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Introduction



We present a stylized two-period model of portfolio choice and parameterize it to some key moments of returns on aggregate stock market indices. We use the model to compare the true nonlinear portfolio solution with the solutions from two approaches that belong to the class of local approximation methods, developed by Judd and Guu (2001, hereafter ’JG’) and Devereux and Sutherland (2010, 2011, hereafter ’DS’). The DS solution approach has received considerable attention in solving portfolio problems in dynamic macroeconomic models in the recent past.1 While the two-period setting of the present paper ignores the main advantages of the DS method, which lie in obtaining portfolio solutions in dynamic settings (possibly in environments with many states variables), it nevertheless is able to shed light on some of its properties.2 While DS and JG solution approaches are fundamentally similar, as they both are based on a Taylor-series approximation around the non-stochastic steady state, we ﬁnd important diﬀerences between the results that they produce (as currently implemented). Devereux and Sutherland (2010, 2011) are mainly interested in incorporating the portfolio problem into dynamic macroeconomic models, and so they concentrate on approximating the solution in the direction of the model’s state variables, at the same time neglecting the eﬀect of the size of the shocks.3 As a result, we ﬁnd that in our two-period model, their approach delivers the constant portfolio solution independent of the size of the shocks. At the same time, we show that the true solution generally depends on the size of uncertainty, with skewness, kurtosis and higher-order moments of the distribution of underlying shocks aﬀecting the results. The JG bifurcation method is able to capture this dependency: its zero-order portfolio solution component coincides with DS, while its higher-order solutions components account for variations of the size of uncertainty. Even the second-order JG solution is able to account for the eﬀects of skewness and kurtosis of equity returns on the solution. We show that the resulting discrepancy between the DS and JG solutions can be nontrivial. This makes extending the DS approach to take into account the eﬀect of the size of uncertainty a valuable exercise.4
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Model



The world consists of two countries. In each there lives a representative investor for two periods, consuming a single consumption good in period 2. In period 1 investors decide on a portfolio over two assets: equity – a claim on the total world’s output –, and a risk-free bond. The bond yields one unit of period-2-consumption and serves as numeraire, i.e., the period 1 bond price is normalized to 1. Each share has price p in period 1 and has a random period 2 1



Together with the contributions of Tille and van Wincoop (2007) and Evans and Hnatkovska (2005, 2012). We perform a more extensive evaluation of the DS method, in a dynamic setting, in a companion paper, Rabitsch et al. (2014). 3 This is for simplicity of exposition. It also squares with the intuition that in standard macro models the size of the shocks does not aﬀect the solution up to the ﬁrst-order of approximation (see Schmitt-Groh´e and Uribe (2004) and Jin and Judd (2002)). However, the JG solutions shows that this intuition does not apply to a model with portfolio choice. 4 Since both approaches are based on Taylor series approximations, the intuition suggests that this should be possible. We thank the referee for this point. 2
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{ } value, Y = 1 + εz. We assume E {z} = 0 and E z 2 = 1. In addition, we assume that the support for z is bounded from below, so that Y > 0 for all ε and z. Each investor i starts with b0i units of bonds and θi0 shares of equity. Investors’ utility is given by ui (Ci ) = Ci1−γi / (1 − γi ). Ci denotes investor i’s period- 2-consumption which equals her ﬁnal wealth. Without loss of generality, we assume θ10 + θ20 = 1; this implies that z denotes aggregate risk in the world endowment Y . Let θi be the shares of equity and bi bonds held by investor i after trading in period 1. Investor i solves: max Eui (Ci ) θi ,bi



s.t.: θi0 p



+ b0i = θi p + bi



(budget constraint in period 1)



Ci = θi Y + bi , ∀Y



(budget constraints in period 2)



Market-clearing implies θ1 + θ2 = 1, b1 + b2 = 0. Deﬁne θ = θ1 ; then θ2 = 1 − θ. Also, denote b1 = b = −b2 . Similarly, initial endowments θ0 = θ10 , θ20 = 1 − θ0 , and b01 = b0 = −b02 . The model’s equilibrium conditions can be reduced to a system of two equations in θ and p: [



2.1



H (θ (ε) , p (ε) , ε) = ] ] ′ 0 0 [E′ u1 (θY + b +0(θ −0θ)p)(Y − p) ] = 0. E u2 ((1 − θ)Y − b − (θ − θ)p)(Y − p) [



(1)



