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Abstract In this online appendix, we present the formal analysis of extensions and robustness results that we summarized in section 4 of the paper. The appendix provides an analysis of (i) sequential investments with learning, (ii) nonlinear investment technologies, and (iii) the equilibrium of a game in which financial intermediaries coexist with crowdinvestors and can acquire information via market research.
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1 1.1



Sequential investments Setup



On most crowdinvestment platforms irreversible investments can be made in a given timespan. During this investment time frame, the current aggregate investment into a project is observable for potential investors. Thus, sequential and observable investments may allow wealthy crowdinvestors to learn something about the preferences of the poor, and consequently adjust their investment to what they have observed. This could potentially alleviate the inefficiency problem due to wealth constraints that we discussed earlier. In order to study this problem, we extend the simultaneous investment game from the paper to a simple sequential two stage investment game. Generalizing to more than two periods or even continuous time does not change the efficiency results of this section. We continue with the simple setup from section 2.4 in the paper, but make the following modification to two investment periods. In t = 0, all crowdinvestors may condition their investment plans xˆt=0 i (θi ) only on their own private information as before, leading to R1 aggregate investment X0 = 0 xˆ0i (θi )di. In t = 1, all crowdinvestors may condition their investment plans xˆ1i (θi , X0 ) on their private information and aggregate investment from the previous investment stage. The equilibrium concept of the static investment model can be readily extended to the present setup by replacing the one stage by the two stage investment plans. In equilibrium, investors can adjust their investment to the realization of X0 , and use the information contained in X0 about the distribution of θi when investing at t = 1. Overall investment by crowdinvestor i in the company is xˆ0i (θi ) + xˆ1i (θi , X0 ), i.e., the sum of the individual investments in t = 0 and t = 1, with xˆti ≥ 0 as before.



1.2



Results



It is straightforward to show that all equilibria from the baseline model can be extended to equilibria in this dynamic model with exactly the same outcomes. Hence, the set of equilibria is weakly larger in the dynamic model. Proposition 1. Any equilibrium with investment strategy profile {ˆ xi (θi )}i from the baseline model in section 2 of the paper can be extended to an outcome-identical equilibrium in the dynamic model. Proof. Take any equilibrium investment strategy profile {ˆ xi (θi )}i from the baseline model. Consider the following equilibrium candidate for the dynamic model: xˆt=0 i (θi ) = 0 ∀i, xˆt=1 ˆi (θi ) ∀i. i (θi , X0 ) = x Since nobody invests in t = 0, X0 = 0 in all states, so aggregate investment is uninformative. 2



Consequently, at t = 1, investors have the same information they have in the baseline model, so if xˆi (θi ) is an equilibrium strategy in the baseline model, it also must be an equilibrium strategy in the last investment period of the dynamic model. It remains to be shown that there is no profitable deviation at t = 0. A unilateral deviation to xˆt=0 i (θi ) > 0 at t = 0 does not change the information of i nor does it change the investments by other investors (and hence the payoff of i), since i has no mass and so does not affect X0 . Consequently, i is indifferent between investing earlier or investing according to the equilibrium candidate strategy. The question now is whether efficient equilibria exist in the dynamic model that do not exist in the baseline model due to the possibility of learning from and reacting to the investment of others. Naturally, an efficient equilibrium cannot exist if consumers of one of the groups do not have any wealth. The intuition is quite simple: If investors of a group cannot invest at all, then nothing can be learned about their preferences from observing aggregate investment. However, Proposition 2 shows that efficient equilibria exist if the ‘poor consumer group’ has some wealth so that it can signal their preferences by investing, and the ‘wealthy consumer group’ has enough wealth to cover the rest. The efficient equilibria are coordination equilibria in the sense that the poor consumers first invest and reveal their preference distribution to the wealthy consumers, who later invest on behalf of the poor what these would have invested absent wealth constraints. We now explicitly construct such an equilibrium. Example. Suppose wi is constant within each group, and consider the case where the poor group 2 has positive but less wealth than necessary to achieve the efficient investment according, (α/R)1/(1−α) > wi = w > 0 ∀i ∈ (0.5, 1], and wealth w in the wealthy group 1 is sufficient to cover their own investments and the rest of group 2’s investment,  wi = w ≥ (α/R)1/(1−α) − w β + (α/R)1/(1−α) ∀i ∈ [0, 0.5]. Then there exists an efficient equilibrium in the sequential model where only the poor invest at t = 0. The investment strategies at t = 0 are xˆ0i (θi = 1) = w ∀i ∈ (0.5, 1], xˆ0i (θi = 0) = 0 ∀i ∈ (0.5, 1], xˆ0i (θi ) = 0 ∀i ∈ [0, 0.5], Here it is crucial that θi = 0 and θi = 1 types in the poor group invest different amounts so that aggregate investment changes by state (i.e., by the share of θi = 1 consumers). The resulting aggregate investment is X0 (s2 ) = ws2 /2, which is strictly increasing in the 3



realization of s2 ∈ {1 − β, β}. Thus, s2 will be revealed at t = 1 where X0 is observable, and wealthy consumers can react to the state. Consider now the following t = 1 investment strategy profile: xˆ1i (θi , X0 ) = 0 ∀i ∈ (0.5, 1],  xˆ1i (θi = 1, X0 = wβ/2) = (α/R)1/(1−α) − w β + (α/R)1/(1−α)  xˆ1i (θi = 1, X0 = w(1 − β)/2) = (α/R)1/(1−α) − w (1 − β) + (α/R)1/(1−α)  xˆ1i (θi = 0, X0 = wβ/2) = (α/R)1/(1−α) − w β  xˆ1i (θi = 0, X0 = w(1 − β)/2) = (α/R)1/(1−α) − w (1 − β)



