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Abstract

How should firms be incentivized to adopt new technologies when the technical merits and
spillovers of such technologies are uncertain? We show that, when information is dispersed but
exogenous, efficiency can be induced with simple (constant) subsidies. When, instead, firms must
also be incentivized to collect information efficiently, subsidies must be conditioned on the ex-post
profitability of the new technology and, when the cost of information acquisition is unknown to
the planner, on the aggregate investment in the new technology. The optimal policy has a Pigou’s

flavor but accounts for the non-observability of firms’ acquisition and usage of information.
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1 Introduction

When deciding whether to adopt new technologies such as a new operating system or a new environment-
friendly production process, firms face uncertainty about the profitability of their investments. Such
an uncertainty may reflect limited familiarity with the new technology, but also the fact that its
profitability may depend on whether it is adopted also by other firms. Importantly, this uncertainty

is often endogenous, as firms can collect information about the new technology before investing.

In such contexts, how should the government incentivize firms to collect and use information in
society’s best interest? This question is at the center of an active policy debate as many countries
are devoting significant resources to boost innovation and technology adoption in a number of fields,
such as green technologies, the industrial internet of things, and fintech.!

We show that if the information the firms possess is dispersed but exogenous, efficiency can be
induced by combining familiar subsidies correcting for firms’ market power with additional state-
invariant subsidies to innovating firms appropriately designed to make them use the available infor-
mation efficiently. When, instead, firms must also be incentivized to collect information efficiently
prior to investing, it becomes necessary to resort to more sophisticated policies that condition the
subsidies to the innovating firms on the profitability of the new technologies and, when the cost of
information is unknown to the policy maker, on the aggregate investment in the new technology.
Such richer policies operate as a Pigouvian correction realigning the private value of information to
its social counterpart by inducing firms to internalize the externality that their decisions impose on
others. However, they account for the fact that neither the acquisition nor the use of information
is verifiable. That Pigouvian taxes/subsidies can correct externalities when information is complete
and firms’ activities are verifiable is known. The paper’s contribution is in showing that a specific
version of such policies also creates the right incentives for information acquisition and its subsequent
utilization.

In our model, the key externality originates in investment spillovers. Policies similar to those
characterized in this paper can also be used to correct for other externalities. One example is the
adoption of “greener” technologies that reduce pollution, where firms face uncertainty both about
the technical merits of the new technologies and whether they will be used by a large enough number

of firms to make them not only environment-friendly but also economically viable.

The paper is related to the literature investigating the interaction between investment under
uncertainty, innovation, and the corrective role of taxation in the presence of externalities (see, e.g.,
Akcigit et al. (2018), (2022a), and the references therein). In particular, our work is related to
Akcigit et al. (2022b), who investigate how to use policy to stimulate R&D investments in the

presence of technology spillovers between firms that are heterogeneous and privately informed about

1See, for example, the European Commission policy briefs on advanced technologies for industry -

https://ati.ec.europa.eu/reports/Policy-Briefs



their research productivity.? Our model abstracts from many effects considered in that paper. Our
contribution is in endogenizing information about both the technical merits of new technologies and
the spillovers associated with them and showing how appropriate subsidies can correct inefficiencies
in both the acquisition and usage of information. Alvarez et al. (2022) study how to stimulate the
adoption of new technologies in the fintech industry. This paper focuses on dynamic spillovers, but
it does not investigate how to correct inefficiencies in the acquisition and usage of information. The
latter topic is investigated in Pavan et al. (2022) who, however, focuses on information aggregation
in financial markets, and does not consider spillovers in investment decisions or other direct payoff
interdependencies among the relevant actors.

Our paper is also related to a broad literature in both micro- and macro-economics investigating
incentives for information acquisition and efficient information usage. See, among others, Bergemann
and Valiméki (2002) for how to use Vickrey-Clarke-Groves (VCG) transfers to incentivize agents
to acquire information prior to participating in a mechanism, and Angeletos and La’o (2020) for
optimal monetary policy over the business cycle with dispersed information. The contribution of our
paper vis-a-vis this literature is in showing how to correct for externalities originating in investment
spillovers and establishing that policies resembling Pigouvian corrections induce efficiency in both

information acquisition and usage.

The rest of the paper is organized as follows. Section 2 introduces the model. Section 3 contains
all the key results. Section 4 concludes. All proofs omitted in the main text are in the Appendix at

the end of the document.

2 The Model

The economy is populated by (i) a measure-1 continuum of firms each producing a differentiated
intermediate good, (ii) a competitive retail sector producing a final good using the intermediate
goods as inputs, (iii) a measure-1 continuum of homogenous workers, and (iv) a benevolent planner.

Each firm is run by a single entrepreneur who must decide whether to operate under an existing
technology or adopt a new one. Indexing firms by ¢ € [0,1], we denote by n; = 1 (alternatively,

n; = 0) the decision by firm i to adopt the new technology (alternatively, retain the old one). Let

N:/nidi

denote the aggregate investment in the new technology, and I; € R4 the amount of labor employed

by firm ¢. The amount of the intermediate good produced by firm ¢ is given by

oy - o
i:{v@ﬂ+BN)Q1ﬁ%—1’ D

O+ BNV ifn;=0

%See also Bloom et al. (2002) for the effects of R&D tax credits on innovation.



with v > 1, >0, a > 0, and ¥ < 1. The variable © > 0 proxies for the uncertainty that firms
face at the time they make the relevant production decisions. The parameter ~ scales the return
differential between the two technologies, whereas the parameters o and 8 control for the returns to
scale and the intensity of the investment spillovers, respectively. Finally, the parameter v captures
the marginal productivity of labor. The variable © thus contributes both to the output differential
between the two technologies and to the magnitude of the investment spillover, that is, the effect of
aggregate investment N on individual output.

Whereas the new technology is more efficient than the old one, its differential is unknown at the
time firms decide whether to adopt the new technology. After choosing which technology to use, each
entrepreneur learns © and N, and then chooses the price p; for the intermediate good it produces.?
Finally, given ©, N, and the realized demand for its intermediate good, firm ¢ employs labor [; on a
competitive market to meet its demand. Labor is supplied by the continuum of measure-one workers.

Adopting the new technology costs k > 0. Such a cost can be interpreted as the disutility the
entrepreneur incurs to familiarize with the new technology. What matters for the results is that such
a cost is not mediated by a market that fully aggregates the entrepreneurs’ dispersed information.
The dependence of the production function on the aggregate investment N captures the idea that
each entrepreneur benefits from the adoption of the new technology by the other entrepreneurs. That
such spillovers affect both the entrepreneurs adopting the new technology and those retaining the

old one is not essential for the results. What matters is that the output differential
(v =1)0 (1 + BN)*1¥

between the two technologies is increasing in both N and ©.

The final good is produced by a competitive retail sector using the familiar CES technology

Y:(/y;vldz')vvl, (2)

with v > 1 denoting the elasticity of substitution between goods. The price of the final good is P

and the profits of the competitive retail sector are given by
1= ry - [ pydi

where p; is the price of the intermediate good paid to firm 3.
Let 0 = log©. It is commonly believed that 6 is drawn from a Normal distribution with mean
0 and precision mp. The realization of @ is unobserved by the entrepreneurs. Each entrepreneur i

chooses the precision 7 of an additive private signal

ri =0+

3See the supplement for an extension in which firms set prices under dispersed information.



about ¢, with & drawn from a Normal distribution with mean zero and precision 77, independently
from 6, and independently across i. The cost of information of precision 77 is equal to Z(x}), with Z
continuously differentiable and such that Z’(0) = 0, Z'(7¥) > 0 and Z" (x¥) > 0 for all #¥ > 0. Such
a cost can be interpreted as disutility of effort. The results extend to general/flexible information
technologies but are best illustrated with the Gaussian structure described above.

Each entrepreneur maximizes her firm’s profits, which are then used to finance the purchase of
the final consumption good. Accordingly, each entrepreneur’s objective function is given by
_ piyi =Wl

IT;
P

+ T — kn; —I(ij),

(2

where W is the nominal wage rate, and T is a transfer to the firm in terms of the final consumption
good.

Each worker uses his labor income to purchase the final consumption good by maximizing

14+¢
vV,
P 1+¢

T,

where 112 /(1 + ¢) denotes the disutility of labor, with ¢ > 0, and T is a tax collected by the
government. Because labor is undifferentiated, in equilibrium, each worker provides the same amount
of labor. The government’s budget is balanced implying that [ T;di = T.

A benevolent planner maximizes the ex-ante sum of the firms’ profits and of all workers’ utilities

W:E[/Hidi+U:|.

Using that (a) the total labor demand must equal the total labor supply, (b) the government’s budget
is balanced, (c) all entrepreneurs choose the same precision of private information in equilibrium,
(d) firms’ total revenues coincide with the total expenditure on the final good, and (e) the total
consumption of the final good C coincides with its production Y, we have that the government’s
objective can be expressed as

[i+e

14+¢

W:E[C—kN— ]—Iw).