Portfolio solution methods



We comment only on the main points of the various portfolio solution approaches, and refer the interested reader to the appendix for further documentation. To obtain the nonlinear (quadrature) portfolio solution in this simple economy, called ’true solution’ hereafter, we approximate the expectations operator using quadrature methods and solve system (1) using a nonlinear equations solver. To apply the Devereux and Sutherland solution approach, we use DS’ notation convention and express ]portfolio holdings in terms of assets in zero-net supply, αt = [αe ; αb ] = [ (θ − θ0 )p; b − b0 . . Following Schmitt-Groh´e and Uribe (2004) and Jin and Judd (2002) we can think of the true policy function for αt , in a recursive economy, as a function that depends on the model’s state variables, xt , and on a parameter that scales the variancecovariance matrix of the model’s exogenous shock processes, ε; that is, αt = α (xt , ε). In contrast to a standard Taylor series expansion to αt = α (xt , ε), the DS approximate portfolio solution, as described in Devereux and Sutherland (2010, 2011), considers only how variations in the model’s state variables, xt , aﬀect the optimal portfolio solution, but ignores the eﬀect of variations in the size of uncertainty, ε. Because our model is static (we have x ˆ = 0), the portfolio solution under DS is: αe =



γ2 − γ1 θ0 (1 − θ0 ). γ1 (1 − θ0 ) + γ2 θ0



Or, for θ: θ = θ0 +



αe , where αe = αe . p
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(2)



(3)



The property of αe which is key here, is that it is invariant to the size of the shock z, and as a result, of any other statistical properties (skewness, kurtosis etc.). To obtain the Judd-Guu portfolio approach, using bifurcation methods, we closely follow the steps outlined in Judd and Guu (2001). Unlike the DS approach, the JG solution depends on the size of uncertainty, and, as result, on higher-order moments of assets’ returns. Namely, the ﬁrst-order terms of JG’s approximate solution depend on the returns’ skewness, while the second-order terms depend on their kurtosis.
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Results



Consider a setup of countries with identical initial endowments, b0i = 0 and θi0 = 0.5 for country i = 1, 2, but assume country 2 is twice as risk averse, reﬂected by γ1 = γ2 /2. In our numerical examples, we take the robust empirical stylized fact of positive and non-normally distributed equity premia seriously. We model world output endowment, Y = 1 + εz, through a Normal-inverse Gaussian (N.I.G.) distribution.5 This gives us enough ﬂexibility to target mean, standard deviation, skewness and kurtosis of equity (excess) returns in our model, to the observed moments of excess returns of aggregate stock market indices reported in Guidolin and Timmermann (2008), for Paciﬁc-ex-Japan, United Kingdom, United States, Japan, Europe-ex-UK, and World, based on monthly MSCI indices – repeated in columns 1-4 of Table 1.6 Figure 1 plots the portfolio solution for country 1’s equity share, θ, as a function of the size of uncertainty ε, for two illustrative examples: ’United Kingdom’ (panel A) and ’Paciﬁcex-Japan’ (panel B). The ﬁrst region’s MSCI displays positive, the latter’s negative skewness; both display substantial kurtosis. The solid red line displays the true portfolio solution: as country 1 is less risk averse, it chooses to hold a higher share of equity than initially endowed with (θ > θe = 0.5), which it ﬁnances by going short in debt. Also, the solution for θ depends on the size of uncertainty: for the UK case we observe that country 1’s optimal share in equity initially increases, and then decreases, as ε increases. For Paciﬁc-ex-Japan θ continuously decreases. The portfolio solution obtained by the Judd-Guu approach can help understand the mechanisms that drive these results in more detail. The positive skewness of the UK’s MSCI return index (0.75) leads to a positive slope of the ﬁrst-order (linear) Judd-Guu solution: positive skewness means shifting more weight to ’good’ outcomes, such that an investor would demand more of the risky asset. Positive skewness therefore works to increase country 1’s optimal equity holdings, θ, as ε increases. While this logic applies to both investors JG show that the 5 The N.I.G. distribution has experienced recent interest in the ﬁnance literature because of its ﬂexibility in capturing non-normal properties of asset pricing data (see e.g. Colacito et al. (2012)). 6 In particular, index we consider, we choose 4 parameters of the N.I.G. distribution to make { } for each { MSCI } sure that E z 3 and E z 4 match { the } observed skewness and kurtosis of that MSCI index’ returns from the data, and that E {z} {= 0} and E z 2 = 1 (the normalization assumed by Judd and Guu (2001), which we follow here). Since E z 2 = 1, we control the volatility of the return process through the choice of ε. In our ) ( 2 = pε2 = ε2 [E (Re )]2 , because model the variance of gross equity return, Re , is given by var(Re ) = var 1+εz p std(r data )



e , where redata is the net return in the [E (redata )+1] data. Finally, we pick our ﬁnal free parameter, γ2 , to match the observed mean excess equity return.