∀i ∈ [0, 0.5], ∀i ∈ [0, 0.5], ∀i ∈ [0, 0.5], ∀i ∈ [0, 0.5],



and invest optimally otherwise (i.e., off the equilibrium path). Crucially, investments by the the wealthy crowdinvestors i ∈ [0, 0.5] depend on aggregate investment at t = 0, X0 , and thus on s2 . In short, all wealthy consumers split the funding gap that is left by the poor consumers, and interested wealthy consumers additionally invest as in the simultaneous investment model. Aggregate investment in equilibrium is therefore X = (α/R)1/(1−α) (s1 + s2 )/2 in every state, which is efficient. Given the efficient outcome and the implied return of R on investment, all investors are indifferent between individually investing earlier or later, or investing in the safe asset, since no unilateral deviation will change X0 due to the zero mass of each i. Hence, the described investment strategy profiles constitute a Bayesian Nash equilibrium of the dynamic investment game. Indeed, it is also an ex post equilibrium, since a different realization of s will lead to a different aggregate investment X0 to which the wealthy consumers appropriately react. Consequently, the possibility of sequential investments with observable aggregate investment might help achieve the efficient capital allocation even if this would not be possible with simultaneous investments as in the baseline model of the paper. Still, the poor consumer group needs some wealth to invest and thereby signal the preference distribution in their group, so wealth constraints are not completely negated by the possibility of sequential investments. The next proposition gives the necessary and sufficient condition on the distribution of wealth in the two groups for existence of an equilibrium with wealth-unconstrained efficient allocation. Compared to the simultaneous investment model, the aggregate wealth that is required to achieve an efficient capital allocation is lower, because sequential revelation of information allows uninterested consumers (θi = 0) to invest as well. Indeed, the necessary aggregate wealth is the bare minimum required to attain a good’s price of R in every state. Moreover, compared to the simultaneous investment model, the wealth distribution does not have to be balanced any more due to the possibility of learning from aggregate investment and “investing on behalf of the other group” (see the previous example).
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Proposition 2. Suppose wi is constant within each group, and without loss of generality call group 2 (i ∈ (0.5, 1]) the “poor consumers”. Then there exists an equilibrium with wealth-unconstrained efficient capital allocation in the dynamic model if and only if 1. wealth w in the poor group 2 is positive, wi = w > 0 ∀i ∈ (0.5, 1], 2. and wealth w in the wealthy group 1 is sufficient to cover the remaining investment for an efficient capital allocation,  wi = w ≥ (α/R)1/(1−α) − min{(α/R)1/(1−α) , w} β + β(α/R)1/(1−α) ∀i ∈ [0, 0.5]. Proof. Sufficiency: To show: 1. and 2. imply existence of an efficient equilibrium. We show this by construction. In this equilibrium, both wealthy and poor consumer groups reveal their type distribution by making type dependent investments at t = 0, and then react to this revelation at t = 1. Consider an equilibrium with the following t = 0 investment strategy profile with ε > 0 small so that s1 ε + s2 w is invertible in (s1 , s2 ) ∈ {1 − β, β}2 : xˆt=0 i (θi = 1) = w ∀i ∈ (0.5, 1], xˆt=0 i (θi = 0) = 0 ∀i ∈ (0.5, 1], xˆt=0 i (θi = 1) = ε ∀i ∈ [0, 0.5], xˆt=0 i (θi = 0) = 0 ∀i ∈ [0, 0.5]. This investment strategy profile results in aggregate investment X0 (s1 , s2 ) = εs1 /2 + ws2 /2, which reveals the tuple (s1 , s2 ) by construction. Consequently, on the equilibrium path of this candidate, the state is observable before making investments at t = 1. Now any equilibrium strategy profile at t = 1 which results in aggregate investment implying a return of R is incentive compatible. In state (β, β) with largest demand, the required aggregate investment is β(α/R)1/(1−α) , which is exactly feasible by adding the aggregate wealth of both groups (determined from 1. and 2.):  w/2 + (α/R)1/(1−α) − min{(α/R)1/(1−α) , w} β/2 + β(α/R)1/(1−α) /2 = (α/R)1/(1−α) β/2 + β(α/R)1/(1−α) /2 = β(α/R)1/(1−α) . Given the implied return of R on investment, all investors are indifferent between individually investing earlier or later, or investing in the safe asset, since no unilateral deviation will change X0 due to the zero mass of all i. Hence, the described investment strategy profiles constitute a Bayesian Nash equilibrium of the dynamic investment game. Since the return is R in every state, it is also an ex post equilibrium. 5



Necessity: To show: An efficient equilibrium implies 1. and 2. First, if 1. does not hold so that w = 0, then aggregate investment cannot depend on s2 , but this contradicts efficiency (Lemma 1 in the main paper). Second, if 2. does not hold, then there cannot be a return equal to R in every state. This is because the state (s1 , s2 ) = (β, β) requires an aggregate investment of β(α/R)1/(1−α) , which is just feasible for 2. given w and infeasible otherwise. But a return unequal R contradicts this being an efficient allocation. Hence, 1. and 2. are necessary for the existence of an efficient equilibrium in the sequential model. Propositions 1 and 2 together imply that inefficient equilibria may exist along with efficient learning equilibria if the condition from Proposition 3 in the paper is not fulfilled, i.e., if there are binding wealth constraints in some consumer groups but not others. Thus, the welfare prediction of the model is not unique in the case of sequential investments. A plausible equilibrium refinement in game theory is requiring that no weakly dominated strategies are played in equilibrium. In our sequential investment model, investing at t = 0 is a weakly dominated strategy, because an early investor cannot react to a situation where too much was invested at t = 0 so that the investment return is below R in any state. A player who postponed his own investment to t = 1 could still react by observing X0 and not investing. Thus, the possibility of other players diluting the equity favors investing at the last possible moment. Proposition 3. The only equilibria that are not played in weakly dominated strategies are those with investments only in the last period t = 1. Proof. Any investment at t = 0 can be costlessly postponed to t = 1 without changing the informativeness of X0 since investors are atomistic. If—perhaps off the equilibrium path—a large amount is invested at t = 0, so that the investment return is below R in any state, then a player who postponed his own investment to t = 1 could still react by observing X0 and not investing. A player that invested at t = 0 cannot. Thus, investing late is at least as good, and for some actions of other players better. To summarize, allowing for sequential investments increases the set of wealth distributions with an efficient capital allocation in equilibrium. However, efficient equilibria in undominated strategies exist if and only if they exist in the static model of the paper.



2 2.1



Nonlinear production technology Setup



In this extension, we investigate how a nonlinear production technology prevents an efficient capital allocation, and compare the welfare properties depending on the wealth distribution.
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The production technology is generalized to the case where aggregate investment X translates into supply of the novel good according to the production function λ



Z



λ



1



xˆi di



F (X) = X =



, λ > 0.



