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Abstract We investigate non-cooperative capital taxes when it is rationally anticipated that capital will be mobile across tax jurisdictions in the future. This problem has not been investigated before in spite of its importance and relevance for emerging economies and the ongoing economic integration in Europe and elsewhere. Our study emphasizes that capital taxes that are levied prior to capital market integration (CMI) taking place affect, among others, capital stocks and tax revenues in other tax jurisdictions after CMI has occurred. This gives rise to an intertemporal tax externality, which may lead, ceteris paribus, to too high non-cooperative capital taxes prior to CMI. This neglected intertemporal externality arises from the effects of capital taxes on private income and, thereby, on savings and aggregate supply of capital over time, for any given path of net real interest rates and future incomes. Our study could contribute to the further understanding of capital taxes in the last few decades when there has been an ongoing process of CMI worldwide.
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Introduction



Capital taxation1 has been the subject of a very large literature both in macroeconomics and public economics.2 However, this literature have mainly focused on an environment where capital mobility does not increase during the tax-setting horizon: despite the fact some papers compare the capital taxes across various capital mobility regimes, all existing models derive optimal capital (income) taxes of either a perpetually closed economy or permanently open economies.3 Nevertheless, events in the last few decades are a testament that this is not a plausible description of reality, with the institution of the European Economic area a notable example. In particular, the received research has not studied the implications for capital taxes of anticipated future incidents of capital market integration (CMI). This is very surprising given that any ensuing insights could be of paramount importance for emerging economies and the ongoing process of European integration. 1



This paper draws heavily upon work I have presented in a number of workshops and seminars. I would like



to thank Daniel Becker, Marie-Laure Breuillé, Saqib Jafarey, Christos Kotsogiannis, Ben Lockwood, Sebastien Mitraille, Apostolis Philippopoulos, Ludovic Renou, Christiane Schuppert, Alain Tranoy and participants at seminars in Warwick, Queen Mary (UK), Leicester, Exeter, City, Birmingham, Athens University of Economics and Business, Crete, Cyprus, Verona and at the IEB Workshop on Fiscal Federalism in Barcelona, June 2005, Decentralization, Governance and Economic Growth, the WZB-2007 Workshop on New Perspectives on Fiscal Federalism: Intergovernmental Relations, Competition and Accountabilityin Berlin, October 2007, the ESRC Public Economics Conference in Warwick, May 2008, the LAGV#7 Conference in Public Economics in Marseille, June 2008, and the PET 08 Conference in Seoul, June 2008, for very useful comments and discussions on previous versions of this work. The usual disclaimer applies. 2 For the seminal papers on capital income taxation in a closed economy see Judd (1985) and Chamley (1986). For more recent contributions in the macroeconomics literature, that analyze also capital taxes in open economies, see Correia (1996) and Klein et al. (2005). Regarding the public economics/finance literature on capital (income) tax competition, the seminal papers are Zodrow and Mieszkowski (1986) and Wilson (1986). For some excellent reviews see Wilson (1999) and Wilson and Wildasin (2004), and, for some more recent work, see Kessler et al. (2002), Lockwood and Makris (2006), Wooders et al. (2007), Bénassy-Quéré et al. (2007) and references therein. 3 For a related work, see Wildasin (2003) where capital taxation of a small open economy is studied in an environment with capital adjustment costs. There taxes will be higher the higher the capital adjustment costs. Importantly for our purposes, fiscal externalities are not discussed there and the world interest rate is exogenously given and time-invariant. Both fiscal externalities and endogenous world interest rates, however, are on central stage in our study and drive our results. For another related work, see also Lee (1997). That paper studies a two-period model where capital is perfectly mobile between tax jurisdictions in the first period and only imperfectly mobile in the second period.
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In this paper we attempt to fill this gap. We study capital taxes in the presence of rationally anticipated future CMI. By doing so, we emphasize the, previously neglected, intertemporal implications of capital taxes that are levied prior to CMI taking place for capital tax-bases and tax revenues across tax jurisdictions after CMI occurs. Recognizing the existence of these external effects is crucial because they may lead, as we highlight here, to inefficiently high capital taxes prior to CMI taking place. Briefly, the basic mechanism at work, we emphasize in this study, is the following: an increase in the current domestic capital tax reduces this period’s private income. This, in turn, by consumption smoothing, leads to a fall in savings and thereby a reduction in future capital stocks. Accordingly, when capital markets will actually be integrated, there will be lower future interregionally mobile capital-tax base and, thereby, public consumption across jurisdictions, for any given future income and, importantly, any given current and future net real interest rates. Therefore, capital taxes levied prior to CMI taking place give rise to a negative intertemporal externality. The presence of an intertemporal externality implies that an issue that arises naturally is whether capital taxes are too (inefficiently) low or high prior to CMI taking place. The answer to this might greatly influence existing debates about coordination of capital taxes, that have focused predominantly on coordination of taxes after incidents of multilateral abolition of capital controls but, importantly, not on coordination of taxes in the interim period immediately after the agreement for such abolitions and prior to the latter taking place.4 The prediction of our basic model is that national taxes should be multilaterally reduced immediately after the announcement of a future multilateral abolition of capital controls. A long-standing issue in the literatre on capital tax competition is whether capital tax reveues (and thereby public expenditures) are too low or too high across time. If indeed capital taxes decrease following (or are inefficiently too low under ) CMI, as it has often been argued in the literature on capital tax competition,5 a related implication of our study is that whether capital taxes are too low 4



See, for instance, OECD (1998) and European Commission (2001). For an excellent discussion of the debate in



Europe, see Nicodème (2006). 5 See the seminal papers of Zodrow and Mieszkowski (1986) and Wilson (1986). For more references on this literature see footnote 2. Note also here that the two alternative ways of describing the “race-to-the-bottom” result of Zodrow and Mieszkowski (1986) and Wilson (1986) - that is, in terms of comparing taxes in a closed economy and taxes under CMI, or in terms of comparing the taxes under CMI with their second-best efficient levels - are closely related. The reason is that the equilibrium of the closed-economy variant of the model in question coincides with the
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or too high on average across time will depend on the responsiveness of savings to changes in current income (which influences the extend of over-taxation prior to CMI) relative to the responsiveness of capital demand to changes in the capital’s user-cost (which influences the extend of under-taxation after CMI). This is ultimately an empirical albeit difficult issue: as our theoretical work implies, empirical studies will have to tackle the issue of serial correlation of cross-sectional capital taxes and the issue of identifying in the data discrete incidents of CMI in order to assess quantitatively the implications of CMI to capital taxes both prior and after the occurrence of these incidents. Such a task is outside the scope of this paper and is left for future research. In this paper we study capital taxes when capital mobility increases over time. The key point for the presence of an intertemporal externality of the type we emphasize here is that short-run policies (and capital taxes, in particular) affect current domestic savings and thereby have an impact (through the endogenous and common future interest rate) on other countries in the future. Given this observation, one can make three important points. First, comparison of two models, one without capital mobility and one with perfect capital mobility, would not lead to an infrence of the intertemporal externality we emphasize here. Second, decentralized issues of public debt and rents/wages taxation can also give rise to related intertemporal externalities. These are important externalities in their own right and studying them would deserve papers of their own. Due to space constraints, we thus refrain from discussing them further in what follows. Third, the intertemporal externality we emphasize here would even come about in a model with production and capital mobility in every period. In fact, an earlier version of our work was discussing this point in more detail. With capital being mobile in every period, on top of the negative intertemporal externality we emphasize here there is also the standard positive static externality studied in much detail in the received literature on capital tax competition.6 It turns out that in a dynamic environment, capital taxes under perfect capital mobility (in every period) might not be too low, as it is the prediction of the canonical capital tax competition model.7 The direction of the net externality will depend on which externality is stronger, the standard static one or the intertemporal one we highlight in second-best efficient outcome when capital is mobile across identical regions. 6 As it will become clear later on when we analyze our model, this positive externality is also present in our model but only after CMI takes place. 7 See footnote 5 for relevant references.
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our study here.8 We describe, in Section 2, and analyze, in Section 3, a stylized model of capital taxation with future CMI being rationally anticipated. This model formalizes the main channel at work in a transparent and easy to understand way. Given that the aim of this paper is to bring attention to the fact that taxation of capital when the latter is rationally anticipated to be mobile in the future may entail intertemporal externalities, we have deployed the simplest model for the task in hand. In Section 4 we discuss the robustness of the above mechanism. We clarify that the above intertemporal capital tax externality is still present in more general models where governments can issue public debt, tax labor income and policies must be time-consistent. However, in such models, there might be additional mechanisms that sometimes dampen and sometimes reinforce, depending on the environment, the intertemporal capital tax externality we identify in Sections 2 and 3. Finally, in Section 5 we suggest future research and some important extensions of our model, and conclude.
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The Model



We envisage an environment where at the beginning of some period t it is agreed between all tax jurisdictions to collectively abolish all capital controls from period t0 > t and onwards (with the decision taken as given in this paper). We leave the study of an envrionment where different subgroups of countries (jointly) liberalize their capital markets at different times for future work (see however Section 5 for a brief discussion of this case). We illustrate the key features and implications of the ensuing intertemporal capital tax externality, which is the focus of our paper, with a very stylized model of capital taxation. Our model is a simple generalization of the standard two-period capital tax competition model with variable capital supply. In that model, capital is perfectly mobile in the last (tax-setting) period and nothing happens in the first period except that savings out of a given endowment are determined; that is, there are essentially no governments in the first period. In our model, however, taxation and public good provision also occur in the first-period, but capital is not (yet) mobile across tax jurisdictions. Note here that the two-period assumption 8



Of course, under capital mobility in every period, the issue of serial correlation of cross-sectional capital taxes



we have raised above will still be valid.
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is only for expositional simplicity. Our result is robust to allowing for a multi-period, including infinite-horizon, environment.9 To fix ideas we will use throughout the paradigm of countries, which may be a more natural environment where mobility of capital between tax jurisdictions can increase within a tax-setting term. We will thus restrict also attention to source-based taxation of capital in the second period when capital is mobile. This can be justified with reference to administrative and tax compliance problems associated with taxing foreign-source income of residents.10 This assumption is also deployed by most of the received work on capital tax competition (see, for instance, Keen and Kotsogiannis, 2002). This assumption can also be motivated, in our case, by the EU debate on tax competition and withholding tax where it is recognized that sharing of tax-relevant information between member-countries is of paramount importance for the successful implementation of a residence-based tax.11 There are m > 1 identical countries, a single composite good and no uncertainty. Let subscripts t = 1, 2 and j = 1, 2, ..., m denote period t and country j respectively. Governments are benevolent. In each country, output of each period is produced with a constant returns to scale technology, using capital and an interregionally immobile and fixed in supply factor, say land, that is normalized to one. Denote the production technology (in its intensive form) with f [kt,j ] where kt,j ≥ 0 is the deployed capital (per-unit of the fixed factor) in period t and country j. Assume12 that f [kt,j ] is a twice continuously differentiable strictly increasing and concave function, with f [0] = 0 and the usual Inada conditions being satisfied. Capital is paid its marginal product, and so period-t 9 10



The details are available upon request For a model where the degree of information sharing between tax authorities for tax purposes is endogenously



determined to be zero, see Makris (2003). 11 See references in fn 4 for some discussions on this. In fact, the EU’s most recent initiative, the “EU Savings Tax Directive” is often seen as a second-best means of tax coordination, and requires member nations as well as some non-EU nations - to either impose a special tax on non-resident investors (and pass the revenue on to the country of residence) or to share information about the investment earnings of nonresidents with their respective governments. For some examples of this debate, see “Portugal pledges to resolve tax deadlock” by Peter Norman, The Financial Times, 7 January 2000, “UK to offer withholding tax” by Peter Norman, The Financial Times, 25 February 2000. For the details of the EU directive on the withholding tax, see http://eurlex.europa.eu/LexUriServ/LexUriServ.d?uri=OJ:L:2003:157:0038:0048:en:PDF 12 To distinguish between collected terms in multiplications and arguments of functions, we use, hereafter, parentheses for the former and square brackets for the latter.
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country-j payments to the fixed factor, i.e. rents, are given by f [kt,j ] − f 0 [kt,j ]kt,j . Denote by ρt,j the net rate of return to capital in period t and country j. For brevity, we will refer to ρt,j hereafter as the period-t interest rate in country j. Given that governments deploy a source-based capital tax in the second period, we can think of the government in country j possessing in each period t a per-unit tax on capital, τt,j , implying that the capital’s user-cost is ρt,j + τt,j .13 Firms in each country choose their capital to maximize profits taking as given the user-cost of capital. Accordingly, we have the usual arbitrage condition, f 0 [kt,j ] = ρt,j + τt,j .