E[z 2 ] = 1 and [E (Re )] = 1/p. Using this result, we set ε =
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Figure 1: Equity shares held by country 1 investor. Panel A and B refer to the parameterizations for the UK and Paciﬁc stock market facts respectively. Circles correspond to the value of ε used in the calibration. United Kingdom
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strength with which equity demand increases in such case depends on investors’ relative ’skewtolerance’. For the CRRA preference speciﬁcation we use, skew-tolerance is always larger for the less risk-averse country, implying that country 1’s appetite for taking risk increases more strongly and its chosen equity position goes up under positive skewness as ε increases.7 Panel B, ’Paciﬁc-ex-Japan’, provides a diﬀerent example: returns display negative skewness (−2.3). This implies that the return distribution is more heavily shifted towards ’bad’ outcomes, so investors demand less of the risky asset. Since the skew-tolerance coeﬃcient continues to be higher ( ) for country 1, but now, because of negative skewness, multiplies a negative number E z 3 , the slope from the ﬁrst-order part of the JG solution is negative: the less risk averse country 1 decreases its holdings of risky assets as ε increases. The second-order JG solution is able to the capture eﬀects of kurtosis on the portfolio solution. MSCI return-indices of both regions are characterized by substantial kurtosis (10.3 for UK, 22.3 for Paciﬁc-ex-Japan). Kurtosis means putting more weight to tail events, so as ε increases, this leads an investor to reduce demand for the risky asset. Again, this logic applies to both investors, the relative strength of this eﬀect depends on investors’ relative ’kurtosis-tolerance’. For CRRA preferences kurtosis-tolerance is lower for the less risk-averse country8 , so that the reduction in the demand for risky assets due to (excess) kurtosis is more pronounced for the less risk-averse country: as ε increases, country 1’s equity share further decreases. Finally, the black dashed line in Figure 1 shows results from applying the DS solution approach. The DS solution coincides with the constant (zero-order) component of the JuddGuu solution. As explained in section 2 the portfolio solution under DS is a function of state 7



′ ′′′ 1 u (Ci ) u (Ci ) , for country i = 1, 2. For CRRA 2 u′′ (Ci ) u′′ (Ci ) ∂ρ this case ∂γi = − 2γ12 < 0. Therefore, with γ1 < γ2 i



Judd and Guu (2001) deﬁne ’skew-tolerance’ as ρ (Ci ) =



preferences this is given by ρ (Ci ) =



1 γi +1 . 2 γi



Note that in



we have that ρ (C1 ) > ρ (C2 ). ′′′′ (Ci ) u′ (Ci ) u′ (Ci ) 8 JG’s deﬁnition of ’kurtosis-tolerance’ is given by κ (Ci ) = − 13 uu′′ (C . For CRRA preferences, ′′ ′′ i ) u (Ci ) u (Ci ) i +2) κ (Ci ) = − 13 (γi +1)(γ . Note that in this case γ2 i



∂κ ∂γi



=



κ (C2 ).
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γi +2 γi3



> 0. Therefore, with γ1 < γ2 we have κ (C1 ) 



Asset UK Paciﬁc-ex-Japan World US Japan Europe-ex-UK



Mean,% 0.7503 0.3892 0.4560 0.5415 0.3733 0.4158



Data SD,% Skew 6.1898 0.7587 7.0538 -2.2723 5.174 -0.8711 4.4825 -0.7084 6.4830 0.0700 5.0578 -0.5672



Kurt 10.316 22.297 6.9133 5.9138 3.5044 4.6124



θDS 0.6667 0.6667 0.6667 0.6667 0.6667 0.6667



γ2 /γ1 = 2 θJG 0.6626 0.6427 0.6607 0.6623 0.6653 0.6631



θtrue 0.6608 0.6282 0.6588 0.6607 0.6642 0.6620



θDS 0.7500 0.7500 0.7500 0.7500 0.7500 0.7500



γ2 /γ1 = 3 θJD 0.7449 0.7195 0.7424 0.7445 0.7483 0.7454



θtrue 0.7417 0.6973 0.7396 0.7421 0.7466 0.7439



Table 1: Optimal equity holdings obtained by diﬀerent portfolio solution methods; model calibrated to (various regions’) return data on MSCI aggregate stock market indices by Guidolin and Timmerman (2008). variables only, and not a direct function of the size of uncertainty, ε. Since, in this simple static model there is no variation in states, the obtained constant solution is not only the zero-order solution, but actually corresponds to the DS solution up to any order. Table 1 reports the optimal portfolio solutions for all other regions, calibrated to the respective MSCI return indices. Columns 5-8 (9-12) report the true portfolio solutions, the (second-order) JG solution, and the DS solution, for the scenario in which country 2 is twice (three times) as risk averse as country 1. The largest discrepancies emerge for MSCI Paciﬁcex-Japan: the diﬀerence to the true solution of the equity share obtained by the (second-order) JG solution is −2.31% (−3.14%), the diﬀerence of the DS solution −6.13% (−7.56%).
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Conclusions