0



This covers the case of a single firm but also the case of multiple identical firms: The production function is up to a constant factor identical to a situation where 1 ≤ M < ∞ firms receive an 1/M -share of the investment and produce, so that aggregate supply is given by Z 1 λ Z 1 λ 1−λ F (X) = M xˆi /M di = M xˆi di . 0



0



For 0 < λ < 1 the production function is concave (decreasing returns to scale), and for λ > 1 it is convex (increasing returns to scale). λ = 1 is the linear case considered throughout the main part of the paper. For λ > 1, we require 1/λ > α, otherwise the planner’s problem may have a corner solution. Consumer demand for given prices remains unchanged. The generalized market clearing condition and spot market price is  1/(1−α)  s¯ 1−α α ⇐⇒ p = α . X = s¯ p Xλ λ



2.2



(1)



The social optimum



We first determine the planner’s solution for the optimal aggregate state dependent investment X ∗ in the novel good knowing s. With binary types, market clearing requires that xi = F (X)/¯ s, where s¯ is the share of interested consumers, xi is the symmetric consumption level for θi = 1 types in the population, and F (X) is the aggregate supply of the novel good. The cost function for producing χ units of the novel good is C(χ) = RX = Rχ1/λ , since every unit of investment X has an opportunity cost of R units of c. The marginal cost is M C2 = χ1/λ−1 R/λ. In the social optimum, the marginal rate of substitution for a θi = 1 consumer has to equal the ratio of marginal costs of production (investment) of the two goods, M U1 1 1 M C1 1 = − α−1 = − =− = − 1/λ−1 α−1 M U2 α(χ/¯ s) M C2 χ R/λ αxi λ 1   1−λα   1−λα λα 1−α λα 1−α ∗ ∗ ∗ 1/λ ⇐⇒ χ = s¯ ⇐⇒ X = χ = s¯ . R R



M RS =
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(2)



Consequently, the optimal aggregate investment X ∗ depends nonlinearly on the share of interested consumers s¯ whenever λ 6= 1. If the planner allocates the new good in a competitive goods market, then the Pareto-optimal investment yields a market clearing price p∗ , found by equating aggregate demand and supply, 



λα 1−α s¯ χ∗ = R



λ  1−λα



1   λ−λα   1−α 1−λα R α = xi s¯ = s¯ ⇐⇒ p∗ = α¯ s1−α , p λα¯ s1−α



which depends on s¯ whenever λ 6= 1. Thus, unlike in the linear case, we cannot determine efficiency simply by checking state independence of the spot market price.



2.3



Crowdfunding and inefficient capital allocation



As a benchmark, consider the investment that consumers would make if the state s were common knowledge. As before, the company distributes all revenues/profits pro rata among investors. The return on investment into the new company, taking into account the nonlinear production technology, is r(s) =



p(s)F (X) = p(s)X λ−1 = α¯ s1−α X αλ−1 . X



Given the opportunity cost of investment R, any equilibrium investment profile (absent wealth constraints) must equate the return on investment with R, which implies an aggregate market investment X m , 1−α



α¯ s



X



αλ−1 !



= R ⇐⇒ X



m



=



α R



1−α



s¯



1  1−αλ



.



The aggregate market investment X m differs from the social planner investment X ∗ in 1 (2) by a factor of λ 1−αλ , so that X m = X ∗ if and only if λ = 1, i.e., if and only if the production technology is linear. Consequently, even if there was no asymmetric information problem, the market would not achieve an efficient allocation with a nonlinear production technology. In particular, the capital allocation would not be Pareto-efficient even if we allowed for sequential investments as in section 1 that reveal the state s.



2.4



Equilibrium



In this section, we determine which types of consumers invest in equilibrium depending on the wealth distribution and the production technology. In particular, we consider two cases for the wealth distribution: First the case where both consumer groups have sufficient wealth to bring the crowdinvestment return down to R (“balanced wealth”), and second the case where only one consumer group has sufficient wealth while the other has none (“imbalanced wealth”). Proposition 4 gives the formal result and Figure 1 represents the 8



Balanced wealth: only θ = 1 invest 0
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Balanced wealth: both types invest 0
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Imbalanced wealth: only θ = 1 invest 0
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t



1/α



Imbalanced wealth: both types invest 0



1



t



1/α



equilibrium existence



λ



λ



λ



λ



equilibrium non-existence



Figure 1: Existence of equilibria in which both types invest or only the interested consumers invest depending on technology parameter λ



results graphically. We focus on equilibria where all consumers of the same type make symmetric investments (in case of imbalanced wealth only consumers of the wealthy group invest), and uniqueness refers to this class of equilibria. If both consumer groups have enough wealth, then only θi = 1 types invest in equilibrium if λ ≥ 1 (weakly convex production technology), and both types invest if 0 < λ < 1 (concave production technology). Thus, the production technology determines whether only interested consumers invest in equilibrium or whether also consumers invest who do not intend to buy the product, and the linear production technology is the cutoff. If only one consumer group has wealth, then only θi = 1 types in the wealthy group invest in equilibrium if λ ≥ t with t > 1 defined below (sufficiently convex production technology), and both types of the wealthy group invest if λ < t (concave, linear, or slightly convex production technology). Consequently, there is an intermediate range of the production technology λ ∈ [1, t) where the type of equilibrium (i.e., the type of investing consumers) changes depending on the wealth distribution. The threshold t for production parameter λ is: log 1/α > t ..=







(1−β)1−α +(1/2)1−α β 1−α +(1/2)1−α



log







β 1−β







 + 1/α > 1.



(3)



α



Proposition 4. Consider the case of two consumer groups and a nonlinear production technology F (X) = X λ . i. Balanced wealth: There exists a unique symmetric equilibrium where all consumers of type θi = 1 but not those of type θi = 0 invest if and only if λ ≥ 1.
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ii. Balanced wealth: There exists a unique symmetric equilibrium where all consumers of both types θi = 0 and θi = 1 invest if and only if λ < 1. iii. Imbalanced wealth: There exists a unique symmetric equilibrium where all consumers of type θi = 1 but not those of type θi = 0 of group 1 invest in equilibrium if and only if λ ≥ t. iv. Imbalanced wealth: There exists a unique symmetric equilibrium where consumers of both types θi = 0 and θi = 1 of group 1 invest in equilibrium if and only if λ < t. Proof. i. In an equilibrium where only types θi = 1 invest, we must have that the expected return from investing in the company equals R for θi = 1 and weakly less than R for types θi = 0 (otherwise they would prefer to invest, which is feasible by assumption of sufficient wealth). Denote the return in state (β, β) by r11 , in state (1 − β, 1 − β) by r00 etc. Consequently, R = Es [r|θi = 1] =



β 1 β 1−β 1 1−β r00 + r11 + r10 ≥ E[r|θi = 0] = r00 + r11 + r10 2 2 2 2 2 2 ⇐⇒ r11 ≥ r00 , (4)



since r10 = r01 in a symmetric equilibrium. Now, using the explicit expressions for r11 and r00 depending on the investment strategy xˆ1 of θi = 1 types on (4), we get αβ 1−α (β xˆ1 )αλ−1 ≥ α(1 − β)1−α ((1 − β)ˆ x1 )αλ−1 , which—in the range λ < 1/α we look at—is equivalent to 1−α



1−α



β αλ−1 +1 ≤ (1 − β) αλ−1 +1 .



(5)



1−α (5) holds iff αλ−1 + 1 = αλ−α ≤ 0, which in turn holds iff 1/α ≥ λ ≥ 1. Thus, combining αλ−1 both, the return expectation of type θi = 1 weakly exceeds the expectation of type θi = 0 iff λ ≥ 1.