(1)



This defines implicitly the demand for capital, denoted by k[ρt,j + τt,j ]. That is, kt,j = k[ρt,j + τt,j ]. Note that capital demand in period t and country j is a strictly decreasing function of the capital’s user-cost: k 0 = 1/f 00 [k] < 0. Let f [k[ρt,j + τt,j ]] − f 0 [k[ρt,j + τt,j ]]k[ρt,j + τt,j ] ≡ w[ρt,j + τt,j ] denote the equilibrium rents as a function of the capital’s user-cost. Note that w0 = −k < 0 : an increase in the user-cost of capital leads to a decrease in the current returns to the fixed factor. Each country is populated by a representative consumer who owns the whole fixed factor. The typical resident consumes in two periods after production in each period takes place. In each period, the total factor income is et,j ≡ wt,j + (1 + ρt,j )st,j , where st,j denotes the period-t − 1 savings which are carried forward in period t, and wt,j are the rents of period t. First-period savings, s2,j , are chosen by the representative consumer, while s1,j are the inherited savings brought forward in period 1 from the past. Recall that countries are assumed to be identical, and so s1,j = s1 for all countries j. Denote period-t consumption with ct,j . Consumers derive utility also from a local public good. Consumers’ welfare is additive separable in private and public consumption. Moreover, assume that preferences for private consumption are quasi-linear with no income effects on first-period consumption. We can generalize these preferences as long as they imply that optimal private savings are strictly increasing with current income. We deploy quasi-linear preferences only to simplify exposition.14 Specifically, 13



As it is well-known, in the absence of capital mobility, which is the case in the first period of our model, the



distinction between source-based and residence-based capital taxes is redundant, as they are equivalent up to an appropriate normalization. Moreover, under perfect capital mobility, which is the case in the second period of our model, a source-based tax system can be described equivalently in terms of a tax-wedge between the capital’s user-cost and the common net rate of return to savings. 14 See fn 15 also on this.
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let preferences be u[c1,j ] + βc2,j + H[g1,j , g2,j ], where u and H are strictly increasing and concave functions, β ∈ (0, 1] is the discounting factor and gt,j ≥ 0 is the period-t level of local public good in country j. Assume also that the public good is sufficiently valued to ensure positive provision in each period. Normalize the price of consumption to one. Let c[ρ2,j ] denote the first-period consumption that is consistent with maximization of utility subject to the intertemporal budget constraint for given interest rates and total factor incomes over the two periods. Note that c0 [ρ2,j ] ≤ 0 (almost everywhere). Therefore, optimal first-period savings in country j are given by s2,j = e1,j − c[ρ2,j ]. Importantly for our result, note that first-period savings are strictly increasing with current income. It will be useful to define w1,j + (1 + ρ1,j )s1 − c[ρ2,j ] ≡ s[ρ1,j , ρ2,j , w1,j , s1 ]. For brevity, hereafter, first-period savings will simply be referred to as savings. Next we discuss market-clearing. Assume in the basic model that there is no government debt; the extension of our model with public debt is briefly discussed in Section 4. In the first period, it is assumed that there is no capital mobility. First-period market-clearing therefore requires that demand equals supply of capital in each and every country separately. That is, k[ρ1,j + τ1,j ] = s1 , f or any j.



(2)



Combining it with the arbitrage condition (1), we thus have that in the first period we have in equilibrium that, for any j, k1,j = s1 and ρ1,j = f 0 [s1 ] − τ1,j ≡ ρ1 [τ1,j , s1 ].



(3)



In the second period, on the other hand, due to, say, an existing agreement between countries, capital will (be allowed to) move costlessly between countries. Thus, capital earns the same net rate of return ρ2 in each country in the second period. Total demand for capital in the second Pm Pm period equals j=1 k[ρ2 + τ2,j ], while total supply of capital equals j=1 s2,j . The (common) capital market in the second period clears at an interest rate ρ2 such that total demand equals total supply of capital. Therefore, given period-t taxes across countries ~τt ≡ {τt,j }m j=1 , the equilibrium period−2 interest rate is denoted by ρ2 [~τ1 , ~τ2 , s1 ] and is given implicitly by the solution with respect to ρ2 of the second-period market-clearing condition: m X j=1



k[ρ2 + τ2,j ] =



m X



s[ρ1 [τ1,j , s1 ], ρ2 , w[f 0 [s1 ]], s1 ],



j=1



8



(4)



where we make use of the definitions of optimal savings and of the first-period equilibrium interest rate. Note that in a symmetric equilibrium, where all governments set the same taxes, we would have τt,j = τt . Therefore, the symmetric equilibrium period−1 and period−2 interest rates, denoted by p1 [τ1 , s1 ] and p2 [τ1 , τ2 , s1 ], are given implicitly by the solution with respect to (p1 , p2 ) of the system p1 = f 0 [s1 ] − τ1 ,



(5)



k[p2 + τ2 ] = s[p1 , p2 , w[f 0 [s1 ]], s1 ].



(6)



and



Given that countries are identical, symmetric equilibria will be of special importance here. Note that in equilibrium the first-period income is e1,j = (1 + f 0 [s1 ] − τt,j )s1 + w[f 0 [s1 ]]. Clearly, it is strictly decreasing with the first-period tax, which is also crucial for our result. We assume in the basic model that there are no taxes on non-capital income. In Section 4, we discuss how the results would change if we allowed for the non-capital factor to be endogenous and/or for a tax on non-capital income.15 Assume also, without loss of generality, that one unit of public good requires one unit of the composite good. Accordingly, the country-j government’s budget constraint in period t is gt,j = τt,j kt,j . Thus, V [ρ1,j , ρ2 , τ1,j , τ2,j , s1 ] ≡ u[c[ρ2 ]] + β (1 + ρ2 )s[ρ1,j , ρ2 , w[f 0 [s1 ]], s1 ] + w[ρ2 + τ2,j ]







+ H[τ1,j k[ρ1,j + τ1,j ], τ2,j k[ρ2 + τ2,j ]] is the resident’s value function. Given that in our model taxation occurs in both periods, an additional issue that arises is the timing of tax-setting. As it is standard, we assume that first-period taxes are set taking as given the supply of first-period capital, s1 .16 In the standard model, with the exception of Kehoe (1989), the assumption is that (second-period) taxes are set prior to savings being determined. We maintain this assumption here. In more detail, we assume that governments can announce their second-period 15



In fact, when we discuss the case of endogenous non-capital factor we also relax the assumption of quasi-linear



preferences. 16 The assumption that capital-tax-setting takes place for given first-period capital stock is standard in problems of optimal capital taxation (see for instance Chamley, 1986, Zodrow and Mieszkowski, 1986, Wilson 1986, and Kehoe, 1989).
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taxes together with their first-period taxes and, once the second period arrives, they (can) abide by these announcements. In other words, we focus on the Nash equilibria of the game between the m governments, where each government j has a payoff V [ρ1 [τ1,j , s1 ], ρ2 [~τ1 , ~τ2 , s1 ], τ1,j , τ2,j , s1 ] and17 chooses an action {τt,j }t=1,2 . This assumption is made to identify the main mechanism regarding the external effects of first-period capital taxes in a neat and transparent way. However, arguably, lack of pre-commitment is a plausible alternative. Therefore, capital taxation in the absence of precommitment is discussed in Section 4. Due to ex ante identical countries we will focus on symmetric equilibria. Before we proceed to the investigation of the efficiency properties of the symmetric non-cooperative equilibrium capital taxes, it is crucial that we derive first some very useful properties of the competitive (for given policies) equilibrium. We do so next.



2.1



Competitive Equilibrium



Let {τt }m j=1 ≡ (τt , ..., τt ) describe the m−vector of countries’ period-t taxes when these taxes are the same and equal to τt . We then have the following two very important Lemmas: Lemma 1 In a competitive equilibrium, 1 ∂p2 [τ1 ,τ2 ,s1 ] , m ∂τv



v = 1, 2, with



∂p2 [τ1 ,τ2 ,s1 ] ∂τ1



=



∂ρ1 [τ1,j ,s1 ] [τ1 ,s1 ] = ∂p1∂τ = −1 ∂τ1,j 1 ∂s[•] 00 f [s[•]] ∂ρ ∂p2 [τ1 ,τ2 ,s1 ] 1 − ∂s[•] and ∂τ2 1−f 00 [s[•]] ∂ρ 2



and =−



m ∂ρ2 [{τ1 }m j=1 ,{τ2 }j=1 ,s1 ] ∂τv,j



1 ∂s[•] 1−f 00 [s[•]] ∂ρ



=



.



2



Proof. Follows from straightforward differentiation of the market-clearing conditions (3)-(6). The above Lemma implies that the effect on the period-2 equilibrium interest rate of a marginal increase in any of the m period-v national taxes, evaluated at a symmetric equilibrium, is equal to 1/mth of the effect on the period-2 equilibrium interest rate of a marginal increase in all the symmetric equilibrium period-v national taxes. It is the divergence in size (due to m > 1) between these marginal effects that gives rise to the capital tax externalities in this model. Note, due to ∂s[•] ∂ρ2 17



= −c0 [ρ2 ] ≥ 0, that the contemporaneous marginal effect is negative:18 a marginal increase



Note that in many papers in the literature, like Zodrow and Mieszkowski (1986) and Wilson (1986), tax-regions



are assumed to be very small so that governments perceive the endogenous second-period interest rate as out of their control. In our set-up, this would be equivalent to m being very large. 18 Notice here that with more general preferences (insofar they imply that savings are strictly increasing with income) the effect of ρ2 on savings s2 , for given income over time, is ambiguous due to the usual conflict between
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in the period-2 capital tax leads to a decrease in the period-2 interest rate. This effect, when the second period is studied, gives rise to the contemporaneous tax externality emphasized by Zodrow and Mieszkowski (1986) and Wilson (1986) (referred to as ZMW hereafter) and the ensuing literature on capital tax competition. The intertemporal effect of the first-period capital tax on the second-period interest rate



∂p2 [τ1 ,τ2 ,s1 ] , ∂τ1



on the other hand, will give rise to the novel intertemporal



tax externality we stress in our work. The direction of this effect depends, as it is obvious from the above Lemma, on the equilibrium effect of the first-period tax on savings



∂s[•] ∂τ1 .



The next Lemma



deals with this.



Lemma 2 In a symmetric equilibrium,



∂s[•] ∂ρ1



> 0 and hence



∂p2 [•] ∂τ1



> 0.



Proof. Directly after recalling the previous Lemma and noting that, in a symmetric equilibrium we have



∂s[•] ∂ρ1



= s1 > 0.



