯ − k∗ − 2e e a − k∗ < K e a . With these inequalities in hand, we obtain e m ≡ 2K κaU = 2K K U U U U U



∗ fUm − W fUa = f (kU ) − 1 (K e Um − K e Ua ) < 0, W ∗ kU ∗ a a fNa = f (kU eN ¯ −K e Ua ) − φ(K ¯ −K eN fNm − W ) − f (K ) + φ(K ) > 0, W



fm < W f a and W fm > W fa . from which we confirm that the results shown in Proposition 1 still hold true, i.e., W U U N N When governments are active, they anticipate changes in the capital supply when they decide on the capital tax rate. Under autarky, changes in the tax rate lead to corresponding changes in the capital supply ∂KU 1 < 0, = 00 ¯ ∂τU φ (K − KU )



∂KN 1 < 0. = 00 ¯ ∂τN φ (K − KN ) + f 00 (KN ) ¡ ¢ ∗ ∗ ¯ − KU with respect to τU , Country U ’s government maximizes welfare WUa = (f (kU ) − 1)KU /kU +1+φ K ¯ − KU ) = (f (k∗ ) − 1)/k∗ , yields considering ∂KU /∂τU . The corresponding first-order condition, φ0 (K U U ∗ ∗ ¯ − KU ) = f 0 (kU τUa = f 0 (kU ) − φ0 (K )−



∗ f (kU )−1 . ∗ kU



b a and κ ¯ − KU ) = (f (k∗ ) − 1)/k∗ and K ¯ −K b a , respectively, the Letting K baU denote KU that is determined by φ0 (K U U U U welfare level is described as ba K ∗ cUa = (f (kU W ) − 1) ∗U + 1 + φ (b κaU ) . (II-3) kU



We use a hat to represent the active government ¡ ¢case with an outside opportunity. Similarly, country N ’s government ¯ − KN with respect to τN , considering ∂KN /∂τN . By diﬀerentiating W a maximizes welfare WNa = f (KN ) + φ K N with respect to τN , we obtain ∂WN ¯ − KN )) ∂KN = τN ∂KN , = (f 0 (KN ) − φ0 (K ∂τN ∂τN ∂τN a = 0. The resulting welfare level is the which implies that country N ’s government chooses not to impose tax, τN same as that without an active government: a cNa = f (K eN W ) + φ (e κaN ) .



(II-4)



∗ When the capital market is integrated, equalization of returns leads to φ0 (κi ) = f 0 (kU ) − τU = f 0 (KN ) − τN = r. ∗ ∗ From this, the eﬀects of tax rate changes on kU , kN , KN , r, wU and wN are the same as those in the benchmark model (that are described in Appendix D). However, because the capital input level in country U , KU , is given by ¯ − KN − κU − κN and ∂κi /∂τi = −1/φ00 (κi ), the eﬀects on KU are given by ∂KU /∂τi = −(∂KN /∂τi + KU = 2K ∂κU /∂τi + ∂κN /∂τi ) < 0. The first-order condition of welfare maximization by country U ’s government yields



¯ −K bμ − κ τUμ = (K bμU ) U



1 w∗ − 1 − U∗ , ∂KU /∂τU kU



leading to the following welfare level:



∗ 1 ¯ −κ ¯ −K bμ − κ c μ = f (kU ) − 1 (K bμU ) − (K bμU )2 + 1 + φ(b κμU ). W U U ∗ kU ∂KU /∂τU



(II-5)



In contrast, the tax eﬀect on country N ’s welfare is again given by ∂WN ∂KN = τN , ∂τN ∂τN μ = 0. The resulting welfare level is implying τN



c μ = f 0 (K b μ )(K ¯ −K bμ − κ b μ ) + φ(b W bμN ) + f (K κμN ). N N N N 3



(II-6)



Simply comparing (II-3) with (II-5), and (II-4) with (II-6), we obtain ∗ f (kU 1 )−1 a + φ(b κμU ) − φ (b κaU ) + (b κU − κ bμU ) ∗ ∂KU /∂τU kU 1 ¯ −K bμ − κ = −(K bμU )2 + φ(b κμU ) − φ (b κaU ) + φ0 (b κaU ) (b κaU − κ bμU ). U ∂KU /∂τU c a = f (K b μ ) − f (K e a ) + f 0 (K b μ )(K ¯ −K bμ − κ cμ − W bμN ) + φ(b κμN ) − φ (e κaV ) W N N N N N N a b μ ) − f (K eN b μ )(K ¯ −K b μ ) − φ0 (b = f (K ) + f 0 (K κμ )b κμ + φ(b κμ ) − φ (e κaN ) .