In a two-period model, calibrated to match key moments of returns on aggregate stock market indices, we ﬁnd that DS and JG solutions coincide in the limit where uncertainty vanishes, but else diﬀer. As currently implemented, the DS approach does not account for variations in the size of uncertainty (and its interactions with other statistical properties of returns, such as skewness and kurtosis), unlike JG. We show that the resulting discrepancy between the DS and JG solutions can be non-trivial. This makes extending the DS solution to take into account the eﬀect of the size of uncertainty an interesting direction for future research.
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A A.1



Appendix Model Equilibrium Conditions



The optimization problem of investor i, for i = 1, 2, and market-clearing gives rise to the following system of equilibrium conditions: (E1): (E3): (E5): (E7):



λ1 = E [u′1 (C1 )] , pλ1 = E [u′1 (C1 )Y ] , C1 = θY + b, ∀Y, θ0 p + b0 = θp + b,



(E2): λ2 = E [u′2 (C2 )] , (E4): pλ2 = E [u′2 (C2 )Y ] , (E6): C2 = (1 − θ)Y − b, ∀Y,



with unknowns: C1 , C2 , θ, b, p, λ1 , λ2 ; λi denotes the Lagrange multiplier on investor i’s period 1 budget constraint. In addition, denote the return on equity by Re = Y /p, bond return Rb = 1, and excess return, Rx = Re − Rb . The above equilibrium conditions can be further reduced to a system of two equations in variables θ and p, which correspond to equation (1) in the main text, which is restated below for convenience. [



H (θ (ε) , p (ε) , ε) = ] ] ′ 0 0 [E′ u1 (θY + b +0(θ −0θ)p)(Y − p) ] = 0. E u2 ((1 − θ)Y − b − (θ − θ)p)(Y − p) [
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(4)



Asset



NIG parameters µ α β Paciﬁc-ex-Japan 0.1439 0.4163 −0.1745 −0.1138 0.6932 0.1171 UK World 0.2903 1.0839 −0.3176 US 0.3104 1.2331 −0.3352 Japan −0.1406 2.4628 0.1411 0.4776 1.7463 −0.5250 Europe-ex-UK *– for the case γγ21 = 2, **– for the case γγ21 = 3



δ 0.3114 0.6638 0.9473 1.0990 2.4507 1.5150



ε 0.0703 0.0614 0.0515 0.0446 0.0646 0.0504



γ2∗ 0.886 2.969 2.344 3.750 2.294 2.320



γ2∗∗ 1.120 3.920 3.096 4.950 3.051 3.079



Table 2: Calibrated parameter values



A.2



Details of the Nonlinear (Quadrature) Solution



To obtain the nonlinear (quadrature) portfolio solution in this simple economy, we approximate the expectations operator using quadrature methods and simply solve the system given in (4) using a nonlinear equations solver.9 The key step in obtaining the quadrature solution is to replace the integrals in (4) with ﬁnite sums. We do so by using the Gauss-Chebyshev quadrature. We assume that z follows a truncated normal inverse Gaussian distribution (NIG). The NIG distribution is completely characterized by 4 parameters (µnig , αnig , βnig and δnig ). This allows us to match the ﬁrst 4 moments of the returns from the data. In addition, we assume that the support of z is bounded from below, z >= Z, so that Y > 0 for all values of ε that we consider. In practice, we assume that Z = −10 in all cases, except for when we consider MSCI Paciﬁc-ex-Japan with γ2 = 3γ1 , where we assume that Z = −9. This ensures that C1 > 0 and C2 > 0 for all values of ε that we consider. After ﬁxing Z and some large upper bound Z¯ 10 , we set the values for µnig , αnig , βnig and δnig , apply the Gauss-Chebyshev quadrature with 1000 nodes11 to compute the resulting ﬁrst 4 moments, and change values of µnig , αnig , βnig and δnig until we obtain E[z] = 0, E[z 2 ] = 1, and E[z 3 ] and E[z 4 ] that match the skewness and kurtosis of assets’ returns in the data. After this, we solve the system in (4) with a non-linear solver on a ﬁne grid over [ε, ε¯i ], where ε¯i corresponds to the standard deviation of the asset i’s returns in the data.