That is, at a symmetric equilibrium, first-period taxes affect savings negatively, and thereby future interest rates positively. The intuition is straightforward. Higher first-period taxes lead to lower first-period interest rate and thereby to lower returns from past savings and hence to lower firstperiod domestic income. The latter, in turn, implies a drop in savings, as a means of shifting income/consumption to the first period to smooth over time the effects of the change in first-period income. Thus, supply of second-period capital is decreased leading, through market-clearing, to a higher future interest rate. The effects described in the above Lemmas will imply that the intertemporal capital tax externality, discussed shortly, is negative, implying thus that first-period taxes are inefficiently high. To show this, we turn to the investigation of non-cooperative capital taxes. Let hereafter, for expositional simplicity without compromising the qualitative nature of our results, H[g1,j , g2,j ] = γ(log[g1,j ] + β log[g2,j ]), where γ > 0 is a preference parameter. the substitution and income effects. However, a very useful property of our model is that in a symmetric equilibrium the overall effect of ρ2 on equilibrium savings s2 , after taking also into account the effect through the endogenous second-period income w2 , is non-negative. Therefore, the contemporaneous effects described in the main text are still valid with more general preferences.
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3



Nash Equilibrium Capital Taxes



Non-cooperative taxes equate the national marginal welfare benefit due to the effect of taxes on public good provision across periods to the national marginal welfare cost due to lower income, for given taxes in the other countries. Note that, from the point of view of governments, their firstperiod capital is fixed at the level of pre-determined savings s1 . In more detail, using the envelope theorem vis-a-vis consumers’ problem, Lemma 1 and st = kt , the typical capital tax τt , t = 1, 2, at a symmetric non-cooperative equilibrium is such that: 1 1 1 ∂p2 {s1 + β τ2 k20 }, g1 g2 m ∂τ1 γ 1 ∂p2 k2 = {k2 + τ2 k20 ( + 1)}, g2 m ∂τ2



β(1 + p2 )s1 = γ{



(7) (8)



respectively. Note that the marginal welfare benefit of higher first-period taxes takes also into account the negative effect on the second-period tax base, captured by the last term in the first equation above. Specifically, while the first-period tax does not affect at the margin the first-period capital used domestically in equilibrium,19 the typical government does take into account only 1/mth of the total effect of its first-period tax-choice on the interest rate in the second period. As existence is not the main issue of this paper, assume hereafter that a symmetric Nash equilibrium exists.20 Our model features the standard contemporaneous tax externality emphasized by ZMW for the second-period tax. To see this, note that at a symmetric equilibrium the welfare of the typical household is V [p1 [τ1 , s1 ], p2 [τ1 , τ2 , s1 ], τ1 , τ2 , s1 ] ≡ U [τ1 , τ2 , s1 ]. We now ask: starting from a symmetric non-cooperative equilibrium, would a simultaneous marginal increase in each and every national period-2 capital tax, while maintaining national taxes in other periods at their equilibrium levels, be welfare-improving? Such an exercise is common in the received literature on capital tax competition (see, for instance, Keen and Kotsogiannis, 2002). It attempts to capture the welfare implications of coordinating national capital taxes by imposing some minimum threshold level. After using the 19 20



It may be instructive to note that this would also be the case in a closed economy (in both periods). If there is no (symmetric) Nash equilibrium, then this on itself is a criticism of the ZMW model, and many other



models in the literature, where an equilibrium is assumed to exist for the fixed capital stock, in static models, or for fixed τ1 and hence p1 and g1 , in two-period models.
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envelope theorem, we have that, starting from a symmetric non-cooperative equilibrium, the welfare effect of a simultaneous marginal increase in each and every national period-2 capital tax, while maintaining national taxes in other periods at their equilibrium levels, is given by: ∂ 1 γβ ∂p2 1 ∂p2 U [τ1 , τ2 , s1 ] = (1 − ) τ2 k20 ≡ (1 − )βZ2 . ∂τ2 m g2 ∂τ2 m ∂τ2 To understand the above, note that changes in the interest rates affect welfare across regions. In fact, βZ2 in the above equation is the net effect, evaluated at the symmetric non-cooperative equilibrium, of a marginal increase in the common interest rate ρ2 on the welfare of the typical household in any country. Note that, in our basic model, Z2 < 0, which reflects the negative effect of the interest rate ρ2 on the second-period capital tax base across tax jurisdictions. It follows that taxes affect - through the second-period interest rate - welfare across countries. Notice also that in our model tax externalities arise solely through the effects of taxes on the common second-period interest rate, as there are no direct external effects. At symmetric non-cooperative equilibrium, national governments take into account only 1/mth of the total welfare effect across countries of their tax choices - in particular, only the domestic welfare effect. The non-internalized tax externality is, thus, ∂p2 1 2 captured by (1 − m )βZ2 ∂p ∂τ2 . So, if Z2 ∂τ2 > 0, then the contemporaneous externality is positive and 2 period−2 taxes are inefficiently low. If instead Z2 ∂p ∂τ2 < 0 then the externality is negative and



period−2 taxes are inefficiently high. After recalling Lemma 1 and that



∂s[•] ∂ρ2



≥ 0, we have Z2



∂p2 > 0. ∂τ2



(9)



Therefore, given that m > 1, such a reform would be welfare-increasing. Thus, second-period capital taxes are too low at a symmetric equilibrium. The above describes the positive externality that has been emphasized in ZMW and the ensued literature: an increase in a country’s tax leads to a decrease in the current common interest rate and thereby to an increase in the current capital-tax base and public good provision in the other tax jurisdictions. We now turn to the characterization of the novel intertemporal tax externality our work emphasizes and its implications for first-period taxes.
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3.1



Are First-Period Non-Cooperative Capital Taxes Too High?



We will argue here that first-period non-cooperative capital taxes are inefficiently too high. To understand why the latter can happen, we now ask, in a similar manner to the one above: starting from a symmetric non-cooperative equilibrium, would a simultaneous marginal increase in each and every national period-1 capital tax, while maintaining national taxes in other periods at their equilibrium levels, be welfare-improving?21 In more detail, after using the envelope theorem, we have that, starting from a symmetric noncooperative equilibrium, the welfare effect of a simultaneous marginal increase in each and every national period-1 capital tax, while maintaining national taxes in other periods at their equilibrium levels, is given by: ∂ 1 γβ ∂p2 1 ∂p2 U [τ1 , τ2 , s1 ] = (1 − ) τ2 k20 ≡ (1 − )βZ2 . ∂τ1 m g2 ∂τ1 m ∂τ1 2 Therefore, given that m > 1, such a reform is welfare improving if and only if Z2 ∂p ∂τt > 0.



Given that the first-period tax affects the second-period interest rate p2 and thereby the intertemporal allocation of consumption across countries, there is no reason to expect a priori that the symmetric non-cooperative equilibrium first-period tax, under future capital mobility, will be efficient. By either focusing on closed-economy models or by studying models that are effectively static in nature and where capital is mobile, the received literature neglects the intertemporal externality of capital taxes. In our model, the latter is given by Z2



∂p2 < 0, ∂τ1



(10)



where the inequality follows directly from Lemma 2. Thus, the intertemporal externality of the first-period tax is negative. To see the intuition behind this, recall from the discussion of Lemma 2 that a higher first-period capital tax reduces the returns to past savings and hence pushes the future interest rate upwards. Thus, an increase in the tax τ1 reduces future capital stock, tax revenues and, thereby, welfare abroad. It follows, that: 21



Thus, here we perform, in effect, a local analysis of the efficiency properties of non-cooperative capital taxes.



A global analysis would require a comparison of the equilibrium policy-mix in a closed economy (characterized by the government’s first-order conditions after setting m = 1, which also describe second-best efficient taxes) with the symmetric non-cooperative equilibrium policy-mix under integrated capital markets in the second-period only. However, such an analysis is cumbersome in our set-up where there are two tax instruments, τ1 and τ2 .
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Proposition: A coordinated decrease in first-period capital taxes is welfare-improving. Note that the size of the intertemporal externality depends on the responsiveness of savings to changes in current returns from past savings relative to the responsiveness of capital demand to changes in the capital’s user-cost, evaluated at equilibrium, as this is captured implicitly by the size of



∂p2 ∂τ1 .



In fact, an increase in this relative responsiveness will increase the size of the intertemporal



externality all other things equal.



4



Some Extensions



In this section we examine how sensitive the capital tax externality of the first-period tax is to the particular assumptions we have deployed, in particular, the availability of public debt and non-capital income taxes, the presence of an endogenous interregionally immobile factor and precommitment. Recalling our discussion in Sections 2 and 3 one should expect three types of changes 2 in βZ2 ∂p ∂τ1 , by moving into a more general environment. First, the sign of the welfare effect, at



the symmetric non-cooperative equilibrium, of a marginal increase in the interest rate of second period βZ2 may be modified. Second, the sign of the effect of the first-period capital taxes on the interest rates,



∂p2 ∂τ1 ,



may be different. Third, equilibrium tax values may also differ from those in



the basic model above. The latter on its own would only affect the size of the intertemporal capital tax externality, all other things equal. Nevertheless, the essence of our message has to do with the direction of the intertemporal capital tax externality. For this reason, we focus for the rest of this 2 section on the first two types of changes in βZ2 ∂p ∂τ1 . In the first three subsections we maintain the



assumption of pre-commitment and discuss how our results could be affected in the presence of public debt, and rents/wages taxation and/or endoenous labor. In the last sub-section we turn our discussion to the case of credible taxation.



4.1



Public Debt



We start with the case of public debt. In the absence of any market restrictions, in equilibrium the (net real) interest rate on public debt must be equal to that on capital. When governments have an inherited level of public debt d1 and borrow d2 in the first-period then the j−government’s budget 15



constraints become g1,j = τ1,j k1,j − (1 + ρ1 )d1 + d2 and g2,j = τ2,j k2,j − (1 + ρ2 )d2 . Also, the period-t capital-market clearing condition at a symmetric equilibrium becomes st = kt + dt . For any given path of public debt {dt }2t=1 , the effects of capital taxes on the interest rates remain qualitatively the same after the introduction of public debt liabilities. In addition, following similar steps to the ones in Section 3, one can see that Z2 increases by − gγ2 d2 . This additional term represents the welfare effect across each and every country, at a symmetric equilibrium, that arises from the marginal effect on second-period public debt interest payments of an increase in the second-period interest rate. In particular, if governments are net debtors, d2 > 0, an increase in the second-period interest increases the period-2 servicing of public debt liabilities. Therefore, an increase in second-period interest rate has again a negative effect on public consumption, and hence welfare, across countries. Accordingly, after introducing public debt liabilities, Z2 < 0 would still be the case. It follows directly that an increase in the first-period tax increases the interest rate and thereby the servicing 2 γβ of public debt in the second period, with welfare effect − ∂p ∂τ1 g2 d2 < 0. Thus, the additional tax



externality due to the servicing of public debt is also negative and hence, as in our basic model, first-period taxes will be too high.22



4.2



Taxable Rents



We turn to the case of taxable non-capital returns at a rate θt > 0. In this case, the j−government’s budget constraint becomes gt,j = τt,j kt,j +θt wt,j , and period-t disposable income decreases by θt wt,j . We focus in this subsection on an environment where the lump-sum tax θt is, due to information or political reasons, lower than its optimal unrestricted level. So, capital taxes are still in use, i.e. τt > 0 for any t = 1, 2. We have that, for any given path of rent taxes {θt }2t=1 , the effects of capital taxes on the interest rates remain qualitatively the same after the introduction of rents taxation. Following similar steps to the ones in Section 3, one can then easily see, regarding the welfare effects of changes in the interest rates, that Z2 increases by θ2 k2 (1 −



γ g2 ).



To understand these terms, note



that the marginal effect of an increase in the second-period interest rate on the taxed returns to 22



In Jensen and Toma (1991), a similar model is discussed where, however, capital is mobile in both periods.



Moreover, the analysis there takes place under a specific utility function which, crucially, implies (see their Lemma 1) that, in equilibrium, capital taxes do not affect future interest rates. In terms of our notation, this is equivalent to



∂p2 ∂τ1



= 0. Thus, in that paper there is no intertemporal capital tax externality.
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immobile factors is −θ2 k2 . So, an increase in the second-period interest rate has a positive effect on private consumption and a negative effect on public consumption across countries, all other things equal. Clearly, the direction of the corresponding net welfare effect depends on the relative marginal valuation of private and public consumptions. To fix ideas, suppose that the valuation of public good is sufficiently high so that in equilibrium 1 



γ g2 .



It follows that the overall intertemporal



externality of the first-period capital taxes remains negative.23



4.3



Endogenous Non-capital Factors



Taxes on rents are not distortionary. One, thus, might be wondering whether our results are robust to the non-capital factor being endogenous and, hence, to taxes on non-capital income being distortionary. To fix ideas, let us call labor the endogenous (but still interregionally immobile) noncapital factor. In the presence of endogenous labor, wt,j becomes the wage and θt in the previous sub-section becomes a labor tax. Focus on an environment where the public good is valued a lot, i.e. γ is very high, and hence both non-cooperative labor and capital taxes are positive. Insofar production is characterised by constant returns to scale, consumption and leisure are normal goods and labor supply is upward sloping, we have24 that (a) capital in period t is now a proportion kt,j of labor in period t, and (b) the discussion in the previous sub-section about the welfare effects of changes in the interest rates (for given labor supply) is still valid.25 Therefore, if the first-period tax affects positively the second-period interest rate and the valuation of public good is sufficiently high so that in equilibrium 1 



γ g2 ,



then the first-period tax intertemporal externality we have



identified in the basic model is qualitatively robust. In this extension, however, symmetric equilibrium labor supplies, and hence tax revenue, across periods are also affected by foreign first-period taxes. Thus, an additional tax externality arises. 23



The discussion here echoes that in the two-period model of Keen and Kotsogiannis (2002), where first-period



taxes are exogenously fixed (at zero). There the focus is on the contemporaneous externalities of second-period taxes that arise when capital is taxed by both state and federal governments. However, our analysis highlights that the additional externality due to taxation of rents also has an intertemporal aspect. 24 The details of the analysis here are available upon request. 25 A similar model has been discussed in Bucovetsky and Wilson (1991) where, however, capital is mobile in both periods. However, there, labor supply is endogenous only in the second period and first-period taxes are exogenously fixed (at zero).
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However, its direction cannot be signed unless further restrictions on the fundamentals of the problem are introduced. In fact, both the sign of this additional tax externality and of the effect of first-period capital taxes on the second-period interest rate depend on the intertemporal effects of interest rates on labor supplies and on the effect of past interest rates on savings. One can show that if these effects are small, then this additional tax externality is also negative and that the second-period interest rate and first-period capital taxes are positively related. The former is a direct implication of the latter and the fact that second-period labor supply is decreasing in the second-period interest rate. Therefore, the main message of our basic model is still qualitatively robust in this case: capital taxes will be too high prior to the rationally anticipated CMI actually taking place.