cUa = −(K ¯ −K bμ − κ cμ − W bμU )2 W U U



N



N



N



N



N



N



Now consider a sequence of continuously twice diﬀerentiable functions, {φn }, defined on R, and assume that φn satisfies that φ0n > 0 and φ00n ≤ 0 for all n. Define a linear function of x ∈ R as φb = φx, where φ is a constant. b Then, the welfare diﬀerences converge to Assume that {φn } uniformly converges to a linear function φ. 1 ≥ 0, ∂KU /∂τU a cNa → f (K b μ ) − f (K eN b μ )(K ¯ −K b μ ) − φe WNμ − W ) + f 0 (K κaN N N N a a b μ ) − f (K eN b μ )(K ¯ −K b μ ) − f 0 (K b μ )(K ¯ −K eN = f (K ) + f 0 (K ) cUa → −(K ¯ −K bμ − κ bμU )2 WUμ − W U N



N



N



N



a a eN b μ )(K eN b μ ) ≥ 0. b μ ) − f (K ) + f 0 (K −K = f (K N N N



cμ − W c a ≥ 0 and W cμ − W c a ≥ 0, when Hence, we know that the results shown in Proposition 4 hold true, i.e., W U N U N φ(·) is suﬃciently close to a linear function (see Appendix I). Thus, our results remain valid as long as the marginal return from the outside opportunity does not drastically change with respect to the capital supply.



Appendix III: Alternative timing of the model. We now consider the case where integrated capital market. Let f (ki ) = (A − ki )ki . Then, we have f 0 (ki ) = A − 2ki and f 00 (ki ) = −2. Using these equations, equations (1) and (2) become ri = A − 2ki − τi ,



wi =



ki2 .



(III-1) (III-2)



Total diﬀerentiation of (III-2) gives dki 1 = dwi 2ki



(III-3)



¯ − KU ) − τN . Using (III-1), we The condition for capital allocation satisfies f 0 (kU ) − τU = f 0 (kN ) − τN = f 0 (2K have ¯ − KU ) − τN A − 2kU − τU = A − 2(2K ¯ + 2kU LU − τN . = A − 4K Solving the equation above with respect to LU , we obtain LU =



¯ − 2kU − τU + τN 4K . 2kU



(III-4)



Total diﬀerentiation of (III-4) (using (III-3) and dτU = dτN = 0) provides ¯ − τU + τN dkU ¯ − τU + τN 4K 4K ∂LU =− =− . 2 3 ∂wU 2kU dwU 4kU



(III-5)



The maximization problem of trade union is formulated as maxwU LβU1 (wU − 1)β2 subject to (III-2) and (III-4). The first-order condition is ∂LU + βLU = 0, (III-6) (wU − 1) ∂wU 4



where β ≡ β2 /β1 . Using (III-4), (III-5) and (III-6), we arrive at 2 −1+ Q(kU , τU , τN ) ≡ (1 − 2β)kU



3 4βkU = 0. ¯ 4K − τU + τN



(III-7)



Without active government (τU = τN = 0), (III-7) becomes 2 Q(kU , 0, 0) ≡ (1 − 2β)kU −1+



3 βkU = 0, ¯ K



(III-8)



¯ (LU = 0 when kU = 2K ¯ and τU = τN = 0). Since Q(1; 0, 0) = (1/K ¯ −2)β where the domain of (III-8) is kU ∈ [1, 2K] 2 ¯ ¯ ¯ and Q(2K; 0, 0) = 4K − 1, it is suﬃcient for an existence of equilibria to satisfy K > 1/2. Then, the equilibrium ∗ value kU is constant. Therefore, all results before the Subsection 4.2 are unvarying. With active government, (III-7) provides union’s response function with respect to capital tax rates by implicit function theorem. Partial diﬀerentiation of (III-7) and evaluation of it using (III-7) gives ¯ 2 ∂Q ¯¯ 2 4βkU Q1 ≡ = + ¯ − τU + τN > 0, ∂kU ¯(III−7) kU 4K ¯ 3 2 ∂Q ¯¯ 4βkU 1 − (1 − 2β)kU Q2 ≡ = = ¯ 2 ¯ − τ U + τN ) ¯ − τU + τN > 0, ∂τ2 (III−7) (4K 4K ¯ 3 2 ∂Q ¯¯ 4βkU 1 − (1 − 2β)kU Q3 ≡ = − = − (III-9) ¯ − τU + τN )2 ¯ − τU + τN < 0. ∂τN ¯(III−7) (4K 4K Using (III-9), we obtain