A.3



Details of the Devereux-Sutherland Solution



The contributions by Devereux and Sutherland (2011, 2010) provide easy-to-apply methods to obtain approximate portfolio solutions in a dynamic stochastic GE model. While we apply their method in a model that is essentially static in the sense that there is no variation in state variables, it is indicative to reﬂect ﬁrst on how their method works in the general case of a dynamic setting. In particular, denote with αt the true (unknown) function of optimal holdings of any asset that is zero-net supply.12 In the above contributions, DS show that a 9



The nonlinear solution in this static economy is simple to obtain. In more general, dynamic settings nonlinear methods providing a globally valid approximation for portfolios is substantially more complex. Such global portfolio solution methods have been proposed by Kubler and Schmedders (2003). 10 In practice, we set Z¯ = 30, and check that the results are not sensitive to changing this value. 11 We check that the results are not sensitive the the number of quadrature nodes selected as well. 12 DS’ exposition of their method is in terms of assets in zero-net supply. This is not in any way restrictive. For assets in positive net supply, such as equities, this can be easily achieved by deﬁning portfolio positions in
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zero-order (ﬁrst-order) approximation to the true portfolio solution can be obtained from a second (third) order Taylor series expansion to the model’s portfolio optimality conditions, in conjunction with a ﬁrst (second) order Taylor series expansion to the model’s other optimality and equilibrium conditions. Applying these steps one obtains an approximate portfolio solution of the format: αt = α ¯ + α′ x bt .



(5)



where α ¯ is the zero-order (constant) part of the solution, α′ is a vector of the ﬁrst-order coeﬃcients, xt is the vector of the model’s state variables, and x bt refers to the state variables expressed as (log-)deviations from their steady state values. DS also state that their solution principle, which builds up on earlier work by Samuelson (1970), could be successively applied to higher orders: to obtain an n-th order accurate portfolio solution, one needs to approximate the portfolio optimality conditions up to order n + 2, in conjunction with an approximation to the model’s other optimality and equilibrium conditions of order n + 1. E.g., going one order higher, one would obtain the approximate portfolio solution as αt = α ¯ + α′ x bt + 12 x b′t α′′ x bt . It is important to realize that the expression in equation (5) is, however, not the same as what would result from a Taylor series expansion of the true policy function αt . Following Schmitt-Groh´e and Uribe (2004) and Jin and Judd (2002) we can think of the true policy function in a recursive economy as a function that depends on the model’s state variables, xt , and on a parameter that scales the variance-covariance matrix of the model’s exogenous shock processes, ε; that is, αt = α (xt , ε). A Taylor series to policy function αt , evaluated at approximation points xt = x and ε = 0, would then result in: 1 ′ 1 αt = α (x, 0)+αx (x, 0) x bt +αε (x, 0) ε+ x bt αxx (x, 0) x bt +αxε (x, 0) x bt ε+ αεε (x, 0) ε2 +... (6) 2 2 That is, in contrast to the Taylor series expansion in equation (6) the DS approximate portfolio solution does only consider how variations in the model’s state variables aﬀect the optimal portfolio solution, but ignores the eﬀect of variations in the size of uncertainty.13,14 Let us return to ﬁnding the DS portfolio solution in our two-period model. To apply their method, it is convenient to reformulate the portfolio positions in zero-sum value terms. In our model, this means deﬁning portfolio positions as: αe = (θ − θ0 )p,



αb = b − b0 .



terms of deviations from some initial portfolio endowments, and then multiplying them by their price. 13 The comparison of the DS solution with equation (6) is simply for reasons of exposition. We are of course not suggesting that an approximate solution to the true unknown portfolio function actually can be obtained by taking a simple Taylor series expansion around the non-stochastic steady state. This is not feasible using standard local approximation methods (using the standard implicit function theorem) – the portfolio is indeterminate both at the non-stochastic steady state and in a ﬁrst-order approximation of the stochastic setting. This is exactly the problem that the DS method and the JG method have addressed and proposed (diﬀerent) ways of solving for. 14 In the general case of a dynamic model, this still does not imply that the size of uncertainty cannot have an eﬀect on optimal portfolios. In principle there could be an eﬀect of the size of uncertainty, ε, on the portfolio through the eﬀect of ε on the states themselves. This, however, would only be happening at higher orders, as the (state) variables are not aﬀected by ε at ﬁrst-order (certainty equivalence) and only through a constant at second-order (see Schmitt-Groh´e and Uribe (2004)).
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We can then re-write home investor’s budget constraints as: ( ) 0 = (θ − θ0 )p + b − b0 = αe + αb = W | {z } | {z } αe



αb



( ) Y C1 = (θ − θ0 )p + b − b0 |{z} 1 +b0 + θ0 Y = αe Re + αb Rb + b0 + θ0 Y p |{z} =Rb =Re



= W Rb + αe (Re − Rb ) +b0 + θ0 Y | {z } =Rx



Since the ﬁrst equation implies that W = 0, the equilibrium system can be written as: (E1’): (E3’): (E5’): (E7’):



λ1 = E [u′1 (C1 )Rb ] , λ1 = E [u′1 (C1 )Re ] , C1 = αe Rx + b0 + θ0 Y, ∀Y, θ0 p + b0 = θp + b,