4.4



Credible Capital Taxation



Here, we discuss the implications for the nature of the intertemporal capital tax externality of relaxing the assumption that governments possess pre-commitment with respect to the secondperiod taxes. To do so, let us focus on the basic model of Sections 2-3. As it is standard in models of credible tax-setting, countries are assumed to be occupied by many small households that perceive policies to be unaffected by their decisions. As in Kehoe (1989), let governments choose their taxes, in each period, after savings have been determined but before firms decide on their capital demands.26 Note that in such an environment the supply of capital is pre-determined when taxes are set. Nevertheless, capital taxes do affect the allocation of capital between countries when capital is mobile. Therefore, capital tax competition (in the second period) is still allowed. We focus on sub-game perfect equilibria in symmetric and differentiable (pure) Markov tax-strategies. Markov strategies imply that actions in any given period depend on past history only through the “state”. The “state” is a (possibly multi-dimensional) variable which summarizes the influence of past interactions on the current strategic environment.27 In our context, the state in any period t, 26



Note that the non-cooperative setting of first-period capital taxes is not investigated in Kehoe (1989) - that is,



the intertemporal effects of capital taxes are neglected in that work as well. The focus in Kehoe (1989) has been to show that an attempt to cooperate in (second-period) tax-setting may not prove beneficial when governments cannot pre-commit to their tax policies. 27 It is well-known that in dynamic non-cooperative games multiplicity of equilibria arises. For a discussion of
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denoted by At , is the public good provision level in each country j in the previous period and the supply of capital in each country j in period t. We thus restrict attention to strategies on the part of each and every country-j government of the form {τ1,j , τ2,j } = τj (A) ≡ {T1,j [A1 ], T2,j [A2 ]} for any j, with Tt,j [•] being differentiable for any t = 1, 2. In a Markov Perfect Equilibrium (MPE), secondperiod taxes are a Nash equilibrium for any second-period state, A2 . In turn, first-period taxes are a Nash equilibrium given the first period state, A1 , the dependence of the second-period state on the first-period taxes, and the rationally anticipated best response of all national governments to changes in state A2 . In any period, governments take into account the effects of their policies in the yet to be determined private actions and prices. It turns out that the main intertemporal mechanism we have identified in Section 3 is robust to lack of pre-commitment. However, here, an additional intertemporal externality may emerge. The reason is that non-cooperative setting of first-period capital taxes ignores the effects on future capital tax-bases and local public good provisions abroad that arise due to the dependence of future equilibrium capital taxes across countries on first-period taxes. The direction of this additional externality depends on how future taxes respond to current taxes in the MPE. Depending on the environment, it could thus dampen or reinforce the intertemporal externality we have identified in Section 3.28



5



Discussion and Conclusions



We have emphasized a previously neglected implication of non-cooperative capital tax setting when CMI is rationally anticipated to take place in the future. Namely, source-based capital taxes affect also future capital stocks, and thereby tax revenues and local public good provisions, across jurisdictions. This intertemporal externality may lead, ceteris paribus, to too high non-cooperative capital taxes. In this case, decentralized capital taxes prior to the abolition of capital controls will be too high, what seems to be largely neglected by many researchers and policy practitioners. the advantages of Markov strategies in dynamic games see Fudenberg and Tirole (1992) Ch. 13. As in the case of pre-commitment, our focus on symmetric equilibria is driven by the fact that countries are ex ante identical. Differentiability is required for analytical simplicity. 28 A more detailed discussion of the non-commitment case is available upon request.
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The aim of this paper has been to bring attention to the fact that taxation of capital when the latter is rationally anticipated to be mobile in the future may entail intertemporal externalities. We have therefore deployed the simplest model for the task in hand. We have assumed that all countries liberalize their capital markets simultaneously. An interesting extension of our model would be the study of the case when different sub-groups of countries jointly abolish their capital controls at different times. However, we conjecture that our main message will still be valid. The reason is that, as we have already mentioned, the key point for the presence of the intertemporal externality we emphasize is that short-run capital taxes affect current domestic savings and thereby have an impact after CMI occurs (through the endogenous and common future interest rate) on partner countries in the future. Furthermore, the choice of the representative agent paradigm has been driven from the fact tht this is also the chosen framework in most of the received literature, and it is instructive to be able to directly compare our results. Allowing for heterogeneity would introduce political economy considerations such as those in Lockwood and Makris (2006). Moreover, one could study intertemporal tax externalities in the presence of tax havens (for such a static model, see Slemrod and Wilson, 2009). In addition, one could study the intertemporal externality we highlight here in an environment where countries differ in size (for a static model of countries that differ in size, see DePater and Myers, 1994). In general, one could investigate the implications of the intertemporal externality we have highlighted here under large foreign ownership of immobile factors, mobility of labour, agglomeration, sharing of a common currency and competition for amenities (for such static models, see Huizinga and Nielsen, 1997, Kessler et. al., 2002, Baldwin and Krugman, 2004, Makris, 2006, Noiset, 1995, Wooders et. al., 2007, Bénassy- Quéré et. al., 2007). Fully understanding the net externalities involved in taxing capital when capital markets will be integrated in the future would also require the study of alternative dynamic environments, such as overlapping-generation models. The reason is that, as our analysis makes clear, the specifics of capital accumulation are important for intertemporal capital tax externalities.
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APPENDIX This Appendix is Not Intended for Publication



It will only be available upon request. It is, however, provided here for the attention of the Editors and the Referees.



6.1



Endogenous Supply of Immobile Factor



Here, we consider the implications of the immobile factor being endogenous. Denote the interjurisdictionally immobile factor deployed in country j in period t with Lt,j . Referring, for brevity, to the endogenous but immobile, across countries, factor as labor, wt,j is now the wage rate in period t and country j and kt,j is the respective capital-to-labor ratio. Assuming that public good is highly valued we have that both capital and labour income taxes are used. Therefore, the discussion in Section 4.2 is still valid for given level of labor. Here, however, labor supplies across periods and countries will be changing as a result of changes in taxes. This will give rise to some additional tax externalities. The government’s budget constraint becomes gt,j = τt,j kt,j Lt,j +θt,j wt,j Lt,j . Thus, now, tax revenues are increasing, all other things equal, with labor supply. The reason is that higher labor supply increases the capital demand, and hence the capital tax base. The private budget constraints become c1,j = (1 + ρ1,j )s1 + (1 − θ1,j )w1,j l1,j − s2,j and c2,j = (1 + ρ2 )s2,j + (1 − θ2,j )w2,j l2,j , where lt,j denotes labor supply of the typical household in country j in period t. Let us consider here the more general public good preferences H[g1,j g2,j ]. For the discussion of the externalities that arise due to endogeneity of labor, it is crucial to determine the equilibrium effects of interest rates on welfare and the effects of capital taxes on the symmetric equilibrium real interest rates. To this end, we first have to derive optimal labor supplies and optimal savings. We do this next.
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6.1.1



Household’s Problem with Endogenous Labor



Let period-t country-j utility from leisure and consumption be Φ[Λ − lt,j , ct,j ], where Λ is the time endowment, λt,j ≡ Λ − lt,j is leisure and Φλ > 0, Φλλ < 0, Φc > 0, Φcc < 0. Households in country j, solve, for any given prices: max



s2,j ,lt,j ∈[0,Λ],t=1,2



Φ[Λ − l1,j , (1 + ρ1,j )s1 + ω1,j l1,j − s2,j ] + βΦ[Λ − l2,j , (1 + ρ2 )s2,j + ω2,j l2,j ]



where ωt,j ≡ (1 − θt,j )wt,j . Drop here the subscript j for simplicity of exposition. In an interior solution, the first-order conditions with respect to l1 , l2 and s2 are, respectively: Φλ [Λ − l1 , (1 + ρ1 )s1 + ω1 l1 − s2 ] = ω1 Φc [Λ − l1 , (1 + ρ1 )s1 + ω1 l1 − s2 ], Φλ [Λ − l2 , (1 + ρ2 )s2 + ω2 l2 ] = ω2 Φc [Λ − l2 , (1 + ρ2 )s2 + ω2 l2 ], Φc [Λ − l1 , (1 + ρ1 )s1 + ω1 l1 − s2 ] = β(1 + ρ2 )Φc [Λ − l2 , (1 + ρ2 )s2 + ω2 l2 ]. Thus, we have:  0 B1  M1   0 M2 −(1 + ρ2 )B2   B1 −β(1 + ρ2 )B2 Θ











  dl1      dl   2    ds2 



   =  



 dρ 1   0    dω1      ∆2    dρ2    β(1 + ρ2 )l2 Φcc [λ2 , c2 ]  dω2 



s 1 B1



∆1



0



0



0



s2 B2



−s1 Φcc [λ1 , c1 ] −l1 Φcc [λ1 , c1 ]



E



where here Mt ≡ ωt Φλc [λt , ct ] − Φλλ [λt , ct ] − ωt Bt , t = 1, 2, Bt ≡ ωt Φcc [λt , ct ] − Φλc [λt , ct ], t = 1, 2, Θ ≡ −(Φcc [λ1 , c1 ] + β(1 + ρ2 )2 Φcc [λ2 , c2 ]) > 0, ∆t ≡ lt Bt + Φc [λt , ct ], t = 1, 2, E ≡ βΦc [λ2 , c2 ] + β(1 + ρ2 )s2 Φcc [λ2 , c2 ]. Note also that in the above (and what follows) we have, using the consumer’s first-order conditions, that ωt = Φλ [λt , ct ]/Φc [λt , ct ] and 1 + ρ2 = Φc [λ1 , c1 ]/Φc [λ2 , c2 ]β. 25



From the sufficient second-order conditions we have D ≡ M1 M2 Θ − B12 M2 − M1 β(1 + ρ2 )2 B22 > 0 and Mt > 0, t = 1, 2. We then have, after using Cramer’s rule, that: ∂l1 ∂ρ1 ∂l2 ∂ρ1 ∂s2 ∂ρ1 ∂l1 ∂ω1 ∂l2 ∂ω1 ∂s2 ∂ω1



M2 B1 Θ + M2 B1 Φcc [λ1 , c1 ] − β(1 + ρ2 )2 B1 B22 , D M1 Φcc [λ1 , c1 ] + B12 = −(1 + ρ2 )B2 s1 , D M1 Φcc [λ1 , c1 ] + B12 = −M2 s1 , D M2 ∆1 Θ + M2 B1 l1 Φcc [λ1 , c1 ] − β(1 + ρ2 )2 ∆1 B22 = , D l1 M1 Φcc [λ1 , c1 ] + B1 ∆1 = −(1 + ρ2 )B2 , D l1 M1 Φcc [λ1 , c1 ] + B1 ∆1 = −M2 , D = s1



and ∂l1 ∂ρ2 ∂l2 ∂ρ2 ∂s2 ∂ρ2 ∂l1 ∂ω2 ∂l2 ∂ω2 ∂s2 ∂ω2



s2 β(1 + ρ2 )B22 + M2 E , D s2 B2 M1 Θ − s2 B2 B12 + (1 + ρ2 )B2 M1 E , = D s2 β(1 + ρ2 )B22 + M2 E = M1 , D ∆2 B2 + M2 l2 Φcc [λ2 , c2 ] , = −β(1 + ρ2 )B1 D ∆2 M1 Θ − ∆2 B12 + B2 M1 β(1 + ρ2 )2 l2 Φcc [λ2 , c2 ] = , D ∆2 B2 + M2 l2 Φcc [λ2 , c2 ] = β(1 + ρ2 )M1 , D = −B1



We now impose the following assumptions:29 Normality of period−t consumption: (Mt + ωt Bt )(Mt0 Φcc [λt0 , ct0 ] + Bt20 ) < 0, t, t0 = 1, 2, t 6= t0 . Normality of leisure: Bt (Mt0 Φcc [λt0 , ct0 ] + Bt20 ) > 0, t, t0 = 1, 2, t 6= t0 . The first assumption implies that an exogenous increase in inherited non-human wealth leads to higher consumption in period t. 29



Note that Φλc ≥ 0 would ensure above that Mt > 0, Bt < 0



26



The second assumption implies that an exogenous increase in inherited non-human wealth leads to higher leisure in period t. Note that the first and second assumptions imply that Mt (Mt0 Φcc [λt0 , ct0 ] + Bt20 ) < 0 t, t0 = 1, 2, t 6= t0 and hence (Mt Φcc [λt , ct ] + Bt2 ) < 0, t = 1, 2. Moreover, the latter inequality and the second assumption imply that Bt < 0, t = 1, 2. It follows then that these two assumptions imply that an exogenous increase in first-period’s interest rate leads to higher first-period savings. That is,



∂s2 ∂ρ1



> 0.