∂kU Q2 =− < 0, ∂τU Q1 ∂kU Q3 =− > 0. ∂τN Q1 Total diﬀerentiation of (III-1), (III-2), (III-4) and kU ≡ KU /LU (and dτN = 0) lead to ∂rU ∂τU ∂wU ∂τU ∂LU ∂τU ∂KU ∂τU



∂kU − 1, ∂τU ∂kU = 2kU < 0, ∂τU ∙ ¸ 1 ∂kU ¯ = − 2 kU + (4K − τU + τN ) , 2kU ∂τU ∂kU ∂LU 1 ∂kU = LU + kU =− − . ∂τU ∂τU 2 ∂τU = −2



(III-10)



Similarly, we have ∂LU ∂τN ∂KU ∂τN ∂KN ∂τN ∂rN ∂τN ∂wN ∂τN



∙ ¸ 1 ∂kU ¯ = 2 kU − (4K − τU + τN ) , 2kU ∂τN ∂kU ∂LU 1 ∂kU = LU + kU = − , ∂τN ∂τN 2 ∂τN ∂kN ∂KU = =− , ∂τN ∂τN ∂kN ∂KN = −2 − 1 = −2 − 1, ∂τN ∂τN ∂kN ∂KN = 2kN = 2KN . ∂τN ∂τN



5



(III-11)



The partial derivatives of (8) and (9) are ∂rU ¯ ∂wU ∂LU ∂WU ∂KU = LU + (wU − 1) + KU + τU , K+ ∂τU ∂τU ∂τU ∂τU ∂τU ∂rN ¯ ∂wN ∂KN ∂WN = + KN + τN . K+ ∂τN ∂τN ∂τN ∂τN



(III-12)



Inserting (III-10) and (III-11) into (III-12), we have µ ¶ ∂WU ¯ ∂kU − K ¯ + 2KU ∂kU + (wU − 1) ∂LU + KU − τU 1 + ∂kU = −2K ∂τU ∂τU ∂τU ∂τU 2 ∂τU ¶ µ ¶ µ ³ ´ ∂kU wU − 1 ∂kU ¯ − τU = KU − K − 1 + 2(1 + LU ) 1+2 2 ∂τU 2kU ∂τU µ ¶ ¶ µ ¶ µ 1 ∂kU w ∂k ∂kU − 1 ¯ 1+2 U − U = −τU + (KU − K) 1 + 2(1 + LU ) + 2 ∂τU ∂τU 2kU ∂τU µ µ ¶ ¶ µ ¶ ∂k 1 ∂kU βk L ¯ 1 + 2 U − U U 1 + 2(1 + LU ) ∂kU . = −τU + (KU − K) + 2 ∂τU ∂τU 1 + LU ∂τU Similarly, we obtain ∂WN ¯ ∂KN − K ¯ + 2KN ∂KN + KN + τN ∂KN = −2K ∂τN ∂τN ∂τN ∂τN ³ ´ ∂K τ N ¯ + 2 KN − K ¯+ N = KN − K 2 ∂τN ¶ µ ³ τN ´ 1 ∂kU ¯ ¯ = KN − K − 2 KN − K + − 2 2 ∂τN µ ¶ 1 ∂kU ¯ − KN ) ∂kU . = −τN − 2(K − 2 ∂τN ∂τN µ ¶Á µ ¶ 1 ∂kU 2βkU LU 1 ∂kU ¯ , + (1 + LU ) + τU = 2(KU − K) − 1 + LU 2 ∂τU 2 ∂τU Áµ ¶ 1 ∂kU ¯ ∂kU τN = 2(KN − K) . − ∂τN 2 ∂τN



(III-13)



Note that we have −



2 2 1 1 − (1 − 2β)kU [1 − (1 − 2β)kU ∂kU ]k1 = − =− < 2 ) < 0, ¯ − τU − τN + 2βk3 ) 2 ∂τU 4(1 + LU + βkU 2(4K U



2 2 1 − (1 − 2β)kU ∂kU [1 − (1 − 2β)kU 1 ]kU = = < , 2 3 ¯ ∂τN 4(1 + LU + βkU ) 2 2(4K − τU − τN + 2βkU ) 2 2 1 ∂kU (1 + LU )[1 − (1 − 2β)kU ] + 2βkU = + (1 + LU ) > 0. 2) 2 ∂τU 4(1 + LU + βkU