Now, xˆ1 is determined by equating the return expectation of type θi = 1 with R, i.e., by solving the equation in (4). Since the expected return is strictly decreasing in xˆ1 for λ < 1/α, there exists a unique solution and hence a unique symmetric equilibrium. ii. Assuming sufficient wealth, if both types invest, then both types must have a returnexpectation of R from investing in the company. If either type had an expectation less than R, then it should not invest; if either type had an expectation exceeding R, then
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it should invest more, which is feasible by assumption of sufficient wealth. Hence, the expected return from investing in the company for type θi = 1 fulfills R=



1−β β 1 r00 + r11 + r10 , 2 2 2



(6)



where r10 = r01 in a symmetric equilibrium. The expected return from investing for type θi = 0 similarly fulfills R=



1−β 1 β r00 + r11 + r10 . 2 2 2



(7)



Thus, combining (6) and (7), we get 1−β β 1 β 1−β 1 r00 + r11 + r10 = r00 + r11 + r10 2 2 2 2 2 2 ⇐⇒ r11 = r00 . Consequently, the return in both the state (β, β) and (1 − β, 1 − β) must be equal if both types have the same return expectation. Using the explicit expressions for r11 and r00 , we get r11 = r00  



⇐⇒ α =α ⇐⇒ β



1−α



β (β xˆ1 + (1 − β)ˆ x0 )λ



1−α



(β xˆ1 + (1 − β)ˆ x0 )λ β xˆ1 + (1 − β)ˆ x0



1−β ((1 − β)ˆ x1 + β xˆ0 )λ



1−α



((1 − β)ˆ x1 + β xˆ0 )λ (1 − β)ˆ x1 + β xˆ0



αλ−1



(β xˆ1 + (1 − β)ˆ x0 )



⇐⇒ β



1−α αλ−1



1−α



= (1 − β)



(8)



αλ−1



((1 − β)ˆ x1 + β xˆ0 ) 1−α



(β xˆ1 + (1 − β)ˆ x0 ) = (1 − β) αλ−1 ((1 − β)ˆ x1 + β xˆ0 ) " # 1−α 1−α β αλ−1 +1 − (1 − β) αλ−1 +1 ⇐⇒ xˆ0 = −ˆ x1 1−α 1−α β αλ−1 (1 − β) − (1 − β) αλ−1 β



Thus, we have the investments of type θi = 0 as function of the investments of type θi = 1. For an equilibrium where both types invest, we need that the coefficient of xˆ1 in (8) is positive, so that xˆ0 > 0 implies xˆ1 > 0 and vice versa. Now, " −



1−α



1−α



β αλ−1 +1 − (1 − β) αλ−1 +1 1−α



1−α



β αλ−1 (1 − β) − (1 − β) αλ−1 β



# >0



if and only if numerator and denominator are both positive or both negative. First, consider the case where both are positive. For the numerator we have the condition 1−α



1−α



β αλ−1 +1 < (1 − β) αλ−1 +1 ,
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1−α which holds iff αλ−1 + 1 = αλ−α < 0, which in turn holds iff 1/α > λ > 1. Next, the αλ−1 condition for the denominator is



1−α



1−α



1−α



1−α



β αλ−1 (1 − β) > (1 − β) αλ−1 β ⇐⇒ β αλ−1 −1 > (1 − β) αλ−1 −1 1−α which holds iff αλ−1 − 1 = 2−α−αλ > 0, which in turn holds iff 2−α > λ > 1/α. Since αλ−1 α both of these conditions cannot hold simultaneously, there is no equilibrium where both the denominator and numerator is positive. We still need to check the case where both are negative. For the numerator, the condition is



1−α



1−α



β αλ−1 +1 > (1 − β) αλ−1 +1 , 1−α which holds iff αλ−1 + 1 = αλ−α > 0, which in turn holds iff 1/α < λ or λ < 1. The αλ−1 condition that the denominator is negative is



1−α



1−α



⇐⇒ β αλ−1 −1 < (1 − β) αλ−1 −1 , 1−α which holds iff αλ−1 − 1 = 2−α−αλ < 0, which in turn holds iff λ < 1 or λ > 2−α . The αλ−1 α latter is ruled out by our restriction of λ < 1/α. Thus, the condition r11 = r00 implies xˆ0 > 0 =⇒ xˆ1 > 0 (and vice versa) if and only if λ < 1.



Now, the expression for xˆ0 in (8) can be substituted into (6) or (7) to obtain xˆ1 . Clearly, the right hand sides of both equations are strictly decreasing in the aggregate investment for λ < 1/α, hence there is a unique solution with xˆ0 > 0, xˆ1 > 0 if λ < 1. iii. If only type θi = 1 in group 1 invests, then the expected return of this type must equal R, and the expected return of type θi = 0 in group 1 must be ≤ R. Thus, R=



1−β β 1−β 1−β β 1−β β β r11 + r00 + r10 + r01 ≥ r11 + r00 + r10 + r01 2 2 2 2 2 2 2 2 ⇐⇒ r11 + r10 ≥ r00 + r01 .



(9)



Using the explicit expressions for these state returns with xˆ11 as investments of θi = 1
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types in group 1, and simplifying somewhat, we obtain ⇐⇒ β 1−α (β xˆ11 /2)αλ−1 + (1/2)1−α (β xˆ11 /2)αλ−1 ≥ (1 − β)1−α ((1 − β)ˆ x11 /2)αλ−1 + (1/2)1−α ((1 − β)ˆ x11 /2)αλ−1 ⇐⇒ β 1−α (β/2)αλ−1 + (1/2)1−α (β/2)αλ−1 ≥ (1 − β)1−α ((1 − β)/2)αλ−1 + (1/2)1−α ((1 − β)/2)αλ−1 β αλ−1 (1 − β)1−α + (1/2)1−α ⇐⇒ ≥ (1 − β)αλ−1 β 1−α + (1/2)1−α     β (1 − β)1−α + (1/2)1−α ⇐⇒ (αλ − 1) · log ≥ log 1−β β 1−α + (1/2)1−α   (1−β)1−α +(1/2)1−α log β 1−α +(1/2)1−α   ⇐⇒ λ ≥ + 1/α. β log 1−β α



(10)



(11)



Thus, the expected return of type θi = 0 in group 1 is weakly lower than the return expectation of type θi = 1 in group 1 if and only if (11) holds. Now we still need to show that the right hand side of (11) is greater than 1. To see this, set λ = 1 in (10) to obtain (1 − β)1−α + (1/2)1−α (1 − β)1−α ≥ , β 1−α β 1−α + (1/2)1−α which is false since



(1 − β)1−α (1 − β)1−α + ε < 


for any ε > 0. Thus, the λ that fulfills (10) is greater than 1, as the LHS is  increasing (1−β)1−α +(1/2)1−α < 0 and in λ. Moreover, the threshold is smaller than 1/α, since log β 1−α +(1/2)1−α   β log 1−β > 0 due to β > 1/2. Finally, the equilibrium investment xˆ11 is the solution to the equality in (9), which exists and is unique for λ < 1/α. iv. If both types invest, then both types must have a return-expectation of R from investing in the company. If either type had an expectation less than R, then it should not invest; if either type had an expectation exceeding R, then it should invest more, which is feasible by assumption of sufficient wealth in group 1. Thus, equating the expected returns, in equilibrium we must have R=



1−β β 1−β β β 1−β β 1−β r00 + r11 + r01 + r10 = r00 + r11 + r01 + r10 2 2 2 2 2 2 2 2 (12) ⇐⇒ r11 + r10 = r00 + r01 .