The second assumption implies that an exogenous increase in first-period’s interest rate leads to higher leisure, and hence lower labor supply, in every period. That is, The two assumptions together imply that



∂l2 ∂ρ2



∂l1 ∂ρ1



< 0 and



< 0. To see this, note that



∂l2 ∂ρ2



∂l2 ∂ρ1



< 0.



has the sign of



s2 B2 M1 Θ − s2 B2 B12 + (1 + ρ2 )B2 M1 E = β(1 + ρ2 )B2 M1 Φc [λ2 , c2 ]+ s2 {B2 M1 Θ − B2 B12 + β(1 + ρ2 )2 B2 M1 Φcc [λ2 , c2 ]} = −B2 (M1 Φc [λ2 , c2 ]+B12 ) −β(1+ρ2 )2 B2 M1 Φcc [λ2 , c2 ] < 0, with the inequality following from B2 < 0 and the normality of leisure with respect to current income. Similarly, normality of consumption and leisure, and hence Bt < 0, t = 1, 2, imply that ∂s2 ∂ω2



< 0, and



∂l2 ∂ω1



< 0 and



∂l1 ∂ω2



∂s2 ∂ω1



> 0 and



< 0. That is, an exogenous increase in first-period’s (resp. second-



period’s) wage leads to higher (resp. lower) first-period savings and higher leisure, and hence lower labor supply, in the second period (resp. first period). However,



∂lt ∂ωt ,



t = 1, 2, as usual, depends on the relative size of the relevant income and substitution



effects. Likewise,



∂l1 ∂ρ2



and



∂s2 ∂ρ2



have the same sign which depends on the relative size of the income



and substitution effects of the interest rate on savings At this stage, note that normality of consumption and leisure imply, due to D > 0, Φcc < 0, Mt > 0 and Bt < 0, t = 1, 2, that M2 Θ − β(1 + ρ2 )2 B22 > 0 and M1 Θ − B12 > 0 (recall also from above that s2 B2 M1 Θ − s2 B2 B12 + (1 + ρ2 )B2 M1 E < 0). These will prove useful shortly after. Assume also in what follows that: Upward-sloping labor for given savings: ∆t > 0, t = 1, 2. This assumption ensures that an increase in net-of-tax wage ωt leads to higher labor supply in period t, for any given savings. Given the above implications of normality of leisure and consumption, ∆t > 0, t = 1, 2, implies, in turn, that ∆2 (M1 Θ − B12 ) > 0 and ∆1 (M2 Θ − β(1 + ρ2 )2 B22 ) > 0. 27



These in turn imply, respectively, that



∂lt ∂ωt



> 0, for any t = 1, 2. So, labor supply is increasing with



current wages, even when savings do respond to changes in wages. Recall now that wt = w[ρt + τt ]. Note also that for x = {l1 , l2 , s2 } we have



∂x ∂wt



=



∂x ∂ωt (1 − θt ).



Given



that w0 = −k we thus have (for θt < 1) that: ∂l1 ∂τ1 ∂l2 ∂τ1 ∂s2 ∂τ1 ∂l1 ∂τ2 ∂l2 ∂τ2 ∂s2 ∂τ2



∂l1 k1 ∂w1 ∂l2 =− k1 ∂w1 ∂s2 =− k1 ∂w1 ∂l1 =− k2 ∂w2 ∂l2 =− k2 ∂w2 ∂s2 =− k2 ∂w2 =−



< 0, >0 < 0, > 0, < 0, > 0.



Next, we determine the overall effects of interest rates on labor supplies and savings, at a symmetric equilibrium. That is, we find Clearly, due to



∂l1 ∂ρ1



< 0 and



∂x ˜ ∂ρt



∂l2 ∂ρ2



≡



∂x ∂ρt



∂x − ∂w kt for any t = 1, 2, and x = {l1 , l2 , s2 }, when st = kt lt . t



< 0, and



∂lt ∂ωt



> 0, for any t = 1, 2, we have that



∂ ˜lt < 0, t = 1, 2 ∂ρt Moreover, we have that, in a symmetric equilibrium (and hence st = kt lt ), normality of consumption and leisure imply that: ∂ ˜l2 s1 B1 Φc [λ1 , c1 ] s1 ∂l2 = (1 + ρ2 ) B2 + θ1 , ∂ρ1 D l1 l1 ∂ω1 ∂˜ s2 s1 B1 Φc [λ1 , c1 ] s1 ∂s2 = M2 + θ1 , ∂ρ1 D l1 l1 ∂ω1



∂ ˜l1 s2 βB1 Φc [λ2 , c2 ] l2 s2 ∂l1 = {(1 + ρ2 )B2 − M2 } + θ2 ∂ρ2 D l2 s2 l2 ∂ω2 l2 (1 + ρ2 )B2 − M2 s2 ∂˜ s2 s2 s2 ∂s2 = −βM1 Φc [λ2 , c2 ]{ } + θ2 . ∂ρ2 D l2 l2 ∂ω2 Note also that for very small labor tax we have



∂˜ l2 ∂ρ1



˜



∂˜ s2 ∂ l1 ∂˜ s2 > 0, ∂ρ < 0, ∂ρ > 0, ∂ρ > 0. 1 2 2



So, to summarize, assuming that leisure and consumption in each period are normal goods, optimal labor supply in period t and country j is given by a function lt [ρ1 , ρ2 , ω1,j , ω2,j ] with the following 28



usual properties:



∂l1 ∂ρ1



< 0 and



∂l1 ∂ω2,j



< 0, and



∂l2 ∂ρ1



< 0,



∂l2 ∂ρ2



< 0 and



∂l2 ∂ω1,j



< 0. These effects



reflect the fact that higher past or future wages and higher current or past interest rates imply that households are wealthier, and therefore they lead, by normality, to lower current labor supply. Also, because of the usual interaction of the relevant income and substitution effects, ∂l1 ∂ρ2



∂lt ∂ωt,j ,



t = 1, 2, and



are ambiguous unless further assumptions on preferences are imposed. In fact, by assuming



that labor supply increases as a response to higher wages, for given savings, we have that



∂lt ∂ωt,j



> 0,



t = 1, 2. Similarly, savings in period t = 1 and country j are given, after some abuse of notation, by a function s[ρ1 , ρ2 , ω1,j , ω2,j ] with the following usual properties:



∂s2 ∂ρ1



> 0,



∂s2 ∂ω1,j



> 0 and



∂s2 ∂ω2,j



< 0.



These effects reflect the optimality of consumption smoothing and that higher wages and first-period interest rate imply that households are wealthier. Furthermore, because of the usual interaction of the relevant income and substitution effects,



∂s2 ∂ρ2



is ambiguous unless we impose further conditions



on preferences. In equilibrium, however, wages are a function of the current interest rate and capital tax. As taxes reduce wages, the above imply directly that higher first-period capital taxes lead to lower first-period savings and labor supply and to higher second-period labor supply. Furthermore, higher secondperiod capital taxes lead to higher savings and first-period labor supply and to lower second-period labor supply. Turning to the overall effect of interest rates on savings and labor supplies we have that higher first-period (resp. second-period) interest rate leads to lower first-period (resp. secondperiod) labor supply. In addition, at a symmetric equilibrium and for very small labor tax: higher first-period interest rate leads to lower savings and to higher second-period labor supply. Moreover, a higher second-period interest rate leads to higher savings and first-period labor supply. So, the fact that wt,j = w[ρt + τt,j ] implies that optimal savings and labor supplies are given by functions s2 = s˜[ρ1 , ρ2 , τ1 , τ2 ], lt = ˜lt [ρ1 , ρ2 , τ1 , τ2 ], t = 1, 2, with ˜



˜



∂ l2 ∂ l2 0, ∂τ > 0, ∂τ < 0, and 1 2



∂˜ l1 ∂ρ1



< 0 and



∂˜ l2 ∂ρ2



st = kt lt imply that for small labor tax:



∂˜ s2 ∂τ1



˜



˜



s2 ∂ l1 ∂ l1 < 0, ∂˜ ∂τ2 > 0, ∂τ1 < 0, ∂τ2 >



< 0. In addition, the fact that at a symmetric equilibrium ∂˜ s2 ∂ρ1






∂˜ s ∂ρ2
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> 0, and



∂˜ l1 ∂ρ2



> 0 and



∂˜ l2 ∂ρ1



>0.



6.1.2



Discussion of Externalities



We start with the equilibrium interest rates. Interest rates are given implicitly by the system ˜l1 [ρ1,j , ρ2 , τ1,j , τ2,j ]k[ρ1,j + τ1,j ] = s1 j = 1, ..., m P ˜ P ˜[ρ1,j , ρ2 , τ1,j , τ2,j ] j l2 [ρ1,j , ρ2 , τ1,j , τ2,j ]k[ρ2 + τ2,j ] = js Denote with ρ1,j [~τ1 , ~τ2 , s1 ] and ρ2 [~τ1 , ~τ2 , s1 ] the corresponding solutions with respect to ρ1,j and ρ2 . In a symmetric equilibrium, we have that ˜l1 [ρ1 , ρ2 , τ1 , τ2 ]k[ρ1 + τ1 ] = s1 ˜l2 [ρ1 , ρ2 , τ1 , τ2 ]k[ρ2 + τ2 ] = s˜[ρ1 , ρ2 , τ1 , τ2 ] After suppressing, for expositional simplicity, the obvious dependence on s1 , let, with some abuse of notation, ρt = pt [τ1 , ρt0 , τ2 ] be the period−t capital-market-clearing interest rate at a symmetric equilibrium for given period−t0 interest rate, where t0 6= t, and t0 , t = 1, 2. In addition, denote by pt = p˜t [τ1 , τ2 ], t = 1, 2, the solution of the system ρt = pt [•], t = 1, 2. Note now that, as in the basic model, one can show that evaluated at a symmetric equilibrium ∂ρ2 [•] 1 ∂ p˜2 [•] = ∂τ1,i m ∂τ1 Moreover, following similar steps, we can show that evaluated at a symmetric equilibrium ∂ρ1,j [•] ∂p1 [•] 1 ∂ p˜2 [•] = , i 6= j ∂τ1,i ∂ρ2 m ∂τ1 To derive the first implications of the endogeneity of labor for capital tax externalities, assume that labor income taxes are the same across countries, and note that equilibrium total labor supply in period t country j is Lt,j = lt,j . To continue, let us assume here, for expositional, and only, clarity, that Λ = 1 and that in the symmetric non-cooperative equilibrium lj,t = 1 and hence Lt,j = 1. To investigate the robustness of our result in the basic model to allowing for endogenous labor, we focus hereafter on the efficiency properties of the symmetric non-cooperative equilibrium firstperiod capital tax. It turns out that with endogenous labor there is a number of previously neglected externalities, some of which re-reinforce while some others counteract the intertemporal externality we emphasize in the basic model. We turn to a discussion of these novel externalities next. By following similar steps to the ones in Sections 3 and 4.2 of the paper we then have that the effect on the welfare of the typical household at a symmetric equilibrium of a marginal increase in 30



P the second-period interest rate, Z2 , has the additional term Zˆ2 ≡ 2t0 =1



∂H[g1 ,g2 ] (τt0 kt0 ∂gt0



∂˜ l



+ θt0 wt0 ) ∂ρt20 .