0



Proposition (that corresponds to Proposition 3). When governments are active, the unionized country subsidizes capital and the non-unionized country employs a capital tax/subsidy instrument according to the import/export size of capital input under the capital market integration. ¯ > KN ⇒ kU > K ¯ > KN . Then, we obtain τN < 0. These (Proof) Let be τU ≥ 0. From (III-13), we have KU > K results provide KN − kU < 0 and τU − τN > 0. This contradicts KN − kU = (τU − τN )/2. Therefore, τU < 0 holds. Equation (III-13) shows that the capital tax rate in the non-unionized country depends on KN − K. If KN > K (capital import), the non-unionized country imposes a capital tax. In contrast, the non-unionized country employs a capital subsidy.
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a kU 1.26746 m kU 1.26746 μ kU 1.28675



LaU 0.89354 Lm U 0.89354 LμU 0.98036



KUa 1.20000 KUm 1.13254 KUμ 1.13852



a KN 1.20000 m KN 1.26746 μ KN 1.28614



τU −0.31426



τN −0.01781



WUa 3.29999 WUm 3.29999 WUμ 3.33533



WNa 3.36000 WNm 3.36454 WNμ 3.36487



WUa + WNa 6.65999 WUm + WNm 6.66454 WUμ + WNμ 6.70020



¯ = 1.2) Table 1. Numerical Example (A = 4, β = 0.4, and K



a kU 1.17625 m kU 1.17625 μ kU 1.21737



LaU 0.53029 Lm U 0.53029 LμU 0.68503



KUa 0.90000 KUm 1.17625 KUμ 0.96606



a KN 0.90000 m KN 0.62375 μ KN 0.83393



τU −0.47850



τN 0.02413



WUa 2.68615 WUm 2.68615 WUμ 2.77052



WNa 2.79000 WNm 2.86631 WNμ 2.79596



WUa + WNa 5.47615 WUm + WNm 5.55247 WUμ + WNμ 5.56648



¯ = 0.9) Table 2. Numerical Example (A = 4, β = 0.4, and K



Five equations (III-4), (III-7), (III-13), and KN −kU = (τU −τN )/2 provide equilibrium value of kU , LU , KN , τU and τN under the capital market integration with active government. It is diﬃcult to show the results correspond ¯ β to Proposition 4 and 5 using by analytical approach because the sign of τ2 depends on the qualitative size of K, and so on. Using Mathematica, we provide numerical solutions for above system in Table 1 and Table 2, in which the total amount of the economy is changed in two tables. In Table 1, comparison between superscript (a) and (μ) leads to WUμ > WUa , WNμ > WNa and WUμ + WNμ > a WU + WNa , which confirms Proposition 4. Comparison between superscript (m) and (μ) also leads to WUμ > WUm , ¯ > 0 holds, implying WNμ > WNm and WUμ + WNμ > WUm + WNm , which confirms Proposition 5. Note here that KN − K country N imports the capital. In Table 2, comparison between superscript (a) and (μ) leads to WUμ > WUa , WNμ > WNa and WUμ + WNμ > WUa + WNa , which is consistent with Proposition 4. In addition, comparison between superscript (m) and (μ) also leads to WUμ > WUm , WNμ < WNm and WUμ + WNμ > WUm + WNm , which confirms ¯ < 0 holds, implying that country N exports the capital. Proposition 5. Note here that KN − K Based on these examples, we can expect that the timing of tax policy and capital allocation aﬀects the quantitative results of our model but does not seriously influence our qualitative results.



Appendix IV: Tax and welfare diﬀerence. μ a The first part of our result is obvious because τUa = τN = τN = 0 and τUμ < 0 (see Proposition 3). The diﬀerence in welfare under autarky is given by ∗ ) − 1) WUa − WNa = (f (kU



¯ K ¯ ∗ + 1 − f (K). kU



∗ ¯ holds in an unemployment equilibrium. We now prove W a < W a for k∗ > K. ¯ Let k∗ = K. ¯ Note that the kU >K U N U U a a a a ∗ Then, we obtain WU − WN = 0. The diﬀerentiation of WU − WN with respect to kU provides ∗ ∗ 0 ∗ ¯ (f (kU ∂(WUa − WNa ) ) − kU f (kU ) − 1)K =− < 0. ∗ ∗ 2 ∂kU (kU ) ∗ ¯ Because the continuity of WUa − WNa , we arrive at WUa < WNa for kU > K.