The planner thus maximizes aggregate consumption, net of the costs to upgrade the technology, the

labor costs, and the information-acquisition costs.

The timing of events is the following.

1. Nature draws 6.

2. Each entrepreneur ¢ chooses the precision 7§ of her private information.
3. Each entrepreneur i receives a private signal z; about 6.

4. Entrepreneurs simultaneously choose n;.



5. After # and N are publicly revealed, entrepreneurs simultaneously set prices p;.

6. The competitive retail sector chooses how much of each intermediate good to purchase taking

the prices of the intermediate goods and the price P of the final good as given.

7. Given the demand y; for her intermediate good, entrepreneur ¢ hires [; units of labor to meet

her demand, taking N and 6 as given.

8. A representative household comprising all workers and entrepreneurs chooses how much of the

final good to buy taking the price of the final good P as given.

Because money in this economy has only a nominal effect on prices and plays no other role, we omit
it.
The economy described above has two distinctive features: (a) the endogeneity of the firms’

private information and (b) the investment spillovers.

3 Efficiency and Optimal Policy

3.1 Efficient Technology Adoption

The efficient allocation has three parts: the precision of private information, #%*, a rule specifying
how firms should choose between the two technologies based on their dispersed information x, and
a rule describing how much labor each firm should employ as a function of § and z (equivalently, 0
and the technology adopted). These three parts are chosen jointly to maximize ex-ante welfare.*
Lemma 1 below focuses on technology adoption. The rule describing the efficient employment of
labor is in the proof of Lemma 1, whereas the formula for the efficient precision of private information

7* is in the proof of Lemma 3 in the Appendix.®

Lemma 1. Let ¢ = % and suppose that v¥ > 14+ 3 and ¥ < min{l, a(lvtal)}. For any
precision of private information 7%, there exists a threshold &(m") such that efficiency in technology
adoption requires that each firm with signal x > &(7") adopts the new technology, whereas each firm

with signal x < &(7") retains the old technology.
Proof. See the Appendix.

The parameters’ restrictions in the lemma guarantee that the social value of upgrading the
technology (net of its disutility cost) is increasing in the fundamental and in the mass of firms adopting
the new technology. Our key results below extend to economies in which the above restrictions are
dispensed with. The characterization of the efficient allocation in such economies (in the Appendix)

is, however, more convoluted.

“The notion of (decentralized) efficiency is standard and is the same as in Vives (1988), Angeletos and Pavan (2007),

and Colombo, Femminis and Pavan (2014), among others.
5The reason for relegating these parts to the Appendix is that they are useful for comparative statics but not

essential to follow the key arguments below.



3.2 Equilibrium Conditions

We start by characterizing the equilibrium allocations for given technology choice. The assumption
that the retail sector is competitive implies that, in equilibrium, II = 0 and that the price of the final

good is equal to
1

P ([oa)™ 3)

with the demand for each intermediate good given by

yi—c(P>”, (4)

pi

where C is the consumption of the final good and is determined by the interaction between the repre-
sentative consumer and the competitive retail sector. Furthermore, because labor is undifferentiated

and the labor market is competitive, the supply of labor is given by

where the right-hand side is the marginal disutility of labor. The demand for labor by each en-

trepreneur ¢ is then given by

" 1/
hi=|——"——= : 5
' (79(1+6N) > ®)

if entrepreneur ¢ adopted the new technology, and by
/¢
Yi

loi= | —————=% , 6
’ (@ (1+5N) ) ©

otherwise. In both cases, the entrepreneur takes both N and © as given. Market clearing then

4 (i)

Let py (0;7) and [; (0;7%) (alternatively, po (6; %) and Iy (6; 7*)) denote the equilibrium price

implies that

and labor demand of each firm adopting the new technology (alternatively, retaining the old one).
Note that the dependence of these functions on 7% comes from the fact that, in equilibrium, the

fraction of firms adopting the new technology in state # depends on 7*.

3.3 Optimal Policy

Given the above equilibrium conditions, we first characterize a simple policy implementing the effi-
cient usage of information when the precision of private information 7% is exogenous. Next, we show
that such a simple policy fails to induce the entrepreneurs to collect information efficiently, but a

certain amendment guarantees efficiency in both the collection and the usage of information.



3.3.1 Exogenous Information

Suppose that the precision of private information is exogenous and equal to 7*. Let r = py/P denote
a representative firm’s revenues in terms of the consumption of the final good. Next, let C (0; ")
and N (0; ™) denote, respectively, the amount of the final good consumed and the measure of firms
adopting the new technology in state 8 when the precision of private information is 7%, and all firms

make all decisions efficiently.

Lemma 2. Suppose that the conditions in Lemma 1 hold, and that the precision of private infor-
mation is exogenous and equal to ™. The following policy implements the efficient allocation. Fach

firm adopting the new technology receives a total transfer equal to

z(m"), Wm] ,

with Z(7*) as defined in Lemma 1. FEach firm retaining the old technology receives a total transfer

where .
aBC(0; ")
1+ BN (6; )

e =

equal to

TO (’l“) = T.
Proof. See the Appendix.

When information is exogenous, efficiency in both technology adoption and in the subsequent
employment of labor can be induced with a simple policy that combines the familiar revenue subsidy
r/(v — 1), designed to offset firms’ market power, with an additional (constant) subsidy Sz to the
innovating firms. Naturally, those firms adopting the new technology expect higher revenues and
hence a higher subsidy r/(v — 1). However, this subsidy alone is not enough to guarantee that firms
adopt the new technology efficiently. This is because firms do not internalize that, by adopting the
new technology, they increase other firms’ output. The additional subsidy 5;« to the innovating
firms corrects for such an externality by guaranteeing that each firm with signal z < &(7”%) finds it
optimal to retain the old technology, whereas each firm with signal x > Z(#") finds it optimal to
adopt the new one.

The term )

apC(6; ")
1+ BN (0;77)
in the formula for §;= represents the marginal externality created by the investment spillover. It
coincides with the increase in the production of the final good that obtains if one increases N by a
small amount ¢ > 0 around the efficient level N (0; ™), holding firms’ technology and employment
decisions fixed. The subsidy S,z to the innovating firms is thus the externality expected by the

“marginal innovator” with signal equal to the efficient threshold z(x%).



3.3.2 Endogenous Information

We now turn to the case where firms’ information is endogenous. Let 7%* denote the precision of the

firms’ information that maximizes welfare (its characterization is in the proof of Lemma 3 below).
Let ON (0;7%*) /On® denote the marginal variation in the measure of firms adopting the new

technology at 6 that obtains when one varies 7% infinitesimally at 7% = 7** holding the rule for

technology adoption fixed at n(x; 7*).

Lemma 3. Suppose that information is endogenous and that the economy satisfies the conditions in
Lemma 1. Consider a policy that pays the firms retaining the old technology a total transfer equal to

1

T () = ——

T,

and the firms adopting the new technology a total transfer equal to

1

Ty (0,7) = s(0) + p—

T,

where the additional subsidy s(0) to the innovating firms is determined ex-post, after 0 is revealed.
Such a policy induces firms to acquire and use information efficiently only if s(0) is non-decreasing

and satisfies the following two conditions

aBC (0; )

Els O ) m] =B | R (0 me)

and . R .
afBC (0; ) ON (0;7)
+ BN (6;me) O

s(0)

ON (0;7™) |
2

Proof. See the Appendix.

Condition (7) is a restriction on the expected value of the subsidy s(#), whereas Condition (8)
is a restriction on the covariance between the subsidy s(f) and the marginal effect of more precise
information on the aggregate investment N (0; *) in the new technology under the efficient alloca-
tion. Together with the condition that s(f) is non-decreasing, the above two conditions guarantee
that, in equilibrium, firms acquire information of precision 7* and then use it efficiently. Note that
the simple policy of Lemma 2, specialized to 7% = 7%, satisfies Condition (7) but not Condition (8),
and hence fails to induce efficiency in information acquisition. This is because a constant subsidy
equal to the externality expected by the marginal investor with signal #(7®*) fails to induce the
right covariance between the subsidy s(f) and the (state-dependent) marginal effect of more pre-
cise information on aggregate investment N (0; ™*) /Om™ necessary to realign the private benefit to
information to its social counterpart.

To induce efficiency in both information acquisition and information usage it is necessary to let

the subsidy s(f) to the innovating firms vary with the profitability € of the new technology, which



can be inferred ex-post from the observation of the firms’ output, using information about the inputs
used (here labor) and the form of the production function.
Building on the previous results, the following proposition identifies a policy inducing efficiency

in both information acquisition and technology adoption.

Proposition 1. Irrespective of whether the economy satisfies the conditions in Lemma 1, the policy

of Lemma 8 with a subsidy to the innovating firms equal to

o) — 2P0 (87

14BN (6;77) ?)

induces all firms to acquire and use information efficiently.