To understand this term note that a marginal increase in the second-period interest rate affects household’s labor supply in period t0 by



∂˜ lt0 ∂ρ2



units, and thereby period−t0 tax revenues at a symmetric



∂˜ l



equilibrium by (τt0 kt0 + θt0 wt0 ) ∂ρt20 . Recall that



∂˜ l2 ∂ρ2



< 0. Therefore, we have directly that if first-period capital taxes affect positively the



second-period interest rate, then capital taxes affect negatively future labor supplies through future interest rates. Thus first-period capital taxes also affect negatively future tax revenues and hence welfare in other regions through their intertemporal effect on labor supplies. This constitutes an additional negative intertemporal externality, which pushes further to too high taxes, all other things equal. This is captured by (1 −



1 ∂ p˜2 [•] m ) ∂τ1



times the additional term



∂H[g1 ,g2 ] (τ2 k2 ∂g2



˜



∂ l2 + θ2 w2 ) ∂ρ < 0 in 2



Zˆ2 . Furthermore, due to the intertemporal allocation of leisure and the endogeneity of wages, symmetric equilibrium labor supply in the first period is affected by the second-period interest rate. If it is affected positively, then first-period tax revenues also depend positively on the second-period interest rate. A direct consequence of this is that, now, there is an novel contemporaneous tax externality. It arises from the impact of first-period capital taxes on welfare across countries due to the effect of these taxes on the common second-period interest rate and thereby on first-period tax revenues. This is captured by (1 −



1 ∂ p˜2 [•] m ) ∂τ1



times the additional term



∂H[g1 ,g2 ] (τ1 k1 ∂g1



∂˜ l1 + θ1 w1 ) ∂ρ in Zˆ2 . It 2



follows that if the first-period tax affects positively the second-period interest rate and the latter is positively related with the first-period labor supply at a symmetric equilibrium, then this previously neglected contemporaneous externality is positive pushing towards too low taxes; conversely, if the second-period capital tax is negatively related with the symmetric equilibrium first-period labor supply. Notice from the market-clearing conditions above that, with endogenous labor, the regional firstperiod interest rates become “forward looking”; that is, they now also depend on the common second-period interest. This in turn implies that the regional first-period interest rates do depend on all capital taxes across regions despite the fact that capital is not mobile in the first period. This is a direct consequence of the fact that first-period labor is endogenous and hence we have that all regional first-period interest rates and the common second-period interest rate are determined
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through market-clearing simultaneously. The fact that first-period taxes affect also first-period interest rates in other countries implies directly that there are additional capital tax externalities through the effects of first-period capital taxes on the current regional interest rates. Following similar steps to the ones in Section 3, these externalities can be captured by (1 − where Z1 ≡



∂H[g1 ,g2 ] (τ2 k2 ∂g2



˜



0 ∂H[g1 ,g2 ] [τ1 k1 ∂g1



∂ l2 + θ2 w2 ) ∂ρ + 1



∂p1 [•] ∂ p˜2 [•] 1 m )Z1 ∂ρ2 ∂τ1 ,



˜



∂ l1 + (τ1 k1 + θ1 w1 ) ∂ρ ] is the welfare effect of a 1



marginal change in the symmetric equilibrium first-period, which, in contrast to the basic model, p˜2 [•] now becomes an important variable. Clearly, then, the sign of this direction has the sign of Z1 ∂∂τ . 1



We turn to this next. Recall that



∂˜ l1 ∂ρ1



0



< 0 and k1 < 0. Thus,



0 ∂H[g1 ,g2 ] [τ1 k1 ∂g1



˜



∂ l1 + (τ1 k1 + θ1 w1 ) ∂ρ ] < 0. This term captures 1



the negative effect of a change in the first-period interest rate on current capital tax revenues through its effects on current labor and capital-to-labor ratio. Therefore, if



∂p1 [•] ∂ p˜2 [•] ∂ρ2 ∂τ1



> 0, then



this additional contemporaneous capital tax externality is negative pushing to too high taxes ceteris paribus. Conversely, if Finally, suppose that



∂p1 [•] ∂ p˜2 [•] ∂ρ2 ∂τ1 ∂˜ l2 ∂ρ1



> 0 and/or the labor income tax is .



> 0 : labor supply in the second period increases when the first-period



interest rate goes up. It follows that if



∂p1 [•] ∂ p˜2 [•] ∂ρ2 ∂τ1



> 0 and hence first-period taxes and interest



rates are positively related, then an increase in the first-period tax leads to an increase in labor supply, tax revenues and, thereby, welfare in the other countries in the second period. This additional intertemporal tax external effect counteracts the tax externality we have emphasized in the basic model. Conversely, if



∂˜ l2 ∂ρ1



< 0.



To summarize, note that the above discussion implies that the additional net tax externality of the first-period taxes can be captured by (1 − for any t = 1, 2, if



∂p1 [•] ∂ρ2



∂p1 [•] 1 ∂ p˜2 [•] m ) ∂τ1 {Z1 ∂ρ2



+ Zˆ2 }. Accordingly, if Zˆ2 < 0, Z1 < 0



> 0, and if the first-period tax increases the second-period interest rate



then the associated net tax externality is negative and taxes are too high, all other things equal. Conversely, if taxes reduce the second-period interest rate. The case of Zˆ2 > 0and/or Z1 > 0 and/or ∂p1 [•] ∂ρ2



< 0, at a symmetric non-cooperative equilibrium, follows similar steps.



We turn to discussing the sign of



∂ p˜2 [•] ∂τ1 :



Recall that with endogenous labor the first-period interest rate becomes “forward looking”. This, in conjunction with the “backward looking” nature of the second-period interest rate, may create multiplicity of equilibria and give rise to some peculiar results. To avoid this assume hereafter that 32



∂p1 ∂p2 ∂ρ2 ∂ρ1



< 1. This implies, after a straightforward application of the Implicit Function Theorem



on the system pt = pt [•], t = 1, 2, a unique solution of capital-market-clearing interest rates at a symmetric equilibrium, pt = p˜t [τ1 , τ2 ], t = 1, 2, and that the sign of



∂ p˜2 ∂τ1



is the sign of



∂p2 ∂τ1



∂p2 ∂p1 + ∂ρ . 1 ∂τ1



It follows, after some straightforward calculations on ˜lt [ρ1 , ρ2 , τ1 , τ2 ]k[ρt + τt ] = st for any t = 1, 2, with s2 = s˜[ρ1 , ρ2 , τ1 , τ2 ], that the direct effects of the first-period tax on interest rates are still of the directions that we have identified in Section 3 of the paper. That is, Therefore, if



∂p2 ∂ρ1



∂p1 ∂τ1



< 0 and



∂p2 ∂τ1



> 0.



> 0, then the effect of the first-period capital tax on the second-period interest



rate is dampened:



∂p2 ∂p1 ∂ρ1 ∂τ1






∂p2 ∂τ1 .



If, however,



∂p2 ∂ρ1



< 0, then the effect of the first-period capital



tax on the second-period interest rate is still positive. Therefore the effect of the endogeneity of labor on the overall direction of the externality of the first-period capital tax is ambiguous. It will depend on the relative intertemporal effects of the interest rates on labor supply and on the effect, at the symmetric equilibrium, of the first-period interest rate on savings. To finish the discussion here note that if the intertemporal effects of interest rates on labor supply and the symmetric equilibrium effect of past interest rates on savings are all very small, then ∂p2 ∂ρ1



∂p1 ∂ρ2



and



1 ∂ p˜2 [•] 1 ∂ p˜2 [•] ˆ are very small. Therefore, (1 − m ) ∂τ1 {Z1 ∂p∂ρ1 [•] + Zˆ2 } will be very close to (1 − m ) ∂τ1 Z2 and 2



∂ p˜2 [•] ∂τ1



will be very close to



∂p2 ∂τ1



> 0. Moreover, Zˆ2 will be very close to



∂H[g1 ,g2 ] (τ2 k2 ∂g2



˜



∂ l2 + θ2 ) ∂ρ < 0. 2



Therefore, the additional net tax externality of first-period capital taxes will again be negative pushing also to too high first-period taxes.



6.2



Credible Taxation



Here, we investigate capital taxes with no pre-commitment in our basic two-period model. We also consider the more general preferences with H[g1,j g2,j ] replacing γ log[g1,j ] + βγ log[g2,j ]. To simplify exposition let us introduce here an ’artificial’ period t = 0, which is characterized by a public good level in each region of g0 . This is exogenously given in period t = 1 (the first-period of our model). It is during this ’artificial’ period that initial savings s1 are also determined. m Define now the period-t state At ≡ {{St,j }m j=1 , {gt−1,j }j=1 }, where St,j is the average saving in



region j in period t − 1, with S1,j ≡ s1 . We focus on sub-game perfect equilibria in symmetric and differentiable (pure) Markov tax-strategies. We thus restrict attention to strategies on the part of each and every country-j government of the form {τ1,j , τ2,j } = τj (A) ≡ {T1,j [A1 ], T2,j [A2 ]} for any 33



j, with Tt,j [•] being differentiable for any t = 1, 2. To define formally the (Markov Perfect) equilibria for our model, let us first denote with S¯t the 1 Pm average capital supply in period t. Note that S¯1 ≡ s1 and S¯2 ≡ m j=1 S2,j . ∗ m ∗ m ~∗ An MPE consists of the prices {ρ∗t,j }m j=1 and {wt,j }j=1 , t = 1, 2, allocations kt ≡ {kt,j }j=1 , m ∗ }m , ~ ∗ ∗ m ∗ m ∗ ~gt∗ ≡ {gt,j s∗2 ≡ {s∗2,j }m j=1 ct ≡ {ct,j }j=1 , t = 1, 2, and ~ j=1 , a profile of taxes {τj }j=1 = {τj (A)}j=1 ,



and a state-evolution equation At = A∗t [At−1 , ~τt−1 ], t = 1, 2, that satisfy: (a) c∗1,j , c∗2,j and s∗2,j are consistent with consumers’ utility maximization subject to own budget constraints for given state, ∗ = k[ρ∗ + τ ∗ ], (c) remunerprices and policies, (b) price- and tax-taking profit-maximization: kt,j t,j t,j ∗ = w[ρ∗ +τ ∗ ], (d) capital-market clearing: ρ∗ = f 0 [S ¯1 ] − τ1,j and ation of immobile factors: wt,j t,j t,j 1,j P ρ∗2,j = ρ[~τ2∗ , S¯2∗ ] ≡ ρ∗2 , where ρ[~τ2 , S¯2 ] is given implicitly by mS¯2 = j k[ρ2 + τ2,j ], (e) government∗ = τ ∗ k[ρ∗ + τ ∗ ], (f) (i){T ∗ [A ]}m is a Nash equilibrium of the sub-game between solvency: gt,j 2 j=1 t,j t,j t,j 2,j



countries defined by the state A2 , tax-actions τ2,j and payoffs W2,j [A2 , ~τ2 ], where W2,j [A2 , ~τ2 ] ≡ ∗ [A ]}m is a β{(1 + ρ[~τ2 , S¯2 ])S2,j + w[ρ[~τ2 , S¯2 ] + τ2,j ]} + H[g1,j , τ2,j k[ρ[~τ2 , S¯2 ] + τ2,j ]], and (ii) {T1,j 1 j=1



Nash equilibrium of the game between countries defined by the state A1 , tax-actions τ1,j and payoffs 1 Pm τ1 ; T~2∗ , A∗2 ]]]] + W1,j [A1 , ~τ1 ; T~2∗ , A∗2 ], where W1,j [A1 , ~τ1 ; T~2∗ , A∗2 ] ≡ u[c[ρ[T~2∗ [A∗2 [A1 , ~τ1 ]], m j=1 σj [A1 , ~ W2,j [A∗2 [A1 , ~τ1 ], T~2∗ [A∗2 [A1 , ~τ1 ]]], and (g) A∗t [•], t = 1, 2, describing in a compact way the evolution of the components of the state variable according to S1,j = s1 , S2,j = σj [A1 , ~τ1 ; T~2∗ , A∗2 ], g0,j = g0 and g1,j = τ1,j k[f 0 [S¯1 ]], for any j = 1, ..., m. In (f) and (g), σj [A1 , ~τ1 ; T~2∗ , A∗2 ] are the equilibrium first-period savings, given the first-period state and capital taxes. Formally, σj [A1 , ~τ1 ; T~2∗ , A∗2 ], j = 1, ..., m, is the solution with respect to {σj }m j=1 of the system: for any j = 1, ..., m, σj ≡ arg maxs {u[(1 + ρ1,j )s1 + w1,j − s] + β((1 + ρ2 )s + w2,j ) subject to w1,j = w[ρ1,j + τ1,j ], w2,j = ∗ [A ]], ρ 0 ∗ ~∗ ¯ w[ρ2 + T2,j τ1 ], and S¯2 = 2 1,j = f [s1 ] − τ1,j , ρ2 = ρ[T2 [A2 ], S2 ], A2 = A2 [A1 , ~



Pm



v=1



m



σv



,j =



1, ..., m, and for given taxes and state A1 }. A symmetric and differentiable MPE is an MPE in symmetric and differentiable strategies, i.e. when ∗ [A ] = T ∗ [A ] with T ∗ [•] being a differentiable function, for any j = 1, ..., m. Tt,j t t t t