(E2’): λ2 = E [u′2 (C2 Rb )] , (E4’): λ2 = E [u′2 (C2 )Re ] , (E6’): C1 + C2 = Y, ∀Y,



Following Devereux and Sutherland , we obtain the zero-order or constant portfolio solution, α ¯ e , from the second-order approximation of both countries’ ﬁrst order optimality conditions with respect to portfolio allocations15 , which, once combined, result in an expression that contains only ﬁrst-order terms of the model’s macro variables. The second order approximation to the Euler equations w.r.t. to equity and w.r.t. to the bond, gives: ] 1 2 2 · E rˆx − γ1 cˆ1 rˆx + (ˆ r − rˆb ) = 0 2 e [ ] 1 2 −γ2 ¯ 2 ¯ C2 Rb · E rˆx − γ2 cˆ2 rˆx + (ˆ r − rˆb ) = 0 2 e ¯b C¯1−γ1 R



[



Combining, we get: E [(γ1 cˆ1 − γ2 cˆ2 ) rˆx ] = 0



(7)



That is, we need ﬁrst order expressions for consumptions of country 1 and 2, and of excess returns. Those are found by log-linearizing (E5’), (E6’) and the deﬁnition of excess returns, Re = Y /p, and substituting the α ¯ rˆx term with a mean-zero shock ξ in (E5’): C¯1 cˆ1 = ξ1 + θ0 Y¯ yˆ1 , C¯2 cˆ2 = Y¯ yˆ − C¯1 cˆ1 , rˆx = Y¯ yˆ Plugging the above for cˆ1 , cˆ1 and rˆx into equation (7), using the fact that ( expressions ) C¯1 = θ0 Y and C¯2 = 1 − θ0 Y and plugging back αe rˆx for ξ, we get: ( ) ( ) γ1 (αe + θ0 ) γ2 (1 − θ0 − αe ) γ1 (αe + θ0 ) γ2 (1 − θ0 − αe ) 2 2 − E yˆ1 = − ε =0 θ0 1 − θ0 θ0 1 − θ0 15



That is, both countries’ Euler equations with respect to the risky and with respect to the safe asset.
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where we used yˆ = εz and Ez 2 = 1. Solving the last equation for αe , we get: αe =



γ2 − γ1 θ0 (1 − θ0 ) γ1 (1 − θ0 ) + γ2 θ0



(8)



Because our model is static and we have x ˆ = 0, and because the size of uncertainty, ε, does not in any other way aﬀect the portfolio solution under the DS method, there is a strong implication: it turns out that in our two-period model also higher-order approximations, up to any order, are identical to the constant zero-order part of the solution, α ¯ e . The DS portfolio solution for θ is then obtained as: θ = θ0 +



αe , where αe = αe . p



(9)



The property of αe which is key here, is that it is invariant to the size, or any other statistical properties (i.e. skewness, kurtosis etc.), of the shock z in the model. It should be clear that this is true in our model from inspecting equation (2) – αe only depends on the diﬀerence between the two investors’ risk aversion parameters and the initial equity endowments.16 . Once the optimal αe is found, the solution to θ can be found from θ = θ0 + αpe . While from equation (8) it is clear that αe does not depend on the size of shocks, ε, this is not generally true for θ, as p in general will depend on ε in higher-order approximations. To see, how the portfolio solutions from the DS method would perform if one accounted for this, we use the solution for p from the true portfolio solution method. The idea is, that at best, an inﬁnite-order Taylor approximation would converge to the true function p (ε). As the ﬁrst row of Figure 2 shows, p (ε) is, however, a decreasing function of ε (the return on the risky asset increases as the size of shocks increases, so its price falls). This implies, that allowing p to vary with ε would actually worsen the portfolio solution results from the DS method, which is conﬁrmed in the second row of Figure 2; θDS increases as ε increases.



A.4



Details of the Judd-Guu Solution



The system in (1) implicitly deﬁnes θ (ε) and p (ε). Denote this system H (θ (ε) , p (ε) , ε) = 0. However, the implicit function theorem cannot be applied to analyze (1) around ε = 0, since assets are perfect substitutes in such case and must trade at the same price; that is, we must have p (0) = 1. However, θ (0) is indeterminate because H (θ, p, 0) = 0 for all θ. The indeterminacy of θ implies that Hθ (θ, 1, 0) = 0, ruling out application of the implicit function theorem. Judd and Guu (2001) show how one can use the bifurcation theorem to solve the above problem. The bifurcation approach requires that the Jabobian matrix H(θ,p) is a zero matrix. While at ε = 0, θ (0) is indeterminate, there is only a single possible value for p (0) and p′ (0); so the Jacobian H(θ,p) would in fact not be a zero matrix. We follow Judd and Guu (2001) in solving this problem by reformulating the problem in terms of the price of risk, π, instead of the price of equity, p. That is, we parameterize the equity price as pε = 1 − ε2 π (ε), where 16