Now we use the explicit expressions for these state returns and simplify somewhat to
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get: β 1−α (β xˆ11 /2 + (1 − β)ˆ x10 /2)αλ−1 + (1/2)1−α (β xˆ11 /2 + (1 − β)ˆ x10 /2)αλ−1 = (1 − β)1−α ((1 − β)ˆ x11 /2 + β xˆ10 /2)αλ−1 + (1/2)1−α ((1 − β)ˆ x11 /2 + β xˆ10 /2)αλ−1   1 ⇐⇒ (β xˆ11 + (1 − β)ˆ x10 ) β 1−α + (1/2)1−α αλ−1  1  = ((1 − β)ˆ x11 + β xˆ10 ) (1 − β)1−α + (1/2)1−α αλ−1 1



xˆ11



=



β xˆ10



1



[(1 − β)1−α + (1/2)1−α ] αλ−1 − (1 − β) [β 1−α + (1/2)1−α ] αλ−1 1



1



(13)



.



β [β 1−α + (1/2)1−α ] αλ−1 − (1 − β) [(1 − β)1−α + (1/2)1−α ] αλ−1



Thus, xˆ11 > 0 ⇐⇒ xˆ10 > 0 in equilibrium iff the fraction is positive, which is the case iff both numerator and denominator are positive or both are negative. First, the numerator is positive iff  1  1   β (1 − β)1−α + (1/2)1−α αλ−1 > (1 − β) β 1−α + (1/2)1−α αλ−1 1   αλ−1 β 1−α + (1/2)1−α β ⇐⇒ > . 1−β (1 − β)1−α + (1/2)1−α



(14)



1 1 1 Clearly, (14) holds for αλ−1 sufficiently small. αλ−1 is discontinuous at λ = 1/α; αλ−1 → 1 −∞ as λ % 1/α. For the range λ ∈ (0, 1/α) it is maximal as λ → 0 with αλ−1 → −1, where the RHS is less than 1. Thus, the condition (14) holds for λ ∈ (0, 1/α).



Next, the denominator is positive iff    1  1 β β 1−α + (1/2)1−α αλ−1 > (1 − β) (1 − β)1−α + (1/2)1−α αλ−1   1 β (1 − β)1−α + (1/2)1−α αλ−1 ⇐⇒ . > 1−β β 1−α + (1/2)1−α



(15)



1 1 The condition does not hold for αλ−1 sufficiently negative. αλ−1 → −∞ as λ % 1/α, and it decreases in λ in λ ∈ (−∞, 1/α). The condition holds at λ = 1, since for β > 1/2,



  1 (1 − β)1−α + (1/2)1−α α−1 β > 1−β β 1−α + (1/2)1−α β 1−α β 1−α + (1/2)1−α ⇐⇒ > . (1 − β)1−α (1 − β)1−α + (1/2)1−α Consequently, the denominator is positive except for λ ∈ [t, 1/α], where t > 1 equals λ such that (15) holds with equality; see (3) for the explicit solution. Thus, the numerator and denominator have the same sign in the range λ ∈ (0, t). Now, as a final step, we can substitute xˆ11 as a function of xˆ10 in (13) into (12), where the RHS is strictly decreasing in xˆ10 . Thus, since xˆ10 and xˆ11 have the same sign for all λ ∈ (0, t), there exists a unique solution xˆ10 > 0 and xˆ11 > 0 such that (12) holds.
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2.5



Welfare



We explained in section 2.3 that crowdfunding does not achieve a Pareto-efficient capital allocation if the production technology is nonlinear. A natural question that follows is: Under which conditions is welfare higher in equilibrium if wealth is balanced among consumer groups? As a welfare metric, we use utilitarian welfare (average population utility). The quasi-linear utility function with binary types gives us a good setup to think about the aggregate preference realization, which is summarized by the scalar s¯ = (s1 + s2 )/2 (share of θi = 1 types in the population). From the linear case we learned that welfare is maximized if all consumers have sufficient wealth, so that investments (and thus supply) can react to the preference distribution of all consumer groups, i.e., to s1 and s2 . If group 2 is wealth constrained, then aggregate investment depends only on s1 and does not change in realization s2 ∈ {1 − β, β}. The monotonicity of aggregate investment in s¯ is the reason why welfare is higher in the absence of wealth constraints for approximately linear production technologies (Proposition 5), since it allows supply to track changes in aggregate demand. In case of wealth imbalance without the monotonicity, there are states with relative scarcity (and little consumption) and states with relative excess supply that reduce social welfare. Indeed, the first best investment in (2) is monotone in s¯ for all λ, so monotonicity is necessary but not sufficient for a welfare maximum. Proposition 5. Consider the unique symmetric equilibria (Proposition 4). Utilitarian welfare is larger in the case of balanced wealth compared to the case of imbalanced wealth for approximately linear production technologies, i.e., in a neighborhood of λ = 1. Proof. The conditions that determine the market investments for balanced wealth (4) and imbalanced wealth (9) are continuous in the investment amounts. There is a switch in the equilibrium type as λ → 1 from below, but (8) shows that the investment of θi = 0 types (ˆ x0 ) converges to zero as λ → 1, hence the equilibrium strategy xˆ0 is continuous in λ. Moreover, the market clearing price (1) is continuous in aggregate investment X and so is the utility function and the budget constraint. Thus, since Pareto-efficiency for quasi-linear utility implies a utilitarian welfare maximum, and since the allocation is Pareto-efficient at λ = 1 for the balanced wealth case but not the imbalanced wealth case (Proposition 3 in the paper), the welfare must be larger for the balanced wealth case in a neighborhood of λ = 1. This result holds because welfare is larger in the balanced wealth case for λ = 1, and since investment strategies, prices, and indirect utilities are continuous in λ, welfare must also be larger for λ close to 1. Unlike in the linear production case, where a state independent price of R implied Pareto-
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efficiency, there is no good indirect way of comparing welfare for λ 6= 1. Thus, we have to directly compare the long ex ante welfare terms, which we do numerically. Ex ante welfare is the utilitarian welfare averaged over all four states (s1 , s2 ) ∈ {1−β, β}2 . For every parameter profile (α, β, λ, R), we determine income y > 0 for every consumer so that it is never binding in equilibrium. Moreover, we determine wealth w(α, β, λ, R) in the balanced wealth case so that it is never binding for the crowdinvestments. In the imbalanced wealth case, we set wealth to 2w(α, β, λ, R) for the wealthy group and to zero for the poor consumer group, so that aggregate wealth is the same (both groups have size 1/2 as before). Wealth is constant within the group. Since there is no demand uncertainty for β = 1/2, we focus on β > 1/2. The numerical result 1 is based on the following parameter grid G, where (following the Matlab syntax) {a : z : b} ..= [a, b] ∩ {a + kz}k=0,1,2,... are the values for a single variable in the interval between a and b in steps of z. G ..= {α, β, λ, R : α ∈ {0.1 : 0.1 : 0.9}, β ∈ {0.6 : 0.1 : 0.9}, λ ∈ {0.1 : 0.1 : 3}, R ∈ {1 : 0.1 : 3}, α > 1/λ}. In particular, the grid includes values λ > 1 and λ < 1, subject to λ < 1/α. As the following result shows, balanced wealth is better for social welfare. Result 1. For all parameters in the grid G, in particular for both λ < 1 and λ > 1, ex ante utilitarian welfare is larger for the economy with balanced wealth compared to the economy with imbalanced wealth.1 The main reason is as before: Investment is monotone in s¯ for balanced wealth but not for imbalanced wealth, thus there is less variance in prices and supply, and hence more “consumption smoothing” in the case of balanced wealth with positive welfare consequences given the concavity of the utility function in x.