6.2.1



Equilibrium



It follows directly from the definition of MPE that firms’ and households’ behavior is as in Section 3 of the paper. Also, for given first-period state and capital taxes, the equilibrium first- and second34



period interest rates are given by ρ∗1 = f 0 [s1 ]−τ1 and ρ∗2 = ρˆ2 [A1 , ~τ1 ; T2∗ , A∗2 ], where ρˆ2 [A1 , ~τ1 ; T~2∗ , A∗2 ] 1 Pm τ1 ; T~2∗ [A∗2 [A1 , ~τ1 ]], A∗2 [A1 , ~τ1 ]]], respectively. In addition, strategic ≡ ρ[T~2∗ [A∗2 [A1 , ~τ1 ]], m v=1 σv [A1 , ~ interaction between governments in the second period is identical to that in the static canonical model of capital tax competition, where capital supply and past public good level in each region are pre-determined (here at levels S2,j and g1,j ). In particular, in contrast to the pre-commitment case, we have that when second-period taxes are set governments take into account that k0 − Pm 2,jk0 . v=1 2,v



∂ρ2 ∂τ2,j



=



Following then similar steps to those in the canonical model, one can see that second-



period capital taxes will be too low,30 for any given state A2 with positive capital supply, S2 > 0. We turn to our focus: the MPE first-period capital taxes. After using the envelope theorem visa-vis consumers’ problem, the definition for MPE second-period capital taxes, the fact that in a symmetric equilibrium kt = St , pt + τt = f 0 [St ], gt∗ = Tt∗ [At ]St , t = 1, 2, and S1 = s1 , we have that, in an interior solution, T1∗ [A1 ] is such that: s1 β(1 + p2 ) ∂H[g1∗ , g2∗ ] s1 ∂g1 g ∗ 1 ∂p2 ∂H[g1∗ , g2∗ ] η[A2 ] 0 2 − ∂g2 f [S2 ] m ∂τ1 =



∗ [A∗ ] ∂T2,j g2∗ 1 ∂p2 ∂H[g1∗ , g2∗ ] 2 η[A2 ] 0 ( + 1) − ∂g2 f [S2 ] m ∂τ2 ∂τ1,j m ∗ [A∗ ] ∂H[g1∗ , g2∗ ] g2∗ 1 ∂p2 X ∂T2,v 2 − η[A2 ] 0 ( ), ∂g2 f [S2 ] m ∂τ2 ∂τ1,j v=1 v6=j



0



where η[At ] ≡ − f 00f [S[Stt]S] t , t = 1, 2, with



∗ [A∗ ] ∂T2,v 2 ∂τ1,j , v



= 1, ..., m, being evaluated at the symmetric



equilibrium. Note that for the social planer’s problem one would just have to set m = 1 above. 30



In fact, we have that the welfare effect of starting from a symmetric equilibrium and increasing marginally all



second-period taxes by the same amount, for given state A2 is Wτ2 ≡ −



∗ βγ T2 [A2 ] 1 (1 − m ) g2 f 00 [S2 ]



> 0. Thus, an unanticipated



coordinated increase of the same size in second-period capital taxes across regions is welfare improving. Note, however, that in (a symmetric) equilibrium, for given first-period state A1 and capital taxes τ1 and for given anticipated secondperiod capital taxes τ2 , first-period savings are given by s2 = s[f 0 [s1 ] − τ1 , f 0 [s2 ] − τ2 , w[f 0 [s1 ]], s1 ], where we have made use of the fact that in a symmetric equilibrium pt + τt = f 0 [st ]. Note that



∂s2 ∂τ2



= −



∂s[•] ∂ρ2 ∂s[•]



1− ∂ρ f 00 [s2 ] 2



< 0. So,



similarly to Kehoe (1989), if households anticipated a coordinated increase of the same size in all national secondperiod capital taxes they would save less than S2 in the first period in order to avoid the higher taxes. This would lead to lower equilibrium supply of second-period capital than S2 . Thus, an anticipated attempt to increase uniformly all second-period taxes may not be welfare improving.
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As in the corresponding problem under pre-commitment, the typical government takes into account that its tax choice will affect own welfare directly and by affecting the first- and second-period interest rates, for any given second-period taxes. This is captured by the term at the left-hand side and the first two terms at the right-hand side of the above equilibrium condition. Nevertheless, under non-commitment, second-period taxes in the other jurisdictions do depend on domestic first-period tax-choices. So, now, the typical government takes also into account that its tax-choices will affect future interest rates by means of influencing future taxes in other regions. This is captured by the fourth term at the right-hand side of the above equilibrium condition. Under no pre-commitment, governments also take into account that their current tax-choices will also affect own tax-choices and hence the interest rate in the future. The corresponding welfare effect is reflected in the third term at the right-hand side of the above equilibrium condition. Crucially, this effect is not of second-order. The reason is that the ex ante perceived elasticity of the second-period interest rate with respect to second-period capital taxes is different from the ex post one. This follows from the fact that when second-period taxes are set first-period savings are pre-determined, while first-period savings are responsive to (rationally anticipated) tax-changes when first-period taxes are set. In particular, the ex ante marginal effect of a country’s second-period tax on the second-period interest rate, evaluated at a symmetric equilibrium, is



1 ∂p2 m ∂τ2 .



Instead, the ex post



1 . marginal effect is − m



Conditional on existence, let us turn to the efficiency properties of the MPE first-period capital taxes. Using similar steps to those in Section 3, the total externality of first-period taxes is captured by: WτN1 C ≡ 1 ∂H[g1∗ , g2∗ ] g ∗ ∂p2 ){ η[A2 ] 0 2 } m ∂g2 f [S2 ] ∂τ1 m ∗ [A ] ∗ [A ] ∂T2,j 1 ∂H[g1∗ , g2∗ ] g∗ ∂p2 X ∂T2,v ∂p2 2 2 −(1 − ) η[A2 ] 0 2 { ( )+( + 1) }, m ∂g2 f [S2 ] ∂τ2 ∂τ1,j ∂τ2 ∂τ1,j −(1 −



v=1 v6=j



where, note,



∗ [A ] ∂T2,v 2 ∂τ1,j ,



v, j = 1, ..., m, are evaluated at a symmetric MPE equilibrium. So, taxes are



too high if WτN1 C < 0, and vice versa. In our work, we emphasize that changes in domestic first-period taxes will affect future tax revenues across countries when an integration of capital markets is rationally anticipated to take place in the 36



future. These intertemporal external effects will be of three kinds under no pre-commitment. The first will be of the type we have already identified in Section 3 of the paper. Namely, through the effect of current taxes on the future interest rate for any given future capital taxes. This externality, for any given future taxes, is captured by the first term in the above formula. Our discussion in Section 3 of the paper applies here as well. The second kind of intertemporal externality - which is ignored by competing countries - arises through the dependence of the future interest rate (and hence of future tax revenues abroad) on future taxes across countries, which, in turn, are affected by changes in all first-period capital taxes. This externality is captured by the second term in the above formula. Note here that



∂p2 ∂τ2



+1



captures the difference between the ex ante and the ex post effects of the second-period tax on the second-period interest rate. Recalling our discussion of Section 3 of the paper, we have that the first term of WτN1 C is negative. The other term, on the other hand, has two parts with opposite signs that depend on the effects of current on future capital taxes. The latter will depend on the specifics of preferences and technology, and hence is a matter of empirical investigation. Such a task however is out of the scope of the current paper. In general, after recalling that −1 



∂p2 ∂τ2



< 0, we have that if future taxes are



increasing with current taxes then the first part is positive, while the second part is negative. Conversely, if future taxes are decreasing with current taxes.



6.3



T −Period Model



In this Section we show that the main insights of our 2-period model extend to the T −period version of our model, with T > 2, and additive time-separable intertemporal utility. Note that T can be finite or infinity. We envisage an environment where in period t = 1 it is agreed between the countries to collectively abolish all capital controls from period t = 2 and onwards. Thus, in period t = 1 there is no capital mobility, while there is perfect capital mobility for every period t > 1. Having CMI in a period 1 < x < T would not affect qualitatively the results.
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6.3.1



The Model



The description of the firm and the government stay the same as in the 2-period model. So, profitmaximization implies f 0 [kt,j ] = ρt,j + τt,j , the current user-cost of capital, ρt,j + τt,j , affects negatively the current returns to the fixed factor, w[ρt,j + τt,j ], and the government’s budget constraint in period t is gt,j = τt,j kt,j . For the typical resident in country j, preferences in period t are defined over consumption, ct,j and national public good, gt,j . Let temporal utility be u[ct,j ] + Γ[gt,j ]. Assume that u0 > 0, u00 < 0, Γ0 > 0, Γ00 < 0, and the Inada conditions limc→0 u0 [c] = ∞, limc→∞ u0 [c] = 0, limg→0 Γ0 [g] = ∞ and limg→∞ Γ0 [g] = 0. Each citizen, decides in each period t upon her consumption and purchases of real bonds st+1,j carried forward into the next period. In each period, her income consists of (a) the remuneration of the domestic fixed factor, and (b) the returns from bonds brought forward from the previous period. The period-t budget constraint of the representative consumer in country j is given, in real terms, by: st+1,j + ct,j =



(11)



(1 + ρt,j )st,j + w[ρt,j + τt,j ]. After defining with β the discount factor, utility maximization for given prices and policies subject to the above constraints and the solvency constraint limt→∞



st+1,j Qt



v=1 (1+ρv,j )



≥ 0 if T ≡ ∞, or sT +1,j ≥ 0



if T is finite, gives the first-order condition u0 [ct,j ] = β(1 + ρt+1,j )u0 [ct+1,j ] and the transversality condition st+1,j = 0, if T ≡ ∞, v=1 (1 + ρv,j )



lim Qt



t→∞
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(12)



or the terminal condition sT +1,j = 0, if T is finite. Therefore, after solving the above system of difference equations (11) and (12), alongside the initial value s1,j = s1 and the transversality/terminal condition we have that equilibrium consumption and savings in any period are functions of the whole path of interest rates and capital taxes. Denote the resulting equilibrium savings with st [{ρv,j }Tv=1 , {τv,j }Tv=1 ], with s1 [•] ≡ s1 > 0 being pre-determined. We will discuss in more detail this solution in a while. Before we do so, we turn to the discussion of market-clearing. Equilibrium in the market for capital in period t = 1 is as in the main text, and hence ρ1 = f 0 [s1 ] − τ1 , while for period t > 1 is given by X



k[ρt + τt,j ] =



j



X



st,j



(13)



j



The left-hand side is the total demand for capital. The right-hand side is the total supply of capital. Let ρt = ρt [{{τv,j }Tv=1 }m j=1 ] be the equilibrium period−t interest rate (where we have suppressed the dependence on s1 ) fort > 1. Note that in a symmetric equilibrium we have τt,j = τt , kt,j = kt = st = st,j for any j, t and hence the symmetric equilibrium interest rate is given by pt = f 0 [st ] − τt for any t ≥ 1.



(14)



Let pt = pt [{τv }Tv=1 ] be the symmetric equilibrium period−t interest rate with p1 [.] = f 0 [s1 ] − τ1 .