Proof. Suppose that all other firms (a) acquire information of precision 7**, (b) adopt the new
technology when, and only when, it is socially efficient to do so, and (c) set the prices po(0; 7**) and
p1(0; 7*) that induce the efficient employment decisions. Then, in each state 6, irrespective of the
precision 7% of its private information, each firm finds it optimal to set a price equal to po(6; 7**)
when it retains the old technology, and equal to pi(f;7**) when it adopts the new technology.
Furthermore, each firm assigns a private value to upgrading its technology that coincides with the
planner’s value (see the proof of Lemma 2 in the Appendix for the formal arguments). These
properties hold irrespective of whether the economy satisfies the conditions in Lemma 1. The same
properties also imply that the value that the firm assigns to acquire information coincides with the
planner’s value. Because the private cost of information also coincides with the social one, the above
results imply that acquiring information of precision #%* and then using the information efficiently
(both when it comes to choosing the technology and setting the prices) is individually optimal for

each firm expecting all other firms to do the same. Q.E.D.

As anticipated above, the state-contingent subsidy in (9) operates as a Pigouvian correction
that induces each firm to internalize the effect of its technology choice on the production of the
final consumption good when all other firms acquire and use information efficiently. To see this,
let A denote the cross-sectional distribution of firms’ technology and employment decisions (n;, ;).
Let Cn (0, A) denote the marginal change in the production of the final good that obtains when,
holding 6 and A fixed, one changes N in all firms’ production functions by a small € > 0, starting
from N = Nj where N, is the aggregate investment in the new technology under the distribution
A. Next, let A(G, %) denote the cross-sectional distribution of firms’ technology and employment

decisions (n;,[;) under the efficient allocation. Then

A . BC (0;7%)
0. A0, 7)) = 2220 .
CN( ’ ( y T )) 1+6N(9,7TI*)

That is, the state-dependent subsidy in (9) coincides with the marginal change in the production

of the final good that obtains as a result of a marginal change in N, evaluated at N = N (0; ),

10



holding all firms’ technology and employment decisions fixed at the efficient level. Such a policy
is thus reminiscent of familiar Pigouvian corrections for complete-information economies. These
corrections also induce firms to collect and use information efficiently when information is dispersed
and endogenous.

The Pigouvian policy of Proposition 1 is not the unique one implementing the efficient allocation.
Other state-contingent policies do the job. Furthermore, when information acquisition is verifiable,
the planner can control separately the firms’ incentives to acquire information, for example by taxing
those firms that fail to acquire information of precision 7**. However, one of the limitations of the
above policies (including the one in Proposition 1) is that they require the planner to know the
firms’ information acquisition technology (formally, the type of signals that firms can acquire and
their costs).® Such a knowledge may not be available in many markets of interest.

As the next proposition shows, this knowledge, however, is not essential: efficiency in both
information acquisition and usage can be induced by conditioning the transfer to the innovating

firms directly on the cross-sectional distribution of firms’ technology and employment decisions.

Proposition 2. Suppose that the planner does not know what type of information the firms can collect
(equivalently, the cost of different information structures). Efficiency in both information acquisition
and usage can be induced through a policy that pays to the non-innovating firms a transfer equal to

1

T () = ——

r

and to the innovating firms a transfer equal to

T (0,7, A) = Cn (0, A) +

,
v—1"

where A is the ex-post cross-sectional distribution of firms’ technology and employment decisions
(ni,l;), and where Cn(0,A) is the marginal change in the production of the final good that obtains

as a result of a marginal change in N holding all firms’ technology and employment decisions fized

at the level specified by A.

Proof. Suppose that all other firms (a) acquire information efficiently (with information acqui-
sition taking the form of a private signal mapping 6 into a distribution over posterior beliefs over ),
(b) use information efficiently to make their technology choice, and (c) set prices in each state 6 so
as to induce the efficient employment (and hence production) choices. Then each firm has enough
knowledge about the economy to compute the efficient allocation and has incentives to follow the
same efficient policies as any of the other firms. In fact, the revenue subsidy r/(v—1) guarantees that
each firm, no matter its technology, after learning 6, has the right incentives to set the price for its
intermediate good at a level that induces the efficient demand for its product, and hence the efficient

employment decisions (see the proof of Lemma 2 where the result is established without using the

®In the context of Proposition 1, this knowledge is used to compute C (6; 7*) and N (6; 7).

11



specific properties of the firms’ information structure). Furthermore, when, in each state 6, the extra
subsidy to the innovating firms takes the form of the marginal externality Cy (0, A) exerted by N on
the production of the final good (holding all firms’ information, technology, and pricing rules fixed),
the marginal value that each firm assigns to upgrading its technology coincides with the planner’s
value in each state (see the proof of Lemma 2). The above properties imply that the private value to
information coincides with the social one and hence that all firms have the right incentives to acquire

and then use information efficiently. Q.E.D.

The result in Proposition 2 illustrates the power of the Pigouvian logic. When the planner
announces that innovating firms will receive a subsidy equal to the ex-post (marginal) externality
Cn (60, A) that each firm’s technology choice exerts on the production of the final good, it re-aligns
firms’ objective with total welfare, non just at the interim stage but ex-post. The planner can then
delegate to firms the computation of the efficient allocation while guaranteeing that, in equilibrium,
they acquire and use information efficiently.

The policies of Propositions 1 and 2 also resemble VCG transfers but with the correction operating
on the margin instead of the levels.” While the VCG transfers eliminate the wedge between the
private and the social objectives by making firms’ profits (net of the transfers) proportional to their
contribution to total welfare, the policies in the above two propositions eliminate the wedge between

the marginal private and social benefit of varying the firms’ decisions.®

4 Conclusions

We investigate firms’ incentives to learn about the profitability of new technologies when such tech-
nologies are affected by investment spillovers. We show that firms can be induced to acquire infor-
mation about the new technologies efficiency and then use such information in society’s best interest
through a policy that, in addition to correcting for firms’ market power, provides those firms adopt-
ing the new technology with a subsidy that makes them internalize the effects of their investments
on other firms’ production of intermediate and final goods.

The paper shows that the power of Pigouvian corrections extends to economies in which neither
the collection nor the usage of information is observable. Similar results obtain in markets in which
externalities originate in pollution and/or spillovers from investments in human capital.

In future work, it would be interesting to extend the analysis to economies in which firms, in
addition to acquiring information about the profitability of new technologies, expand the set of
available products over time and strategically choose when to replace existing products with new

ones, thus contributing to the understanding of the innovation diffusion process.

"See Bergemann and Vilimiki (2002) for the role of VCG payments in mechanism design with endogenous infor-

mation acquisition.
81n our economy with a continuum of infinitesimal firms, VCG payments do not work, as the contribution of each

firm to total welfare is zero.
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Appendix

Proof of Lemma 1. Fix 7* and drop it from all expressions to ease the notation. Efficiency requires

that any two firms with the same technology employ the same amount of labor. Letting n(z) denote

the probability that a firm receiving signal x adopts the new technology, /1 (6) and lo(#) the amount

of labor employed by the firms adopting the new technology and by those retaining the old one,
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respectively, we have that the planner’s problem can be written as

max CGdQG—k/NGdQQ-i—
n(xw)’lo(e)/g ©)420) =k [ N(©)a2.0)
1

- s [ONG) + )0 - N0 6) +

- [eo (vo) - [n@on)a ),
0 x
where €2 () is the cumulative distribution function of 6 (with density w ()), ® (z|0) the cumulative

distribution function of x given 6 (with density ¢ (x|6)), Q(#) the multiplier associated with the
constraint N () = [ n (x)d® (x|0), and

() = (31 ()7 N®) +y0(6) (1= N(©))"" (A1)

with
y1 (0) =70 (1+ BN (0))° 1 (6)", (A2)

and
yo (0) = © (1+ BN (0))* 1o(0)". (A3)

Using (A.1) and (A.2), the first-order condition with respect to [1(f) can be written as

1
v—1 'Uflf]_

6 (11 (0 NO) +30(0) 7 (1= N©) ™ (10 (14BN (0))*) T 1(0)**
— (L(O)N(0) +1o(6)(1 — N(6)))° =0.

Letting
L(0) = L(OIN(O) +1o(6)(1 — N(9)), (A.4)

and using (A.1) and (A.2), we have that the above first order condition reduces to

v—1

7= 1L(0)L (0)° . (A.5)

$C(0)vy1(6)

Following similar steps, the first order condition with respect to lp(6) yields

v—1

GCO)vyo(0) T = 1o(0)L (0)°. (A.6)

Using (A.2), (A.3), (A.5) and (A.6), we obtain that

11(0) = 7*10(0), (A.7)
L(0) =1 (0)[(1F — )N (0) +1]. (A.8)

Hence, (A.1) becomes
C(0) = © (1+ BN (0))* 1o(0)" (v — 1) N (8) + 1) . (A.9)
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Next, using (A.6), (A.8) and (A.9), we obtain that
lo(6) = $T75 (O (14 BN (6))*) 757 (72 — 1) N (8) + 1)@= D507 | (A.10)

Note that lp(6) > 0 for all §. The above conditions are both necessary and sufficient given that the
planner’s problem has a unique stationary point in (lp,l;), for any 6.
Next, consider the derivative of the planner’s problem with respect to N(6). Ignoring that N(#)

must be restricted to be in [0, 1], we have that
Q(0) = Cn (0, A(0)) — k — L(0)° (1a(0) — 1o(0)) ,

where C (0, A(6)) is the marginal change in the production of the final good that obtains when one
changes infinitesimally the proportion N of firms investing in the new technology, starting from N (0)
and holding ly(0) and {1 (€) fixed. Observe that A(6) is the cross-sectional distribution of (n;,[;) that
obtains at 6 when firms make decisions according to (n;(x),1(0),11(0)).