7



The diﬀerence in welfare under integrated capital market with active governments using by (6) and (16) is μ ∗ − 1)LμU + τUμ KUμ + 1 − wN WUμ − WNμ = (wU μ ∗ 00 ∗ ∗ ∗ 00 ∗ ¯ − K μ ) + βkU = −βkU f (kU )KUμ + [f 00 (kN )(K f (kU )]KUμ + 1 − wN U ∗ ¯ − K μ )K μ + 1 − f (K μ ) + K μ f 0 (K μ ) = f 00 (kN )(K U U N N N ∗ ¯ − K μ )(2K ¯ − K μ ) + 1 − f (K μ ) + K μ f 0 (K μ ) = −f 00 (kN )(K N N N N N μ N μ ¯ μ 00 ∗ 00 ∗ ¯ ¯ = −f (kN )(K − K ) − f (kN )(K − K )K + 1 − f (K ) + K μ f 0 (K μ ). N



N



N



N



N



If the production function is quadratic, the equation above is reduced to μ 2 ¯ μ + 1. ) − 6KK WUμ − WNμ = (KN N μ 2 ¯ μ + 1 with respect to K μ , we have the critical values ) − 6KK Solving (KN N N p p ¯ − 9K ¯ 2 − 1 and K ´ μ = 3K ¯ + 9K ¯ 2 − 1. ` μ = 3K K N



N



μ ¯ if K ¯ ≤ 1/3. If K ¯ > 1/3, K ´ μ > 2K ¯ holds. Furthermore, we have K ` μ > 2K ¯ ∈ [0, 2K] Note that WUμ −WNμ > 0 for KN N N √ √ μ μ μ ` > 2K ¯ for K ¯ > 1/3. Therefore, we arrive at W − W > 0 for if 2/4. Because 2/4 − 1/3 > 0, we obtain K N U N μ ¯ and K ¯ ∈ R++ (however, another restriction of parameter β requires the upper bound of K; ¯ sup K.). ¯ KN ∈ [0, 2K] We now get back to the analysis on the welfare diﬀerence. The second-order Taylor expansion leads to μ μ 2 00 ¯ ¯ − K μ ) + f (KN )(K − KN ) . ¯ = f (K μ ) + f 0 (K μ )(K f (K) N N N 2



Using (18) and above equation, ¯ − K μ )2 f 00 (kV∗ )(K ∗ N ¯ − K μ )K ¯ + 1 − f (K) ¯ + Kf ¯ 0 (K μ ) )(K − f 00 (kN N N 2 1 μ ¯ − K μ )2 . = WUa − WNa − f 00 (KN )(K N 2



WUμ − WNμ = −



Hence, (WUμ − WNμ )2 − (WUa − WNa )2



∙



μ ¯ − K μ )2 ¸2 )(K f 00 (KN N = −f − − + 2 ∙ μ ¯ − K μ )2 ¸ )(K f 00 (KN μ μ 2 00 a a N ¯ = f (KN )(K − KN ) WN − WU + . 4 00



μ ¯ (KN )(K



μ 2 KN ) (WUa



WNa )



(IV-1)



If the production function is f (ki ) = (A − ki )ki , the square brackets in (IV-1) is reduced to WNa − WUa +



μ ¯ − K μ )2 )(K f 00 (KN N 4



¯ − K μ )2 ¯ (K K ∗ ∗ N ¯ K ¯ − 1 − [(A − kU = (A − K) )kU − 1] ∗ − kU 2 ¯ − K μ )2 ¯ (K K ∗ ¯ N ¯ 2 − 1 + kU = −K K+ ∗ − kU 2 µ ¶ μ 2 ¯ ∗ ¯ K ¯ − U − (K − KN ) ≡ J(K). ¯ = (kU − K) ∗ kU 2



μ μ ∗ ¯ + (1 − β)k∗ )/2. If k∗ = K/(1 ¯ ¯ holds. Using these equations, Recall kU = (1 − 2β)−1/2 and KN = (K − β), KN =K U U we obtain ∗ 2 ] [(1 − β)kU < 0 ⇔ (WUμ − WNμ )2 > (WUa − WNa )2 , 8 ∗ ∗ 2 J((1 − β)kU ) = β[(1 − β)(kU ) − 1] > 0 ⇔ (WUμ − WNμ )2 < (WUa − WNa )2 .