3



Financial intermediaries and market research



3.1



The extended model



In this section, we add a financial sector consisting of N ∈ N investment funds2 , indexed by j, with exogenous large endowment Wj > 0, who may acquire information about consumer preferences and maximize expected investment returns. They can either make safe investments with return R, or they can invest in the novel consumption good with variable 1



Matlab scripts of the numerical calculations are available upon request. We briefly explored even wider grids but found no cases that contradicted our result. 2 We call the financial market intermediaries “investment funds,” but these may be replaced by any other large investing institutional entity, such as banks, venture capital firms, hedge funds, pension funds, or investment banking divisions.
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t = 1.1



MR-Pricing: The MR-firm sets market research price pm .



t = 1.2



Acquisition: All funds j may buy market research at price pm . Information acquisition is privately observed.



t = 1.3



Investment: All consumers and funds invest subject to budget constraints. Consumption: Asset returns realize, consumers receive income and consume.



t=2 t



Figure 2: The timing of decisions.



return. These funds may be viewed as arbitrageurs, who arbitrage away excess returns in the investment of the firm producing the novel good. We assume that investment funds have no information3 on the realization of consumer preferences (unlike consumers, whose preference θi is informative). Funds may acquire information about the realization of preferences in the consumer population to identify worthwhile investment opportunities. This can be thought of as buying market studies which evaluate the revenue potential of the new product or commissioning consumer surveys. Formally, we represent the “market research” information by two binary and independent signals about the preference realization in the wealthy (1) and poor (2) consumer group, m ∈ {0, 1} × {0, 1}. The signal quality is exogenously given by γ ..= Pr(m1 = 1|s1 = β) = Pr(m1 = 0|s1 = 1 − β) = Pr(m2 = 1|s2 = β) = Pr(m2 = 0|s2 = 1 − β) > 1/2. Market research is offered by a monopolist market research (MR) firm, which sells the same signal m to all interested buyers, i.e., signals are perfectly correlated. Neither the assumption that the MR sector is monopolistic nor that signals are perfectly correlated drives our results, as will become clear shortly. For non-triviality, we assume the MR firm can produce market research (i.e., conduct surveys, gather and analyze data) at sufficiently low cost c > 0, so that it can always offer market research at positive market research price pm . If the MR firm sells market research to 0 ≤ n ≤ N funds, then its profit is given by πM R = npm − 1{n > 0}c. In contrast to the model in the main section of the paper, aggregate investment is now the sum of the infinitesimally small crowdinvestments xˆi and the investments of the “large” financial sector entities fj . Thus aggregate investment in good x is Z X=



1



xˆi di + 0



N X



fj .



j=1



3



This assumption is made to simplify the exposition, and any imperfect information about the realization of s for investment funds yields the same results concerning an efficient capital allocation for any N ∈ N.
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The timing of decisions is displayed in Table 2. And now that we added new players to the game, we extend the equilibrium definition as follows. Definition 1. An equilibrium of the extended model consists of i. a market research price pm set by the MR-firm at t = 1.1, ii. an acquisition plan aj (pm ) ∈ {0, 1} to purchase market research m ∈ {0, 1} × {0, 1} for each investment fund at t = 1.2, iii. an investment plan xˆi (θi ) for each consumer at t = 1.3, iv. an investment plan fj (pm , mj ) for each investment fund at t = 1.3, where mj = m iff aj = 1 and mj = ∅ iff aj = 0, v. a consumption plan xi (p) for each consumer, vi. a relative price function p(X, s) for good x, so that i. the market price pm maximizes expected profits of the market research firm at t = 1.1, taking into account aj (pm ) of all j, ii. the information acquisition plans aj and investment plans xˆi and fj constitute a Bayesian Nash equilibrium of the investment game subject to the wealth constraints, taking into account the consumption plans and the relative price p(X, s), iii. the consumption plan xi maximizes utility subject to the consumer’s future budget constraint, and iv. at the price p(X, s), the demand for good x equals supply X. In our extended model, there are two possible sources of inefficiency, (i) that the creation of market research wastes cost c > 0 (new), and (ii) that state-contingent investment in the novel product is inefficient in the sense of Lemma 1 in the paper (as before). Since we assume that there is sufficient aggregate wealth in the economy to fund production of the efficient consumption in every state and also that utility is transferable, Pareto-efficiency from an ex-ante perspective requires that neither of the two kinds of inefficiencies occur, i.e., requires that no market research is carried out and that the capital allocation is efficient. Definition 2. Pareto-efficiency from an ex-ante perspective involves all agents in the economy (consumers, funds, market research firm), and requires that i. the market research cost c > 0 is not wasted, and ii. the state-contingent capital allocation is efficient (Lemma 1 of the paper). 18



The following analysis focuses on the possibility of efficient state-contingent investment, i.e., efficiency of the capital allocation (ii), which is necessary but not sufficient for Paretooptimality. Our results show that Pareto-efficiency with an unequal wealth distribution fails not only because the market research cost is wasted, but because the capital allocation cannot be efficient even if market research is acquired in equilibrium.