Lastly, consider the effect on welfare of changing n(x) from 0 to 1, which is equal to

Alz) = /9 Q(6) (x]0) w (6) db.

Using the fact that ¢ (z|0) w (0) = f (0|z) g (z), where f (0|x) is the conditional density of 6 given x

and g(z) is the marginal density of z, we have that
AW [ Q(0)f (012) db = EIQ() ).

Hence, efficiency requires that all firms receiving a signal = such that E[Q(6)|z] > 0 invest, whereas
all those receiving a signal x such that E[Q(#)|x] < 0 do not invest.
Next, use (A.1), (A.2) and (A.3) to obtain that

v—1

Cx (6,M0))) = 55C0) [11(0)F ~w0(0)T | + 5% C(0).

Finally, use (A.5) and (A.6) to observe that

L(O)* (L(6) — 1o(6)) = wC(0) = (11(6)F —1o(6)F ).
We conclude that

af
1+ BN (0)

v—1

o) = (=) ot [n®)'F - o) + oo

— k. (A.11)
v—1

Using (A.2), (A.3), (A.7), and (A.9), after some manipulations, we have that

v—1 v—1

CO) [11(0)F —u(0)F | =
= (¥ = 1)N (6) + 1)77 O (14 BN (0))* lo(0)" (+* —1). (A.12)
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Using (A.9), we thus have that

Q(6) = (12 = 1) N (6) +1)=1 © (1 + BN (8))* 1o(6) x

-1 af )
X + — k.
(@[(W —DN(@)+1]  1+5N(0)
Using (A.10) to substitute for the expression for [y(6) into that for Q(#), we finally obtain that

a(l+e)

Q(8) = YTHTOTT ((1° — 1) N(9) + 1) 79 (14 AN(0)) 5

1 aB((v* — )N@B) + 1)
X( PR ) () )"“‘

Note that, when the parameters satisfy the conditions in the lemma, Q is increasing in both N (for
given 6) and in 6 (for given N). That, for any 6, Q(0) is increasing in N implies that welfare is
convex in N under the first best, i.e., when 6 is observable by the planner at the time the investment
decisions are made. Such a property implies that the first-best choice of IV is either N =0 or N =1,
for all 6, which, along with the fact that Q() is increasing in 0 for any N, then implies that the
first-best level of N is increasing in §. This property in turn suggests that the efficient strategy n ()

is monotone. For any Z, then let

and

allre)

o —_— N ~ _1te _ (1
Q(0)|z) = ¢1+iw®1+1;w (¥ —1)N(9)2) + 1) S L (1+ BN(60]2)) 7 x

(2P =1, @B (0P - 1) N
® 1+ BN (0|2

Observe that, under the parameters’ restriction in the lemma, E[Q(6|%)|#] is continuous in #, strictly
increasing, and such that

lim E[O(0|2)|2] <0< lim E[O(0]&)|4].

T——00 T—400

Hence, the equation E[Q(0|#)|2] = 0 admits one and only one solution. Denote such a solution by
#. Furthermore, E[Q(0|2)|z] < 0 for z < & and E[Q(f|Z)|z] > O for + > #. Reintroducing the
dependence on 7%, we conclude that, under the assumptions in the lemma, there exists a threshold
Z(7") satisfying

a(l4e)

c R 1te 1 .
PTETOTET ((1F — )N (0;77) +1) 7T (14 68 (6557)) T x

E

B ¢ _1)N (6;7%) + 1
e 1+aﬂ((v ¥ (6im) ) D
® 1+ BN (0;7)
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with N (0;7%) = 1 — ®(&(x*)|0; 1), such that the investment strategy 7 (z;7%) = I(z > &(n%))
along with the employment strategies {1 (6; %) and ly(0; ©*) satisfying the above first-order conditions

constitute a solution to the planner’s problem. Q.E.D.

Proof of Lemma 2. As in the proof of Lemma 1, we drop n% from all formulas. We also drop 6
when there is no risk of confusion.
Consider first the problem faced by a firm that has innovated. Each such firm chooses p; to maximize

piy1 — Wh <p13/1>
cigr — Pl e (2191
p U
taking W and P as given, accounting for the fact that the demand for its product is given by
P v
n=C <> ; (A.13)

b1

with C' exogenous to the firm’s problem, and accounting for the fact that, given y;, the amount of

labor that the firm needs to procure is given by

v=(sen ) (A4

The first-order condition with respect to p; is given by

1y Wy 1dTy (piyr/P) d(piyr)
1—v)yopr-lpre - L4, 2
( v) b1 P dp + P dr dpy

<=

=0.

Combining (A.13) with (A.14), we have that

v /
cr )a>1 " (A.15)

I, =
' <ph@ (1+ BN

from which we obtain that

o eh
dpr  Ypr
Using (A.13), we also have that
d (p1y1)

=(1—v)CP"p;".
dpr ( ) Py

Replacing these last formulas into the above first-order condition, and using (A.13) to express y; as
y1 = CP"p; ", we obtain that

Wl dr P)(1 -
Q- v (pry1/P) (L =)y _
P PyYym dr P
Multiplying all the addenda by p; /v, we have that
1-— 1 1—vdTl P
v Y1p1 —Kh v dTy (piy1/P) y1p1 _ 0. (A.16)

v P wP—'_v dr P
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Next use (1) and (4), along with (A.7) and (A.9), to observe that, in any equilibrium implementing

the efficient use of information,

1
%)

= ((F = DN +1) TP (057,

o= (=D F 1) P i),
and, using (3),
PO = (3N + 4 (1- §)) 7
Now suppose that all other firms follow policies that induce the efficient allocations. Hereafter, we use

“hats” to denote the efficient choices by such firms as well as the corresponding aggregate variables.

Observe that market-clearing in the labor market requires that

W _ e,
P

with L as defined in (A.8). Recall that, by virtue of Condition (A.5), efficiency requires that

A1 v—1

—pCvyy

+ [Azail =0.

Accordingly, from (A.16), we have that

1-— N v—1] 1 — v dT; P
Uyl%)l +C%Q1 71171+ v 1(2911/1/ )ylgh
v P I v dr P

= 0. (A.17)

From (A.13) we obtain that

h

S|
S|

P1
Fv

=C~

so that the first-order condition (A.17) becomes

L-vyp | ipnh | 1—vdly (P1y1/P) y1p1

- =0.
v P P v dr P

Multiplying all the addenda in the last condition by P / (y1p1), we obtain that

1—vw ylﬁl ll 1—’[}dT1 (plyl/P>
+ = +
v y1p1 v dr

=0. (A.18)

Condition (A.15) allows us to express the ratio between the amount of labor that the firm needs to

hire and the efficient one in terms of the ratio between the firm’s own price and the efficient one

ho_ <p) v
il D1 .

The ratio between the efficient revenue and the one obtained by the firm choosing p; can also be

expressed in terms of the ratio between the firm’s price and the efficient one. In fact, using (A.13),

A A ~ 1—v
npr _ (pl)
Yy1ip1 b1
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The first-order condition (A.18) thus becomes

1- 5\ VT 1 —wdl P
U+<p1> N vdTh (p1y1/P)

v i v dr =0

For the rule T to implement the efficient allocation, it must be that p; = p; solves the above

first-order condition. This is the case if and only if

| v 14T (i /P)

v v dr

Because p171/ P is state dependent, thus have that 77 must be affine in r and satisfy

" (A.19)

with s invariant in 7. Furthermore, one can show that, when all other firms follow policies that induce
the efficient allocations, under the transfer rule (A.19), the payoff of each firm that adopted the new
technology is quasi-concave in its own price, which implies that the above first-order condition is also
sufficient for the firm to optimally choose p; = p1.

Applying similar arguments to those firms that retain the old technology, we have that a policy that

provides a transfer equal to

To(r) = " (A.20)

to those firms retaining the old technology induces such firms to set a price equal to Py in each state
0 (equivalently, to hire the efficient amount of labor ly).