J(0) = −1 −
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∗ ∗ ∗ ¯ = 0, the critical points changing the Note J 0 (0) = (3 − 2β)kU + 1/kU > 0 and J 0 ((1 − β)kU ) = 0. Solving J(K) sign of welfare diﬀerence are



" µ # ¶ s 2 247(1 − β) 4 1 − β 9 ¯` = − K 4 √ − , 9 16(1 − 2β) 2 1 − 2β " µ # ¶ s 2 1 − β 247(1 − β) 9 4 ´¯ = + 4 √ − . K 9 16(1 − 2β) 2 1 − 2β Therefore, we can summarize these results as follows: ¯ ≤K ¯` ⇔ (W μ − W μ )2 ≥ (WUa − WNa )2 , 0


U



N



N



∗ ¯` < (1 − β)k∗ . If K ¯´ < sup K, ¯ the relation above holds without change. If Because J 0 ((1 − β)kU ) = 0, we have K ´ ¯ > sup K, ¯ we have K



`¯ ⇔ (W μ − W μ )2 ≥ (W a − W a )2 , ¯ ≤K 0


Appendix V: Public goods provision. Under the tax rates given in the text (those under the tax game with public goods provision), the welfare becomes i2 ¯ f (k∗ ) − k∗ − 1 f 00 (K μP ) h K ∗ U U N ¯ 0 (kU ¯ − (1 + ε)K μP , WUμP = 1 + Kf )+ ∗ − K U kU 1+ε 1+ε µ ¯ ¶ K μP μP μP μP μP μP 00 μP 0 ¯ f (KN ). WN = f (KN ) + f (KN )(K − KN ) + ε − KN KN 1+ε The diﬀerence in welfare under autarky with that under capital mobility are given by i2 ∗ h ¯ ε f 00 (kU K ) ¯ ∗ ∗ ) + εf 0 (kU ) − 1) , K − (1 + ε)KUμP − ∗ (f (kU 1+ε kU 1 + ε ¶ ∙µ ¯ ¸ K μP μP μP μP μP 00 μP 0 0 ¯ ¯ ¯ ¯ = f (KN ) − f (K) + f (KN )(K − KN ) + ε − KN KN f (KN ) − Kf (K) . 1+ε



WUμP − WUaP = − WNμP − WNaP



The last terms of these equations represent the eﬀects of tax competition. If ε =¯ 0, these terms disappear,¯and this ¯ ¯ > 0 and WNμP − WNaP ¯ > 0. case corresponds to the case described in Section 4, implying that WUμP − WUaP ¯ ε=0 ε=0 Hence, for a suﬃciently small ε, we again have Proposition 4. However, when ε is large, there exists a possibility that losses from tax competition dominate the gains from capital mobility. Below, we show an example of such h i2 ¯ > (1 + ε)K μP . Then, from the facts that K ¯ − (1 + ε)K μP < K ¯ 2 and case. Now focus on the case where K U



U



∗ ∗ f (kU ) + εf 0 (kU ) − 1 > 0, we have



WUμP − WUaP < −



∗ ¯ ε ) ¯2 K f 00 (kU ∗ ) − 1) − (f (k K , U ∗ kU 1 + ε 1+ε



which implies that WUμP − WUaP < 0 if ε > −
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∗ 00 ∗ ¯ f (kU )K kU ∗ ) − 1 ( > 0). f (kU



00 ¯ > (1 + ε)K μP implies that K ¯ < K μP . Then, letting f f denote maxK ∈[0,2K] Moreover, K ¯ [−KN f (KN )], we can U N N see that1 ¡ ¢ μP ¯ + ε 2Kf ¯ f − Kf ¯ 0 (K) ¯ WNμP − WNaP < f (KN ) − f (K) ¡ ¢ ¯ − f (K) ¯ + ε 2Kf ¯ f − Kf ¯ 0 (K) ¯ , < f (2K)



which implies that



¯ ¯ ¯ f < Kf ¯ 0 (K) ¯ and ε > f (2K) − f (K) ( > 0). WNμP − WNaP < 0 if 2Kf ¯ − 2Kf ¯ f ¯ 0 (K) Kf Thus, when the relative preference for public goods, ε, is large, it is possible that losses from tax competition dominate gains from capital mobility, and both countries would prefer autarky to capital mobility.



1 From the assumptions made in Section 2 (i.e., f 00 (·) is finite and diﬀerentiable), f 00 (·) must attain a maximum and minimum at ¯ least once in a closed interval [0, 2K].
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