3.2



Equilibrium existence



We first establish the existence of an equilibrium in the extended version of our model. Proposition 6. An equilibrium in which all crowdinvestors play pure strategies exists. Proof. We shall confirm that all equilibrium requirements of definition 1 can be fulfilled. A unique market clearing price p exists for all aggregate investment levels X and all realizations of preferences (s1 , s2 ). In the consumption stage, consumers use the demand 1   1−α α function xi (p) = θi p , which by construction maximizes utility. Every price pm set by the market research firm induces a Bayesian investment game at the acquisition and investment stage. In this investment game, all crowdinvestors i choose xˆi ∈ [0, wi ] for each θi ∈ {0, 1} and all funds choose (aj , fj ) ∈ {0, 1} × [0, Wj ] for each pm ∈ R+ and mj ∈ {{0, 1}2 , ∅}, where wi ∈ [0, ∞) and Wi ∈ [0, ∞). Consider first a reduced game, where the strategy space for funds is fj ∈ [0, Wj ] and information acquisition decisions (a1 , a2 , . . . , aN ) are exogenous. Then strategy spaces of all investors are compact and convex, and strategy fj is concave and continuous in the expected payoff πj for a given strategy profile (f−j , xˆ) of all other investors, where E[πj (fj , f−j , xˆ)|Ij (aj )] = fj (E[p(fj , f−j , xˆ)|Ij (aj )] − R), and xˆi is quasi-concave and continuous for crowdinvestors i. Thus, the Debreu-GlicksbergFan theorem (e.g., Theorem 1 in Reny, 2008) guarantees the existence of a pure strategy equilibrium for any exogenous profile (a1 , a2 , . . . , aN ). Going back to the actual game with fund strategy space (aj , fj ) ∈ {0, 1} × [0, Wj ], which is not convex, every information acquisition profile (a1 , a2 , . . . , aN ) induces a reduced game for which we just showed a pure strategy equilibrium exists. By allowing mixed strategies in aj , we can convexify the strategy space to [0, 1] × [0, Wj ], and the expected payoffs from the mixed strategies are just linear combinations of the payoffs of the reduced game. Since a linear combination is quasi-concave and continuous, the Debreu-Glicksberg-Fan theorem guarantees existence of an equilibrium of the investment game, with possible mixing in aj and corresponding fj for all j and pure strategies for crowdinvestors xˆi . We still have to show that, given the outcomes of the investment game for every pm , there exists a profit maximizing price pm for the MR firm. For a given pm , all funds j 19



determine the information acquisition decision by solving the problem max E[πj |aj , a−j , f, xˆ] − aj pm ,



aj ∈[0,1]



where the set of mixed strategies [0, 1] is compact, and E[πj |aj , a−j , f, xˆ]−aj pm is continuous in pm . Berge’s maximum theorem implies that aj (pm )—the expected demand for market research by fund j—is upper hemi-continuous (uhc) in pm . Aggregate expected demand for P market research is j aj (pm ). The profit function for the market research firm is given by πM R (pm ) = pm



X



aj (pm ) − 1



j



( X



) aj (pm ) > 0 c.



j



P Since summation and integration preserves upper hemi-continuity, j aj (pm ) is uhc. MoreP over, the product of two non-negative uhc correspondences pm and j aj (pm ) is uhc. The nP o negative of the last term 1 a (p ) > 0 c is lower hemi-continuous, since the indicator j j m function nP 1 {x ∈ X} ois lower hemi-continuous if and only if X is an open set. Consequently, −1 j aj (pm ) > 0 c is uhc, and thus πM R (pm ) is uhc. We can find an upper bound for a profit maximizing pm , since no fund will buy market research if pm is larger than the maximally possible earnings in the capital market, which are bounded. Denote such a bound by 0 < P < ∞. Then, the market research firm chooses pm ∈ [0, P ], which is a compact set, hence the Weierstrass extreme value theorem implies there exists a pm which maximizes πM R (pm ). The following sections analyze the equilibrium properties, especially with respect to the wealth distribution of crowdinvestors, in more detail.



3.2.1



The impossibility of efficient investment with active funds



To characterize the set of possible equilibria in more detail, we next show that efficient state dependent investment and active funds—i.e., funds which are investing into the new product—are inconsistent. The main obstacle to achieving efficient investment with active investment funds is an informational friction: Funds first have to buy the information that allows them to adjust their investment, but there are no excess returns in an efficient equilibrium that would incentivize them to buy market research. The reason is similar to Grossman and Stiglitz (1980)’s result that there exists no (informationally efficient) equilibrium where traders acquire information at a cost. Proposition 7. There exists no equilibrium with an efficient state-dependent capital allocation in which investment funds invest into the new product. Proof. Suppose an equilibrium with efficient investment exists in which some investment funds invest, which implies that the return on investment is R in every state (Lemma 1 20



in the paper). In this case it does not pay for funds to buy market research at any price pm > 0, as funds can by assumption obtain an investment return R by investing elsewhere without paying pm . Consequently, investment funds must be uninformed in any efficient P equilibrium, and invest a state independent amount F ..= j fj > 0 in every state. In any equilibrium, each consumer can condition his investment plan xˆi on θi . Consequently, aggregate investment by consumers depending on the preference realization can be written as Z



1



Z



Z



1



[s1 xˆi (θi = 1) + (1 − s1 )ˆ xi (θi = 0)]di +



xˆi di = 0



0.5



0



[s2 xˆi (θi = 1) + (1 − s2 )ˆ xi (θi = 0)]di. 0.5



Efficiency requires that the price in each state equals R. In particular, 1−α β R R=α if s = β, F + [β xˆi (θi = 1) + (1 − β)ˆ xi (θi = 0)]di 1−α  1−β R if s = 1 − β, R=α F + [(1 − β)ˆ xi (θi = 1) + β xˆi (θi = 0)]di 



(16) (17)



and combining (16) and (17) implies Z (2β − 1)F = (1 − 2β)



xˆi (θi = 0)di.