6.3.2



Competitive Equilibrium



It is straightforward to see that for a given path of common across countries capital taxes, competitive equilibrium in the closed economy variant of this model coincides with the competitive equilibrium of an economy with perfect capital mobility in every period t > 1 when countries are a priori identical. Also, competitive equilibrium in a closed economy for the optimal tax-path coincides with the second-best efficient allocation of the model with perfect capital mobility in every period t > 1 and
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a priori identical countries.31 Let sct [{τv }Tv=1 ], t = 2, ..., T, be the solution of the system st = st [{ρv }Tv=1 , {τv }Tv=1 ] and ρt = f 0 [st ] − τt , t = 1, ..., T, with s1 [•] = sc1 ≡ s1 , with respect to savings. These are the equilibrium savings in a competitive equilibrium when paths of national taxes are identical across countries. T m T T Let also sot,j [{{τv,j 0 }Tv=1 }m j 0 =1 ] ≡ st [{ρv [{{τκ,j 0 }κ=1 }j 0 =1 ]}v=1 , {τv,j }v=1 ], t = 2, ..., T . These are the



country-j equilibrium savings in a competitive equilibrium under perfect capital mobility for every t > 1 and the paths of national taxes being, possibly, different. We have, as in the 2-period model, that



∂p1 [{τv }T v=1 ] ∂τ1



= −1,



∂p1 [{τv }T v=1 ] ∂τκ



= 0, κ > 1, and



Lemma A1: In a symmetric equilibrium, ∂ρt [{{τv,j }Tv=1 }m 1 ∂pt [{τv }Tv=1 ] j=1 ] = . m ∂τκ ∂τκ,i for any i, j = 1, ..., m, t = 2, ..., T and κ = 1, ..., T. Proof. From the capital market-clearing condition for t > 1 we have ∂ρt [{{τv,j }Tv=1 }m j=1 ] = ∂τκ,i where Iκ = 1 and It = 0 if t 6= κ,



∂sot,j ∂τκ,i



≡



∂sot,j j ∂τκ,i



P



P



j



0 − It kt,j 0 kt,j



m ∂sot,j [{{τv,j 0 }T v=1 }j 0 =1 ]



∂τκ,i



,



0 ≡ and kt,j



∂k[ρt +τt,j ] ∂ρt



=



∂k[ρt +τt,j ] . ∂τt,j



Evaluating the above at τv,j = τv for any i, j, = 1, ..., m, v = 1, ..., T we have ∂ρt [{{τv }Tv=1 }m j=1 ] = ∂τκ,i where kt0 ≡ ∂sρt ∂τκ,i



≡



∂k[ρt +τt ] ∂ρt



PT



v 0 =1



=



∂k[ρt +τt ] ∂sot , ∂τκ,i ∂τt



≡



∂sot ∂τκ,i



∂sρ



t + (m − 1) ∂τκ,i − It kt0



mkt0



m ∂sot,i [{{τv,j 0 }T v=1 }j 0 =1 ]



∂τκ,i



m T ∂ρv0 [{{τv }T ∂st [{ρv }T v=1 }j=1 ] v=1 ,{τv }v=1 ] ∂ρv0 ∂τκ,i



,



,



evaluated at ρv = f 0 [scv [{τv0 }m v 0 =1 ]] − τv for any



v = 1, ..., m. Let now



∂ρt ∂τκ



be the marginal effect on the equilibrium interest rate from changing all period-κ



national taxes by the same very small amount, while starting from τv,j = τv for any j, v, and 31



Thus, the literature that stems from Chamley (1986) and Judd (1985) can be used here to describe the efficient



allocation when T ≡ ∞, but not the non-cooperative symmetric equilibrium. Another difference with that literature is that here the public good is endogenous. So, while here the Inada conditions will imply that capital taxes will be positive and hence gt > 0 for every period, in a model with exogenous public good capital taxes might eventually be zero.
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maintaining the taxes in all periods other than κ unchanged. Clearly, given the observational equivalence, in our set-up, of a closed economy and an open (from period t = 2 and onwards) economy with the same (and common across countries) tax-paths, we have that



∂ρt ∂τκ



=



∂pt ∂τκ .



The proof is then complete after noting from totally differentiating the capital market-clearing m Pm ∂ρt [{{τv }Tv=1 }m ∂ρt [{{τv }T ∂ρt v=1 }j=1 ] j=1 ] condition for t > 1 that ∂τ = = m . i=1 ∂τ ∂τ κ κ,i κ,i That is, from the point of view of country i, the marginal effect of an i−country’s period-κ capital tax on the period–t equilibrium interest rate, when evaluated at a symmetric equilibrium, equals the marginal effect of the symmetric equilibrium period-κ capital tax on the period-t symmetric equilibrium interest rate. To investigate the robustness of our result in the two-period model, we restrict attention to the first-period taxes (i.e. κ = 1 in the above). We thus characterize in what follows the marginal equilibrium effects on savings and consumption over time of changing the first-period capital taxes across countries by the same amount, starting from a position where all capital taxes across countries are identical. Essentially, these effects coincide with the corresponding effects in a closed economy. Thus, when period-t taxes are identical across countries, for any t, we have from consumer’s optimization problem the following system of difference equations u0 [ct ] = β(1 + f 0 [st+1 ] − τt+1 )u0 [ct+1 ] st+1 = (1 − τt )st + f [st ] − ct



(15) (16)



The solution of this system of non-linear non-autonomous difference equations, alongside the initial and transversality/terminal conditions for savings, gives a solution for savings and consumption as a function of the whole path of capital taxes. From the above system we have u00 [ct ]



where



∂s1 ∂τ1



∂ct ∂st+1 0 ∂ct+1 − βf 00 [st+1 ] u [ct+1 ] = β(1 + f 0 [st+1 ] − τt+1 )u00 [ct+1 ] ∂τ1 ∂τ1 ∂τ1 ∂st+1 ∂s ∂c t t = (1 + f 0 [St ] − τt ) − − It s1 , ∂τ1 ∂τ1 ∂τ1



(17) (18)



= 0 and, with some abuse of notation, I1 ≡ 1 while It ≡ 0 otherwise. This system will



be used repeatedly in deriving Lemmas A3 and A4 below. Before we do so, we will also need the following Lemma. Lemma A2: In a symmetric equilibrium,



∂c1 ∂τ1



+



PT
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∂cv ∂τ1



v=2 Πvz=2 (1+pz )



+ s1 = 0



Proof. After iterating (16) and making use of the transversality/terminal condition we arrive at the following intertemporal budget constraint T X v=1



T



X w[pv + τv ] cv = (1 + p )s + , 1 1 Πvz=2 (1 + pz ) Πvz=2 (1 + pz ) v=1



where we use the convention that Π1z=2 (1 + pz ) ≡ 1. Thus, ∂pi T T ∂cv X ki ∂τ ∂c1 X ∂τ1 1 = −s1 − + Qi ∂τ1 Πvz=2 (1 + pz ) (1 + pz ) z=2 v=2



−



i=2



T X



∂pi ∂τ1



i=2



(1 + pi )



{



T X v=i



w[pv + τv ] − cv }. Πvz=2 (1 + pz )



Using once more the intertemporal budget constraint, the above can be re-written as ∂pi T T ∂cv X ki ∂τ ∂c1 X ∂τ1 1 + = −s − Q 1 i ∂τ1 Πvz=2 (1 + pz ) z=2 (1 + pz )



−



T X i=2



v=2 ∂pi ∂τ1



i=2



i−1 X cv − w[pv + τv ] − (1 + p1 )s1 }. { (1 + pi ) Πvz=2 (1 + pz ) v=1



At this stage, note, after backward iteration of the private budget constraint and use of the initial condition for savings, that for any t ≥ 1 st+1 = Πtz=1 (1 + p1 )s1 +



t X



(w[pv−1 + τv−1 ] − cv−1 )Πtz=v (1 + pz ) + w[pt + τt ] − ct



v=2



=



Πtz=2 (1



+ pz ){(1 + p1 )s1 + w[p1 + τ1 ] − c1 +



t X w[pv + τv ] − cv



Πvz=2 (1 + pz )



v=2



}.



Therefore, i−1 X cv − w[pv + τv ]



Πvz=2 (1 v=1



+ pz )



− (1 + p1 )s1 = − Qi−1



si



z=2 (1



+ pz )



.



So, in a symmetric equilibrium, where si = ki , we have, using the above, that T



∂c



v ∂c1 X ∂τ1 + = −s1 . ∂τ1 Πvz=2 (1 + pz )



v=2



We are ready to prove the following very important Lemmas Lemma A3: In a symmetric equilibrium, Proof. Clearly, from (18), if (17),



∂cv+1 ∂τ1



∂cv ∂τ1



≥ 0 and



∂c1 ∂τ1



∂sv ∂τ1



< 0 and s1 +



∂c1 ∂τ1



> 0.



≤ 0 for some finite v, then



∂sv+1 ∂τ1



≥ 0. The latter two inequalities imply, in turn, from (18), that 42



≤ 0 and, hence, from



∂sv+2 ∂τ1



≤ 0 and, hence,



from (17), ∂cv ∂τ1



∂cv+2 ∂τ1



≥ 0, and so on. Thus, we have, in a straightforward manner, that if



> 0 for any v ≥ 2. But this violates Lemma A2. So,



imply, from (17), that



∂c2 ∂τ1



∂s2 ∂τ1



< 0. We, thus, have from (18), due to



∂s2 ∂τ1



∂c3 ∂τ1



The latter two inequalities imply, in turn, from (17), that if T > 3, and so on. Therefore, we have s1 +



∂c1 ∂τ1



∂cv ∂τ1



≥ 0 then



< 0.



≤ 0 then, from (18),



In a similar way, we have that if s1 +



∂c1 ∂τ1



∂c1 ∂τ1



∂c1 ∂τ1



∂c1 ∂τ1



< 0,



< 0, that



∂s3 ∂τ1



> 0.



< 0 and, hence, from (18),



∂s4 ∂τ1



> 0,



≥ 0. This, alongside ≥ 0 and



∂c2 ∂τ1



< 0 for any v ≥ 2. But this violates Lemma A2. So,



> 0.



The above Lemma implies that initial consumption is not very responsive to the first-period capital tax, and thereby first-period savings decrease with the initial tax (recall that s2 = (1+f 0 [s1 ]−τ1 )s1 ). As we will see next this implies that savings in each period are decreasing with the initial tax. Lemma A4: Let Ξ[κ] ≡ s1 +



Pκ



v=1



∂cv ∂τ1 v Πz=2 (1+pz )



equilibrium, that (a) Ξ[κ + 1] < Ξ[κ], and (b)



P0



, κ ≥ 0 (with ∂sv+1 ∂τ1



v=1 xκ



≡ 0). We have, in a symmetric



< 0 for any 1 ≤ v < T.



Proof. First, recall from the previous two Lemmas that



∂c1 ∂τ1



< 0, Ξ[1] > 0 and Ξ[T ] = 0. So,



Ξ[T ] < Ξ[1] < Ξ[0] ≡ s1 . Suppose now that Ξ[v − 1] > Ξ[v], v ≥ 1. Clearly, we have ∂c1 We have two cases. Suppose first that Ξ[v] > 0, and hence Πvz=2 (1+pz ){s1 + ∂τ }+ 1 ∂ci + pz ) ∂τ 1



∂cv ∂τ1



> 0. It follows from (18) that



∂sv+1 ∂τ1



Thus, ∂sv+1 ∂τ1



∂cv+1 ∂τ1



∂ci ∂τ1



Pv−1 i=2



< 0. Πvz=i+1 (1+



< 0. Also, Ξ[v] > 0 implies, due to Ξ[T ] = 0, that



Ξ[T ] − Ξ[v] < 0. These last two observations imply that we would have from (17) and (18) that



∂cv ∂τ1



∂cv+1 ∂τ1



< 0; otherwise, due to



∂sv+1 ∂τ1



< 0,



≥ 0 for any i ≥ v + 1, which violates Ξ[T ] − Ξ[v] < 0.



< 0 and, hence, Ξ[v] > Ξ[v + 1]. Suppose now that Ξ[v] ≤ 0. It follows from (18) that



≥ 0. This, alongside



∂cv ∂τ1



< 0, imply from (17) that



∂cv+1 ∂τ1



< 0. Thus, Ξ[v] > Ξ[v + 1]. This



proves the first part. Since, Ξ[κ] is strictly decreasing and Ξ[1] > Ξ[T ] = 0, we have that Ξ[κ] > 0, and thereby



∂sκ+1 ∂τ1



< 0,



for any T > κ ≥ 1. We are now ready to discuss the efficiency properties of the symmetric non-cooperative equilibrium first-period tax.
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6.3.3



Non-Cooperative Equilibrium and Efficiency Analysis



In a symmetric non-cooperative equilibrium the typical national government’s first-order condition with respect to τ1 , for given equilibrium path of capital taxes in other periods and abroad is u0 [c1 ]k1 = Γ0 [g1 ](k1 + τ1 k10 ) +



T X



β t−1 Γ0 [gt ]τt kt0



t=1



1 ∂pt . m ∂τ1



This, alongside gt = τt kt , st = kt , (15), (16) and the boundary values for savings, determine the symmetric non-cooperative equilibrium. This, would coincide with the equilibrium of a closed economy if m = 1. 1 It follows, after using st = kt and 0 = k10 ( ∂p ∂τ1 + 1) (from period-1 market-clearing), that, here, the



marginal welfare effect from a change in all first-period taxes across countries by the same amount and starting from their symmetric equilibrium level is equal to: T



1 X t−1 0 1 ∂st (1 − ) β Γ [gt ]gt . m kt ∂τ1 t=2



Similarly to our basic two-period model, this term captures the intertemporal externality we emphasize in this work. Clearly, given Lemma A4, this is negative. Thus, first-period capital taxes are inefficiently too high.
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