Next, consider the firms’ technology adoption. Since firms do not know 6 when they choose their
technology, we reintroduce 6 in the notation to highlight the uncertainty that they face. When the
transfer rule T satisfies the conditions above, each firm anticipates that, if it innovates, in each state
0 it will then set a price p(6), hire [1(#) and produce 9 (6), whereas, if it retains the old technology,
it will then set a price po(6), hire Ip(d) and produce §o(f). As a result of these observations, each

firm receiving a signal x finds it optimal to adopt the new technology if
E[R(8)]a] > 0,

and retain the old one if the above inequality is reversed, where

RO) =71 0) =0 (0) ~ ) (10) =) 4T3 0.710) =Ty (o) ~

is the extra profit (net of the subsidy) from adopting the new technology relative to retaining the

old one, with
by (0) 5y ()
P(0)

denoting the (real) revenue the firm generates in state 6 by following the efficient policies, with f =0

T(0) =

in case the firm retains the old technology and f = 1 if it innovates.
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Recall that the Dixit and Stiglitz demand system (A.13) implies that

S

pr(0) = P (0)C(8)7 3(6) >

so that

P1(0) = C(0)7 gy ()5 for f=0,1. (A.21)
Also recall that market clearing in the labor market implies that

WO _ iy
P(0) '

Hence, R(#) can be rewritten as follows

1

R(O) = C 0) (11(0) = 50(0)7) = L(O)7 (1(0) ~ o(0) ) + T3 (6,74(0)) — Ty (71(6)) b,

which, using (A.5) and (A.6), becomes

v—1 v—1

R(O) = (1 =) C(0)° (5:(0)F — do(0)

) T (0, 71(0)) — Ty (71(6)) — k.

Therefore, when the policy takes the form in (A.19) and (A.20), with s(#) possibly depending on 6,
using (A.21), we have that

71 (6,71(6)) — To (Fo(6)) = 3 0) + ——C (@)% (12(6)"T — ()" ).

Accordingly, R(#) can be written as

v—¢v-1)

v—1

v—1 v—1

v — QO(G) v

N 1/
R(0) = < ) () (o) ) +5(0) k. (A.22)
Now recall that efficiency requires that each entrepreneur invests if E[Q(#)|x] > 0, and does not
invest if E[Q(0)|x] < 0, where, as shown in (A.11),

Q(O) = (=57 COF [0 T~ 30(6) T | + CO) 55—k

We conclude that, for the proposed policy to induce efficiency in information usage, it suffices that
E[R(0)|z] > 0 whenever E [Q(A)|z] > 0 and E[R(f)|z] < 0 whenever E[Q(f)|x] < 0. When the
economy satisfies the properties of Lemma 1, E [Q(6)|z] > 0 has the single-crossing property, turning
from negative to positive at © = &. In this case, it suffices that E [R(0)|2] = 0, and that E[R(0)|z]
has the single-crossing property, turning from negative to positive at © = £. When the policy takes
the form in (A.19) and (A.20), the above last two properties hold if s (6) is non-decreasing in 6 and

satisfies

aBC(0)

E[s(0)| 4] = E VI

x] . (A.23)
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To see this, use (A.10) and (A.12) to rewrite the first term in (A.22) as

<U—¢(U—1>> CO) (1O) " —do(0)) =

v—1

_ SO (40— 1) N(0) + 1) T (14 gN(9)) (’V“:O‘ 1) |
and note that this expression is increasing in N (for given #) and increasing in 6 (for given N).
Hence, when the second term in (A.22), which is equal to s (), is also non-decreasing in 6, R(0)
is non-decreasing in 0, implying that E[R(0)|z] is non-decreasing in z. Because Condition (A.23)
implies that E [R(6)|z] = 0, we then have that E [R(6)|z] > 0 for z > & and E[R(0)|x] < 0 for z < 2.
The simple policy of Lemma 2 clearly satisfies all the above conditions and hence implements the
efficient allocation. Q.E.D.

Proof of Lemma 3. The proof is in two parts. Part 1 characterizes the efficient precision of
information, 7**. Part 2 uses the characterization in part 1 to establish the claim in the lemma.

Part 1. Observe that, for any precision of private information 7%, irrespective of whether the
economy satisfies the parameter restrictions in Lemma 1, Conditions (A.8) and (A.9) imply that

ex-ante welfare can be expressed as

E W] =

(62N

- /9@ (1 + BN (e;ww)) lo (8; 7)Y ((w 1) N (6;7%) + 1) a0 (0) +
_ k:/GN(Q;ﬂ)dQ () —/GW (% =D& @) +1] T de20) - 2().

Using the envelope theorem, we then have that, no matter whether the parameter restriction in the

lemma hold, the efficient precision of private information 7** solves
E o 0) o8 v (v — 1) AN (0; 7™*)
1+ 8N*(0)  (v—1) ((w 1) N () + 1) or*
_kE [aN BTN vk |50 (0f - )& @) +1) (5 - ) ON ) dzé::*), (A.24)
where
N*(0) = N (6; ),
I5(0) = lo(6; =),
[H(0) = 1(6; 7),
71(0) =0 (1+ 587(0)) "I (0", (A.25)
5(6) =0 (1+55(0)) " 5(6)", (A.26)



and

¢ (6) =V (0) = (51(0) T 5°(0) + 35(0) (1 - 57())) "

Part 2. We show that, for the firms to acquire information of precision 7** (and then use it
efficiently), in addition to the conditions of Lemma 2 (specialized to ©* = 7**), s(f) must satisfy
Condition (8).

To see this, suppose that all firms other than 7 acquire information of precision 7%* and consider
firm ¢’s problem. Under the policy in the lemma, in each state 6, the price that maximizes firm ¢’s
profit coincides with the one that induces the efficient allocation for precision 7**, irrespective of
firm ¢’s choice of 7{. This price is equal to pj if the firm adopted the new technology and pj if the
firm retained the old technology, where pj(0) = p1(6; 7™*) and pj(6) = po(6; 7).

A~

Now let W*(0) = W (6; 7°*) and

P 0) = (308" @) + 350y~ (15 @)))

Dropping the state 6 from the argument of each function, as well as all the arguments of the transfer
rule, so as to ease the exposition, we have that firm ¢’s value function, for any choice 7 of its private
information, is equal to
I(r7) = sup ILi(s:7)),
¢:R—[0,1]
where

*

O (i) + 5 (1 - a(f:0)))

P*

i(e; ") = E[Fn(ay; o) + 7o (1 —n(mis6))] — E +

+E | Tin(rfio) + T3 (1= a(wfs9))| - kE [1(nf;6)] - T(f),

with n(n?¥;¢) = [¢(x)d®(z|f, 7¥) denoting the probability that firm ¢ adopts the new technology
when using the strategy ¢ : R — [0, 1], and T " and T o denoting the transfers received when gen-
erating (real) revenues # = (pg%)/P* and 7% = (p59)/P* under the new and the old technology,

respectively.
v—1

From (A.13), we have that Fr = C’*%gj; v for f=0,1. Substituting f;i into the above expression
for II;(s; 77) and using (A.7), (A.25), and (A.26), we have that

v—1

i(iwf) =E [c (0(1+85)) T (7 - Dtz + D]

*

((v% = Daalnfse) + 1) i | +

~ N

+E[a(nf5s) + T (1= alrt56))] - bE [(rE56)] — Z(n?).
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Accordingly, the marginal effect of a change in 7 on firm ¢’s objective is given by

mgg; ™) _g [é*i (@ (1 + 61(7*)@) - ((v“’ _qy 9nlmie) g)> Zng”l] +

Ty on?
W A On(m?; )
_ ()0_ * 1
5|5 (07 - 0a )|+
Tp —T5 \ on(nf;s) | o [On(afis)]  OZ(nf)
+E ( =~ ) 5 kE o7 ot (A.27)
where
on(my;<)
on?

is the marginal effect of varying 77 on the probability of adopting the new technology at 6, holding

the rule ¢ fixed.
v—1
, f=0,1, along with (A.25) and (A.26), we obtain that

Using again the fact that i} = C’*%g); v
R o . av;1 w1 mgy 2= ey 2L
7 — T — e <1+5N*) <7 vlllw v —loq’b v >

Therefore, using (A.7) and the structure of the proposed transfer policy, we have that
- A 1 .1 Loy =t pqp =L
T — Ty = s+ —=C"" (@ <1+BN*) ) (v -1V
U -_—
Substituting this expression in (A.27), we obtain that

Mer) - v opleth (o (1+pn)") T (e - P

on? v—1 on?
1 ~on(m¥;q) on(r¥;s) on(r¥;q) OZ(m¥)
_ IR N i RAYA hetdd SRRV i _ i
E|—= <('y 1)1 o >] +E |:S o kE o o

Now, recall that, when 77 = 7**, the optimal investment strategy is the efficient one, i.e., ¢ = n*
where n*(x) = n(x; ") is the efficient technology choice for a firm receiving signal x after acquiring
information of precision 7*.