Strictly speaking, the ﬁnding that αe is invariant to changes in the size of uncertainty does not imply that the same is true for θ, as the equity price, p, generally does depend on ε. In appendix A.3, we show that taking into the account the eﬀect of the size of shocks on p would, in fact, worsen the performance of the DS solution for θ.
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Figure 2: Equity price from true solution, ptrue , and solutions for equity shares held by country 1 investor. Pacific ex−Japan
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π (ε) is the risk premium in the ε-economy. Since σz2 = 1, ε2 is the variance of risk and π (ε) is the risk premium per unit variance. This way, the system in (1) can be rewritten as [



H (θ (ε) , π (ε) , ε) = [ ′ [ ] ] ] e 2 E u (θ (1 + εz) + b + (θ − θ) 1 − ε π )(z + επ) 0 1 [ [ ] ] = 0. E u′2 ((1 − θ) (1 + εz) − be − (θ0 − θ) 1 − ε2 π )(z + επ)



(10)



Obtaining the coeﬃcients of the Taylor series expansion of θ (ε), given by θ (ε) = θ0 + θ′ (0) ε + θ′′ (0)



ε2 ε3 + θ′′′ (0) + ..., 2 6



(11)



is then conceptually straightforward. To ﬁnd θ0 , one needs to diﬀerentiate function H with respect to ε, to ﬁnd θ′ (0) one needs to diﬀerentiate function H w.r.t. ε the second time, to ﬁnd θ′′ (0) the third time, etc., and needs to evaluate those derivatives at ε = 0.



12



























[image: Cash burns: An inventory model with a cash-credit choice]
Cash burns: An inventory model with a cash-credit choice












[image: A Canonical Model of Choice with Initial Endowments]
A Canonical Model of Choice with Initial Endowments












[image: Dynamic Portfolio Choice with Bayesian Learning]
Dynamic Portfolio Choice with Bayesian Learning












[image: One-Period Portfolio Choice]
One-Period Portfolio Choice












[image: Household Bargaining and Portfolio Choice - Acrobat Planet]
Household Bargaining and Portfolio Choice - Acrobat Planet












[image: A Theory of Portfolio Choice and Partial Default]
A Theory of Portfolio Choice and Partial Default












[image: Household Bargaining and Portfolio Choice - Acrobat Planet]
Household Bargaining and Portfolio Choice - Acrobat Planet












[image: Portfolio choice with internal habit formation: a life-cycle ...]
Portfolio choice with internal habit formation: a life-cycle ...












[image: Portfolio choice with internal habit formation: a life-cycle ...]
Portfolio choice with internal habit formation: a life-cycle ...












[image: A Model of Focusing in Political Choice]
A Model of Focusing in Political Choice












[image: Estimating a Dynamic Discrete Choice Model of Health ...]
Estimating a Dynamic Discrete Choice Model of Health ...












[image: A Model of Delegated Project Choice]
A Model of Delegated Project Choice












[image: A Simple Model of Two-Stage Choice]
A Simple Model of Two-Stage Choice












[image: Labor-Market Uncertainty and Portfolio Choice Puzzles]
Labor-Market Uncertainty and Portfolio Choice Puzzles












[image: Portfolio Choice and Ambiguous Background Risk]
Portfolio Choice and Ambiguous Background Risk












[image: Download Asset Pricing and Portfolio Choice Theory ...]
Download Asset Pricing and Portfolio Choice Theory ...












[image: Collateralized Borrowing And Life-Cycle Portfolio Choice]
Collateralized Borrowing And Life-Cycle Portfolio Choice












[image: Characteristic$based mean$variance portfolio choice]
Characteristic$based mean$variance portfolio choice















A Two-Period Model with Portfolio Choice ...






May 20, 2014 - ... University of Economics and Business, E-mail: [email protected]. ... its zero-order portfolio solution component coincides with DS, while its higher-order solu- ... The bond yields one unit of period-2-consumption and serves as ... support for z is bounded from below, so that Y > 0 for all Îµ and z. 






 Download PDF 



















 361KB Sizes
 1 Downloads
 249 Views








 Report























Recommend Documents







[image: alt]





Cash burns: An inventory model with a cash-credit choice 

Further information is available online at http://www.nber.org/papers/w21110.ack ... Cash is used whenever the agent has enough of it, credit is used when cash ...














[image: alt]





A Canonical Model of Choice with Initial Endowments 

effect, our model of choice with status quo bias may be free of this effect. ..... To understand its basic nature, let c be a choice correspondence on c(X), U be a ...... The intuition behind this illustration lies in the structure of Q that we have 














[image: alt]





Dynamic Portfolio Choice with Bayesian Learning 

Mar 18, 2008 - University of Maryland ... Robert H. Smith School of Business, University of Maryland, College ... statistically significant evidence to support it.