R This condition is fulfilled with F = xˆi (θi = 0)di = 0, which contradicts the assumption R that investment funds invest. For F > 0 it implies xˆi (θi = 0)di < 0, but negative investments are impossible, thus contradicting feasibility. This result is independent of the wealth distribution of consumers. The proof proceeds in two main steps. First, suppose there is an efficient equilibrium where funds invest. Efficiency implies the investment return is R in every state (Lemma 1 of the paper). But then it does not pay to buy market research for price pm > 0, since return R can be realized with the alternative investment without this additional cost. Second, given that funds must be uninformed in an efficient equilibrium, their investment is constant over states s. Aggregate investment may still react to changes in s, since consumers may invest depending on their preferences. However, they do not invest as much as they would if investment funds were inactive, i.e., not as much as in the efficient equilibrium, since this would imply an expected return of less than R. But if consumers invest less, then the slope of aggregate investment X(s) in s¯ cannot be equal to (α/R)1/(1−α) as in the efficient equilibrium. That is, investment cannot scale up one-to-one with future aggregate demand. Consequently, there exists at least one state where aggregate investment is inefficient, which contradicts the earlier assumption that an efficient equilibrium in which funds invest exists.
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3.3



Equilibrium if all consumers can invest



As benchmark, we again consider the case where all consumers have wealth wi ≥ (α/R)1/(1−α) . In this case, the efficient equilibrium from the main paper persists after adding investment funds: All consumers with type θi = 1 invest, which is efficient and gives an investment return of R in each state. Given this investment strategy by crowdinvestors, it does not pay for funds to participate; they do not buy market research and do not invest. Proposition 8. If all consumers have wealth wi ≥ (α/R)1/(1−α) , then there exists an equilibrium where the consumer investment strategies are the same investment strategies as in Proposition 2 of the main paper (ˆ xi = θi (α/R)1/(1−α) ), and investment funds neither acquire information nor invest. This equilibrium is efficient. Proof. Suppose all consumers with θi = 1 invest xˆi = (α/R)1/(1−α) . Investment stage: The profit of one of the N corporate investors when using investment strategy fj with opportunity cost R and information set Ij , given the investment strategies xˆi of all consumers, is Es [πj (fj , f−j , xˆ)|Ij ] = fj (Es [p(f, xˆ)|Ij ] − R). The first order condition of Cournot competition with respect to fj , taking investment strategies of all other players as given, is 0 = Es [p0 (f, xˆ)|Ij ]fj + Es [p(f, xˆ)|Ij ] − R ⇐⇒ Es [p(f, xˆ)|Ij ] = R − Es [p0 (f, xˆ)|Ij ]fj , (18) hence funds aim to realize a price p > R, since p0 < 0. However, the investments of the consumers are enough to realize a price p = R in all states. Hence, first order condition (18) cannot be fulfilled with equality for any positive fj , and the optimal choice is a corner solution fj = 0 for all j. Acquisition stage: Since investment funds do not invest, buying market research is strictly dominated for pm > 0.



3.4



Equilibrium if one group of consumers cannot invest



If a group of consumers is poor and cannot invest (imbalanced wealth case), then there may be investment opportunities for the financial sector. If the poor are interested in the novel good and the wealthy are not, then future demand for the novel good will be large but investment by the wealthy and consequently supply will be small. Hence, the price of the novel good p—which is also the per unit return of an investment in the novel good—is larger than R. In this state it would pay for the financial sector to swoop in and arbitrage away (part of) the excess return on investment, because wealthy investors underestimate future demand for the novel good. 22



However, as a consequence of Proposition 3 of the paper and Proposition 7, there will be some inefficiency in capital allocation whenever there is a group of consumers that does not have enough wealth to invest. Throughout this section, we assume that all consumers R1 of group 2 (the poor) have no wealth, i.e., 0.5 wi di = 0. Corollary 1. Suppose wi is constant within each group of crowdinvestors. There exists no equilibrium with an efficient state-dependent capital allocation if wi < (α/R)1/(1−α) in any of the consumer groups. Proof. If investment funds do not invest, then the equilibrium cannot be efficient. This follows from Proposition 3 in the paper. If investment funds invest, then the equilibrium cannot be efficient. This follows from Proposition 7. In order to see why an efficient outcome is impossible if some consumer groups cannot invest, we describe the frictions involved in more detail. One obstacle to efficiency is the market power of investment funds if N < ∞. Efficient investment implies that all investors make zero profits compared to the outside option at rate R, but if the fund sector is not perfectly competitive, then funds will withhold some investment to drive up prices (and therefore investment returns). This can be directly seen in the first order condition (18) of the fund investment problem. Thus, even if funds were perfectly informed about the state of consumer preferences s, they would not want to remove all inefficiency, as this would imply zero profits (or in fact a loss, since becoming informed is costly). If the fund sector is competitive (N → ∞), then an efficient equilibrium is still not possible. To understand why, consider the following proposition, which establishes that, if the investment fund sector is competitive, then aggregate investment will not be affected by market research in equilibrium. Proposition 9. Suppose the investment fund sector is competitive (N → ∞) with mass 1, R1 R1 so that X = 0 xˆi di + 0 fj dj. Then there exists no equilibrium where a positive mass of funds buys market research for pm > 0. Proof. Suppose there is an equilibrium with a positive mass of funds buying market research and investing in the novel good using the superior information. Because a single investment fund j is small and its investment does not influence p, j can deviate by not buying research, keep investing, and making the same investment return as before, yet saving cost pm > 0. Proposition 9 shows that information acquisition is subject to a free-rider problem in a continuum of investment funds. As soon as aggregate investment reacts to market research information—which can only be the case if a positive probability mass of funds acquire it— then it pays to deviate for informed funds to not buying market research, and free-ride on
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the information incorporated in the aggregate investment by others.4 Consequently, even if there is a continuum of investment funds, no or only finitely many funds will become informed in equilibrium, but their impact on aggregate investment is negligible.5 Thus, with a competitive fund sector, the market for information breaks down. This result has a similar flavor as the one in Grossman and Stiglitz (1980) for financial markets, who show that there is no fully revealing equilibrium with costly information acquisition, because uninformed traders can free-ride on the information of informed traders. Finally, even if a competitive fund sector somehow got hold of the market research signal for free, this would still not lead to efficient investment, unless market research was noiseless (γ = 1). That is, a noisy signal (γ < 1) prevents efficiency, because a wrong market research signal—which occurs with positive probability—leads to an inefficiently high or low investment. Thus, an efficient equilibrium if not all groups of consumers can invest the efficient amount exists only if γ = 1, N → ∞, and market research is costlessly available (pm = 0). But this is equivalent to a situation where the consumer preference distribution realization is common knowledge, which is not realistic. Our results show that financial intermediaries cannot fully correct the inefficiency that arises when wealth and income distribution do not match. However, they may still play a useful role in increasing social welfare in such situations. To see why this is so, consider as a simple example the case where no consumer holds any wealth. Then the addition of intermediaries is unambiguously welfare improving—even without the possibility to purchase market research.
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The same argument would apply to crowdinvestors if they were allowed to buy market research. Hence, assuming that consumers may also buy market research would not change our results. 5 Moreover, independent market research signals cannot yield efficient investment either. Although a law of large numbers guarantees that many independent market research draws mj , j = 1, . . . , N reveal the state as N → ∞ perfectly even for γ < 1, the market for information would break down, because it does not pay for funds to become informed (Proposition 9).
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