Using the envelope theorem, we thus have that

dI; (") _OIL(RM ™) w Axl e . ON* p =l
dr® on? _U—lE CU(@(NFBN)) < _1)37rzl0 T
I i ON* ON* oN*|  oz(n?)
—E|= e i E — kE - J
B ((v o5 >] - [s o | T HE | o

where ON* /Om® is the marginal change in the measure of firms adopting the new technology that
obtains when one changes 7% at 7% = 7% holding n* fixed. Note that in writing the expression

above, we use the fact that, when ¢ = n*, n(n};¢) = N*, which implies that
on(mi*;n*) ON*

on® o

1
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For the proposed policy to induce efficiency in information acquisition, it must be that dIT;(7**)/ drf =

0. Given the derivations above, this requires that

ON*(0) -, ., o1
I lO (G)w v

W ((7 1) 15(0) p )] +
ON*(0) ON*(0)
() on® ]_kE[ on<

v

E

CH(0)+ (@ (1 + BN*(Q))Q) = (7% — 1) +

v—1

_ OZL(m™)

E
+ y one

(A.28)

where we reintroduced 6 in the arguments of the various functions.
Next, use the fact that the equilibrium wage satisfies

P+(9)

and (A.7) to note that
w*(9)
P(9)

£

= (@8 O +i50) (1- 8°0)) = b0 (07 -1 N (0) +1)".

~ 1—v

Hence, using the fact that C’*(G)% = C*(0)C*(0) + , along with Condition (A.9) (computed at 7*),

we have that

It follows that (A.28) is equivalent to

E [¢*(0) v (¥ - 1? ON* 59)
(1) (v ~1) N () +1) O
— \l5(0)"*° (7 =) N (0) + 1)6 (v¥ -1) a];:ra(ce) +
] a[o0] o

In part 1, we showed that 7#** is given by the solution to (A.24). Comparing (A.29) with (A.24),
we thus have that the policy in Lemma 3 induces the firms to acquire the efficient precision of private
information only if, in addition to s(f) being non-decreasing and satisfying Condition (7) in Lemma

2, it also satisfies the following condition

ON*(0) | | A o8 ON*(0)
s(0) == ]—E[C (9)<1+5N*(9)> 5 ]

which is equivalent to Condition (8) in the lemma. Q.E.D.

E
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S. 1 Richer Economies

Consider the following economy in which the firms’ managers are risk averse and set prices under
imperfect information about the underlying fundamentals. Consistently with the rest of the pertinent

literature, we assume that each manager is a member of a representative household whose utility

Crl—R ll—i—a
= — kN — — [ Z(x¥)di
U=1"% 1+e / (i )di,

where R > 0 is the coefficient of relative risk aversion in the consumption of the final good. This

function is given by

last assumption is meant to capture the existence of a rich set of financial instruments that make
the market complete in the sense of allowing the managers to fully insure against idiosyncratic
consumption risk. The latter property in turn isolates the frictions (and associated inefficiencies)
that originate in the endogenous dispersion of information at the time technology choices are made
from the more familiar inefficiencies that originate in the lack of insurance possibilities.

As in the baseline model, each agent provides the same amount of labor (i.e., I[; = [ for all i),
which is a consequence of the assumption that labor is homogenous and exchanged in a competitive
market. Being a member of the representative household, each manager maximizes her firm’s market
valuation taking into account that the profits the firm generates will be used for the purchase of the

final good. This means that each manager maximizes

v — W
E R [ Pi¥i i
()

xi,ﬂ'f] — kn; — Z(wf),

)

where C~% is the representative household’s marginal utility of consumption of the final good.

The representative household is endowed with an amount M of money provided by the government
as a function of 6 before the markets open. The household faces a “cash-in-advance” constraint
according to which the maximal expenditure on the purchase of the final good cannot exceed M,
that is

PY < M.

The representative household collects profits from all firms and wages from all workers and uses
them to repay M to the government at the end of the period. The benevolent planner maximizes
the ex-ante utility of the representative household, which is given by

C1-R [i+e

— kN —

—F —
w 1-R 14¢

Z(7®),

by means of a monetary rule M(-) and a transfer rule 7'(-), subject to the constraint that the tax
deficit be non-positive in each state.

The timing of events is the same as in the baseline model, with the exception that prices are set
under dispersed information about 6 (that is, with each p; based on x; instead of #) and that the
supply of money is state-dependent and governed by the monetary rule M (-). This richer economy

is consistent with most of the assumptions typically in the pertinent literature.



S. 1 Efficient Allocation

The following proposition characterizes the efficient allocation in this richer economy.

Proposition S.1. (1) Let ¢ = #Ul_l) Suppose that v% > 1+ 5, ¥ < min{l,g(lvtal)}, and
0O<R<R withR=1- % For any precision of private information ©*, there erists

a threshold &(m™) such that efficiency requires that n (x;n®) = I(x > &(x™)). The threshold z(w"),
along with the functions N 0;7%), I (0;7*), and le(G;ﬂm), satisfy the following properties:

(1—R)(1+4¢)

PY(1—R 1+e+¢(R-1)
X

E w#(l%)—l) <@ (1 + BN (G;Wx)>a ((’y‘p — 1) N (0;7%) + 1)

€=

77 —1 af
- + =
o ((p = )N (Bm) +1)  1+BN (0:77)

X

N (8;7%) =1 - @ (&(x")|6;77),
- S : o\ TFEH (D)
lo(6; %) = p TFFoE-T) (@ (1 + BN (e;wx)) ) X

1+e—v(R+e)

x (v = 1) W (B 77) 1) I (g

and
11(0;7%) = 7%1y(0; 7, (S.2)

where © = exp(h).
(2) The efficient acquisition of private information is implicitly defined by the solution to

A © _ \J . Tk
E | (9 moyF (Alﬁ L (’yA 1) 3]\7(9,: )
L+ BN (@7) v =1 (e — )N (50 +1) ) 07
) X e ON (6; %) ON (0; ™) dZ(7™)
. xx\1+e © L Y _ __ N =
+E |lp(6; 7) [(’y 1) N (6;7 )+1} (0 =1 =53 KE p -

The restriction 0 < R < R guarantees that the marginal utility of consuming the final good does
not decrease “too quickly” with C. Along with the other restrictions in the proposition, which are
the same as in the baseline model, this property implies that the efficient investment strategy is
monotone. When, instead, R > R, a higher value of § may entail a low enough marginal utility of
consumption to induce the planner to ask some firms receiving a high signal to refrain from investing
in the new technology. As we clarify below, our key results extend to this case but the exposition is

less transparent.



S. 2 Equilibrium Allocation

Firms choose both their technology and the price for their intermediate goods under dispersed in-
formation about 6. Given these choices, they acquire labor [ to meet their demands, after observing
0 and the total investment N in the new technology. In this richer economy, the equilibrium price
of the final good and the demands for the intermediate products continue to be given by the same
conditions as in the main text. Likewise for the labor demands. Because labor is undifferentiated

and the labor market is competitive, the supply of labor is then given by
CR=,

where the right-hand side is the marginal disutility of labor, whereas the left-hand side is the marginal
utility of expanding the consumption of the final good by W/P units starting from a level of con-
sumption equal to C.

Market clearing in the labor market then requires that

%C_R = ( / lidi> )

Let p1 (z;7") and [ (x,0;7") denote the equilibrium price and labor demand, respectively, of
each firm that invests in the new technology. The corresponding functions for the firms that retain

the old technology are pg (z;7®) and g (z, 0; 7@).1

Definition S.1. Given the monetary rule M (-) and the transfer policy 7'(-), an equilibrium is a
precision 7* along with an investment strategy n(z;n") and a pair of price functions po(z;7*) and
p1(x; ™) such that, when each firm j # i chooses a precision of information equal to 7% and then
chooses its technology according to n(x;n") and sets its price according to po(z;7*) and py(z;7%),

each firm ¢ maximizes its market valuation by doing the same.
The following definition clarifies what it means that M(-) and T'(-) are optimal.

Definition S.2. The monetary rule M* (-) along with the transfer rule 7% (-) are optimal if they
implement the efficient acquisition and usage of information as an equilibrium. That is, if they
induce all firms to choose the efficient precision of information 7*, follow the efficient rule n(x; 7**)
to determine whether or not to upgrade their technology, and set prices according to rules po(z; 7**)
and p; (x; 7*) that, when followed by all firms, in each state 6, induce demands for the intermediate
products equal to go(0;7™*) and 1 (6; 7**) and result in firms employing labor according to the
efficient schedules Io(0; 7*) and i1 (6; 7**).

For any precision of private information 7% (possibly different from 7%*), let M (0; m) denote the

optimal monetary rule. Such a rule specifies the amount of money supplied to the representative

! As in the baseline model, the dependence of these functions on 7% reflects the fact that, in each state 6, the measure

of firms N adopting the new technology depends on the precision 7 of the firms’ information.



household in each state 6. It is designed so that, when all firms choose their technology according
to n(x; ) and set prices according to po(x;7*) and pp(z;7”), the resulting employment decisions
coincide with the efficient ones lo(6; 7%) and Iy (6; 7).

The following lemma characterizes the monetary policy M (6;7%).

Lemma S.1. Suppose that the precision of private information is exogenously fized at @ for all
firms. Any monetary policy M(0;7%) that, together with some transfer policy T(-), implements the
efficient use of information (for precision ©*) as an equilibrium is of the form

(I+e)(v—1)+R-1
(v—1)(1—R)

(9 77) = mio(6;7°) 77 (v = 1) N (6;77) + 1) :
where m is an arbitrary positive constant. The monetary rule M (0; ™) induces all firms with the

same technology to set the same price, irrespective of their information about 6.