[image: alt]





One-Period Portfolio Choice 

Definitions and Setup. There are i = [1,...,n] risky assets. Each cost pi at T = 0 but ... Definition: A Stochastic Discount Factor (SDF) is any random variable Ëœm such that. E [ËœmËœxi ] = pi. âˆ€i. The proof of the ... A great portion of the asset














[image: alt]





Household Bargaining and Portfolio Choice - Acrobat Planet 

We thank Anna Paulson, Robert Pollak, Silvia Prina, Mich`ele Tertilt and participants at the 2009 American Economic Association, Society of Labor Economists, and Midwest. Economic Association meetings for numerous helpful comments. All remaining erro














[image: alt]





A Theory of Portfolio Choice and Partial Default 

Kieran James Walshâˆ—â€ . University of Virginia Darden School of Business. July 2016 .... the haircut) implied by agent optimization depend only the current and previous re- alizations of the aggregate state ... on the current and last realizations 














[image: alt]





Household Bargaining and Portfolio Choice - Acrobat Planet 

at the 2009 American Economic Association, Society of Labor Economists, and ... versity of Illinois at Urbana-Champaign, 1301 W. Gregory Dr., 421 Mumford ...














[image: alt]





Portfolio choice with internal habit formation: a life-cycle ... 

puzzles5,6 and aggregate consumption dynamics.7 Habit formation models can be ..... Wealth accumulation without the fixed cost: habit vs no habit model. ..... equation these values are given as current utility plus the discounted expected ...














[image: alt]





Portfolio choice with internal habit formation: a life-cycle ... 

This specification considerably facilitates the solution of the model, as it does not ... We define a dummy variable IP which is equal to 1 when the cost ... method based on the maximization of the value function to derive optimal policy functions.














[image: alt]





A Model of Focusing in Political Choice 

Apr 8, 2017 - policies, which cater excessively to a subset of voters: social groups that are larger, .... (1981) model where parties offer a public good funded by a ... policy introduced in the public debate by the media or an extreme party) can gen














[image: alt]





Estimating a Dynamic Discrete Choice Model of Health ... 

in the agenda of the U.S. Department of Health and Human Services. Reaching .... of dynamic and static models highlights the importance of accounting ...... 15This approach has the advantage that it can be estimated using standard software.














[image: alt]





A Model of Delegated Project Choice 

Abstract. We present a model in which a principal delegates the choice of project to an agent with different ...... Elsevier, Amsterdam. Holmstrom, B. (1984): â€œOn ...














[image: alt]





A Simple Model of Two-Stage Choice 

What is more, Strong Exclusivity makes it easy to test the model (Theorem 7): for ... Compromise (Chandrasekher [2015]) The domain X is partitioned into .... With this type of behavior, y affects the choice from B despite the availability of an ...














[image: alt]





Labor-Market Uncertainty and Portfolio Choice Puzzles 

Jul 13, 2017 - pension plans that are a thrift, profit-sharing, or stock purchase plan. ..... the generosity of the social security system has little impact on portfolio ...














[image: alt]





Portfolio Choice and Ambiguous Background Risk 

Jan 20, 2014 - following result that allows us compare the optimal choices that would be made using expected ... provide a few examples on a limited wealth domain. .... pricing. The Lucas model with a background risk was examined in an.














[image: alt]





Download Asset Pricing and Portfolio Choice Theory ... 

pricing theory courses at the Ph.D. or Masters in Quantitative Finance level with extensive exercises and a solutions manual available for professors, the book is ...














[image: alt]





Collateralized Borrowing And Life-Cycle Portfolio Choice 

these added complexities, we show that one can use a simple back-of-the- ...... tightened margin requirements in any meaningful way â€” raising the initial margin.














[image: alt]





Characteristic$based mean$variance portfolio choice 

Jun 10, 2009 - analytics; the purpose of the paper is not to validate this model, but rather ..... The data are obtained from the MSCI database and consist of total ...


























×
Report A Two-Period Model with Portfolio Choice ...





Your name




Email




Reason
-Select Reason-
Pornographic
Defamatory
Illegal/Unlawful
Spam
Other Terms Of Service Violation
File a copyright complaint





Description















Close
Save changes















×
Sign In






Email




Password







 Remember Password 
Forgot Password?




Sign In



















Information

	About Us
	Privacy Policy
	Terms and Service
	Copyright
	Contact Us





Follow us

	

 Facebook


	

 Twitter


	

 Google Plus







Newsletter























Copyright © 2024 P.PDFKUL.COM. All rights reserved.
