As in other economies with nominal rigidities, the monetary policy M (0; 7*) implements the
efficient allocation by inducing firms to disregard their private information about the fundamentals
and set prices based only on the adopted technology. That prices do not respond to the firms’
information about 6 is necessary to avoid allocative distortions in the induced employment and
productions decisions. Relative prices must not vary with the firms’ signals about 6 when the
latter signals are imprecise. The monetary policy in Lemma S.1 is designed so that, even if firms
could condition their prices on 6, they would not find it optimal to do so. Under the proposed
rule, variations in employment and production decisions in response to changes in fundamentals are
sustained by adjusting the amount of money supplied to the realization of 8 in a way that replicates
the same allocations sustained when the supply of money is constant and prices are flexible.

Lemma S.1 in turn permits us to establish the following result:

Proposition S.2. Irrespective of whether the economy satisfies the conditions in Proposition S.1,

the transfer policy .

v—1

Ty (r) =

T,

and

A . T* 1

Ty (0,r) = 2PO0TT) 1

1+ BN(O;7ex)  v—1
along with the monetary policy

(1+e)(v—1)+R—1

- 1te - £)(v-1)-
M*(a) — ml0(9; ﬂx*)l_R ((750 _ 1) N (9; ﬂ_a:*) + 1) (v—1)(1—R)
are optimal (i.e., implement the efficient acquisition and usage of information as an equilibrium,).

The monetary policy in the proposition (which belongs to the family in Lemma S.1, specialized to
7w = %) neutralizes the effects of price rigidity by replicating the same allocations as under flexible

prices. When paired with the transfer policy in the proposition, it guarantees that, if firms were



constrained to acquire information of precision 7**, they would follow the efficient rule 7 (z; 7*)
to choose which technology to operate and then set prices po(x; ) and pi(x;7*) that induce the
efficient labor demands and hence the efficient production of the intermediate and final goods. This
is accomplished through a transfer policy that, in addition to offsetting firms’ market power with
a familiar revenue subsidy r/(v — 1), it realigns the private value of upgrading the technology with
the social value through an additional subsidy to the innovating firms that operates as a Pigouvian

correction. As in the baseline economy, the subsidy

C(0; m**
() = 2P
1+ BN(0;o*)
makes each firm internalize the marginal effect of the investment in the new technology on the
production of the final good, in each state . Once this realignment is established, the value that
firms assign to acquiring information coincides with its social counterpart, inducing all firms to

acquire the efficient amount of private information when expecting other firms to do the same.

S. 2 Proofs.

Proof of Proposition S.1. The proof is in two parts, each corresponding to the two claims in the
proposition.

Part (1). We drop 7* from all expressions to ease the notation. Let n(z) denote the probability
that a firm receiving signal = adopts the new technology, and {;(6) and ly(f) the amount of labor
employed by the firms adopting the new technology and by those retaining the old one, respectively.

The planner’s problem can be written as

N / CO 106y 1 / N(6)d2 (6) +
max e — —
n(2),l1(0)00(6) Jg 1 —R 0

- s [IONG) )0 - N 6) +

_/GQ(Q) <N () _/n(x)cb(xle)> d2(6)

where €2 (0) denotes the cumulative distribution function of § (with density w (6)), ® (2|f) the cumu-
lative distribution function of x given 6 (with density ¢ (z|f)), Q(#) the multiplier associated with
the constraint N () = [ n(z)d® (x|f), and

()= (31 ()7 NO) +30(8) 7 (1= N(©))"" (5:3)

with
y1 (6) =70 (1+ BN (6)) Li(6)", (S4)

and
yo (0) = © (1+ BN ()" lo(6)". (S:5)



Using (S.3) and (S.4), the first-order condition with respect to [1(#) can be written as

1

v—1

vC(O) " (41 (0)

SN +30(0) T (1= N©)) T (10 (14 BN (0))°) T h(0)* !

— (L(O)N(0) +1o(0)(1 = N(6)))" = 0.

Letting
L(0) =L(0)N(0) + 1o(0)(1 — N(0)),
and using (S.3) and (S.4), we have that the first order condition above reduces to

1—vR v—1

YC(O) > y1(0) = =1L(0)L(0) .

Following similar steps, the first order condition with respect to lp(6) yields

1—vR v—1

YC(O) > yo(0) > =1o(0)L(0)° .

Using (S.4) and (S.5), the ratio between (S.7) and (S.8) can be written as

o (LONYT 1(0)
T <lo(9)> = (0)°

which implies that
11(0) =%10(6).

(S.6)

(S.9)

Notice that (S.9) implies that, at the efficient allocation, the total labor demand, as defined in (S.6),

is equal to
L(0)=1o(0)[(v* —=1) N (6) + 1].

Using (S.4) and (S.5), we can also write aggregate consumption as

v

v— — v

T L(0)YT N(6) + lo(6)Y

C(0) =© (14N (0)" (
Using (S.9), we can rewrite the latter expression as
C(6) = O (1+ AN (8)" o(6)" (77 = )N (6) + 1)1

Next, use (S.9) and (S.11) to rewrite (S.8) as

1-vR 1-vR

YO (14BN (0)*) 7 1o(0) =" (42 = 1) N (0) + 1)1 x
X< (O (14BN (0)*)F OV =

which, using (S.10), we can express as

1—-vR

Y (O (L4 BN (0)™)' " 10(0)" P (4% = 1) N (6) + 1)1

- NE))T

(S.10)

(S.11)

=1(0)"" (¥ = )N () +1)°.



From the derivations above, we have that the efficient labor demands are given by

lo(8) = TR (@ (1+ BN (6))*) T (47 — 1) N (6) + )FDwrste | (S.12)
and by (S.9).
Note that [p(f) > 0 for all . Also note that the above conditions are both necessary and sufficient
given that the planner’s problem has a unique stationary point in (lg, ;) for each 6.
Next, consider the derivative of the planner’s problem with respect to N(6). Ignoring that N(0)

must be restricted to be in [0, 1], we have that

0(6) = C(6) "S5 — k= L0 (1(0) ~ 1a(8).

The derivative dC(6)/dN(6) is computed holding the functions {1 (6) and lo(#) fixed and varying the
proportion of firms investing into the new technology and the amounts that each firm produces for
given technology choice when N changes.

Lastly, consider the effect on welfare of changing n(x) from 0 to 1, which is equal to

Alz) = /9 Q(6) (2]0) w (6) db.

Using the fact that ¢ (z|0) w (0) = f (0|z) g (z), where f (0|x) is the conditional density of 6 given x

and g(z) is the marginal density of z, we have that
AW [ Q(0)f (012) db = EIQ() ).

Hence, efficiency requires that all managers receiving a signal = such that E[Q(6)|z] > 0 adopt the
new technology, whereas all those receiving a signal x such that E[Q(6)|z] < O retain the old one.
Next, use (S.3) to observe that

and (S.4) and (S.5) to observe that

y1(0) >SRN (0) + yo(0) ™+ SR (1 — N(9))

where the last equality uses again (S.3).



Finally, use (S.7) and (S.8) to observe that

1-vR

6O (10T = 10(0) ) = LO) (1(0) — 10(6))

We conclude that

af
1+ BN (0)

v—1

o) = (2= ) e [1n0)' - )] + co) "

— k.

Using (S.4), (S.5), (S.9), and (S.11), after some manipulations, we have that

CO) =" (O —w(®)F) =
— (P =N () + 1)1 (O (148N (0)) Flp(0) " (2 —1). (S.13)

Using (S.11), we also have that

v(l1—R

CO R = (47 = )N (0)+ 1) (O(1+ BN (6)*)' 1p(0)1 7).

It follows that

Q) =((*—-1)N(0)+ 1)% (O (14 8N ())*) R 1o(0)* R x

77 -1 ap
) («p[(w—l)N(G)Jrl] " 1+BN(9)> -k

Next, recall that the optimal labor demand for the firms retaining the old technology is given by
(S.12). Replacing the expression for lp(#) into that for Q(6), we obtain that

v(1-R) (A-R)(1+e) (1-R)(1+¢) a(1—R)(1+4¢)

Q(G) = 1) He+9(R-1) @ TH+e+v(R-1) ((7‘9 — 1) N(G) + 1)m*1 (1 + 5N(9))W(R—1) X

-1 af((¥ — 1) N(0) + 1)
X( e T 11 ANO) )‘k'

Note that, when the parameters satisfy the conditions in the proposition, @Q is increasing in both N
(for given ) and in @ (for given N). That, for any 6, Q(#) is increasing in N implies that welfare is
convex in N under the first best, i.e., when 6 is observable by the planner at the time the investment
decisions are made. In turn, such a property implies that the first-best choice of N is either N = 0
or N =1, for all §. This observation, along with the fact that Q(f) is increasing in 6 for any N
then implies that the first-best level of N is increasing in . These properties in turn suggest that

the optimal investment policy is monotone. For any &, then let
N(f|z) =1 — ®(2]9)

denote the measure of firms investing in the new technology at # when firms follow the monotone

rule n(z) = I(x > ). Then let



Y(A—R) (1-R)(1+e) (A—=R)(1+e) _ a(l—-R)(1+e)

Q(6)3) = ¢ T ERTD @TrereA1) (49 — 1) N(6]2) + 1)W (1+ BN(6]2)) FeHotr=D x

¥ -1 aB (7 1) N@l#) +1)
X( . T 14 aNER) )‘k

denote the function Q(#) characterized above, specialized to N () = N(6|2).
Observe that, under the parameters’ restrictions in the proposition, E[Q(6|2)|#] is continuous and
strictly increasing in , and is such that

lim E[Q(|2)[|2] <0< lim E[Q(0]Z)|Z].

T——00 T——+o00

Hence, the equation E[Q(6|%)|#] = 0 admits exactly one solution. Letting 4 denote the solution to
this equation, we then have that E[Q(f]2)|z] < 0 for x < #, and E[Q(|%)|x] > 0 for z > &. We
conclude that, under the assumptions in the proposition, there exists a threshold Z(7") such that
the investment strategy 7 (z;7%) = I(z > &(n*)) along with the employment strategies I1(6; 7*)
and [0(0; ) in the proposition satisfy all the first-order conditions of the planner’s problem. The
threshold z(7") solves

(1—R)(1+¢) a(1—R)(1+¢)

~ e — 1 A TreTa (BT}
— )N (8577 + 1) T (14 B (g7) ) T

P (1—R) (1—R)(1+4¢)
E 1/]1+E+1ZJ(R—1)C—)1+5+1/)(R—1) (( ®

0 _ le% Y
(o, B (7 = 1) N (677 + 1) I
2 1+5N(0 )

with N (0;7%) = 1 — ®(&(x")|0; 7%).

Finally note that, irrespective of whether the parameters satisfy the conditions in the proposition
(recall that these conditions guarantee that 7 (z;7") is monotone), any solution to the planner’s
problem must be such that the functions lo(6; 7%) and I1(6; 7*) satisfy Conditions (S.1) and (S.2) in
the proposition and 7 (z; 7%) = I(E[Q(0; 7%)|x, 7] > 0), where

(1-R)(1+¢) a(l-R)(1+e)

~ $(1-R) (1-R)(1+e) ~ A rare—y 1 ~
Q(@;?Tx) = w1+€+lw(R—1) @liaw(}tl) <<,ygo _ 1) N(Q, ﬂx) 4 1) p(1+e+y(R—-1)) (1 T ,BN(@, ﬂx)) 1+e+p(R-1) %

vo—1 aB((F =N +1)
% - 1+ﬁN(0;7r‘”)

—k

with N (0;7%) = [, i (z;7%) d® (|0, 7%).

Part (2). For any precision of private information 7%, use Conditions (S.10) and (S.11) in Part (1)

10



to write ex-ante welfare as

EW[r*] =

R a(l—-R) . N Y (1-R
=g [ (R @)l 0 0 (0 - ) )+ 1) T a0+
1-RJ,
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Using the envelope theorem, we have that the marginal effect of a variation in the precision of private

information on welfare is given by

dE W]
dm® N
_E |01 b n v(y?—1) ON (0;7")
o) L+ BN (6;7%) (v —1) (('y‘%’ — 1) N (6;7%) + 1) O
ON (0; 7* . . e ON (0; 7* dZ(m,
4 | PO | g iy (0714 (7 - ) 8 @) +1) " (g0 -1y 2B ),

The result in part 2 then follows from the fact that, at the optimum, the above derivative must be

equal to zero. Q.E.D.

Proof of Lemma S.1. We drop 7* from all formulas to ease the notation. Using (S.7) and (S.8),

we have that
1—-vR v—1

L(O)L () =¢CB) > n(d) ™~ ,

lo(0)L ()" =vC(0) > Go(6) v .

The Dixit and Stiglitz demand system implies that y; = C (P/p;)". Hence, the prices set by any two

firms adopting the same technology coincide, so that they are independent of the signal x. Let p; be
the (state-invariant) price set by the firms investing in the new technology and pg that set by firms
retaining the old technology. Let ]5((9) denote the price of the final good when all firms follow the

efficient policies. Efficiency requires that such prices satisfy

LOLOF =vCO) " (PO) /o), (5.14)
o)L 0)° = v00) " (P(©) /o). (5.15)
from which we obtain that )
po _ (L@
h1 lo(0) ’

which, using (S.9), implies that

11



The price of the final good is then equal to

1

PO) = ((F =N ®)+1) " po. (.16)
Combining the cash-in-advance constraint M = PC with (S.15), we then have that
lo(0)L (0)° = M (0)' P (0)" "2 py

and therefore
v+R—2

(O)L(0)" = whI(O) R (2 =N @) +1) " 5

where we also used (S.16). Finally, using Condition (S.10), we obtain that

X 1. X (te)(v—1)+R-1
MO = @) (G- N @) +1) T A
It is immediate to verify that the same conclusion can be obtained starting from (S.14). Because

ﬁ(l)_R can be taken to be arbitrary, the result in the lemma obtains by setting m!' % = %ﬁé_R. Q.E.D.

Proof of Proposition S.2. The proof is in two steps and establishes a more general result
than the one in the proposition. Step 1 fixes the precision of information and identifies a condition
on the transfer policy T'(-) that guarantees that, when T'(-) is paired with the monetary policy of
Lemma S.1, and the economy satisfies the parameters’ restrictions of Proposition S.1, firms have
incentives to use information efficiently when the latter is exogenous. Step 2 identifies an additional
restriction on the transfer policy that, when combined with the condition in Step 1, guarantees that,
when the economy satisfies the parameters’ restrictions of Proposition S.1, agents have also incentives
to acquire information efficiently. The arguments in Steps 1 and 2 also allow us to establish that,
irrespective of whether or not the economy satisfies the parameters’ restrictions of Proposition S.1,
when M (-) and T'(-) are the specific policies of Proposition S.2, any firm that expects all other firms
to acquire and use information efficiently has incentives to do the same.

Step 1. We fix the precision of information 7% and drop it to ease the notation. We also drop 6
from the arguments of the various functions when this is no risk of confusion.

Consider first the pricing decision of a firm that adopts the new technology. The firm sets p; to

—wi
E [C‘R (p”“l +T) (m))

maximize

P
where r1 = p1y1 /P, taking C, W, and P as given, and accounting for the fact that the demand for

y=C <P>U (S.18)

b1
and that the amount of labor that it will need to procure is given by

x} : (S.17)

its product is given by

)
YO (1+BN)*)
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The first-order condition for the maximization of (S.17) with respect to p; is given by

_ 1, Wdly | 1.dTy (r1) d(payr)
ElCE((1-v)CP" 'p" — —— + — = 0. S.19
I: (( U) Py P dpl P dr dpl T ( )
Using the fact that
dll v ll
L= S.20
dpy Y1 (5.20)
d (p1y1) _
=(1- Ppy"
dpl ( U) C pl ?
and (S.18), we have that (S.19) can be rewritten as
_ W ll dT1 (7“1) (1—1]) Y1
Elcf(a-vnZ+ 222 = 0.
[C’ <( U)P+P¢p1+ I Iz x| =0
Multiplying all the addenda by p; /v, we have that
l—v __pyip1 1 __pgW 1—v _pdTi(r1) y1p1
E RZ2 4 0B = 0. 21
[UC P+¢C Pl+’UC 0 |7 0 (S.21)

Suppose that all other firms follow policies that induce the efficient allocations (meaning that they
follow the rule 72(x) to determine which technology to use and then set prices pp and p; that depend
only on the technology they adopted but not on the signal z, as in the proof of Lemma S.1).
Hereafter, we add “hats” to all relevant variables to highlight that these are computed under the
efficient policies.

Observe that market clearing in the labor market requires that

CE_ =I¢, (S.22)

and recall that, as established in the Proof of Proposition S.1,
L=Iy|(v$ —1)N+1].

Also consider that efficiency requires that

1-vR v—1

—pC v gy

+ ﬁeil =0.

Accordingly, using Condition (S.21), we have that, each firm adopting the new technology finds it
optimal to set the price p; only if

™

E 1 —’Ué_Rglﬁl +CA'1_UURQ1UT_1 + 1 —UC_RdTI (f'l)
v )2 v dr

m] —0, (S.23)

-

where 71 = 1513)1/?. Using again (S.18), we have that ¢, * = CA’_%%, which allows us to rewrite

Condition (S.23) as
x} =0,

: 71

B 1- UC&RQlﬁl N CHR?jlﬁl n 1— UcﬁfRdTl (71)
v P P v dr
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or, equivalently,

B [O—ngh (1 L 1-vdh (ﬁ))‘x] _o.
P ) v dr

It follows that, when dT} (71) /dr = 1/(v—1), the firm’s first-order condition is satisfied. Furthermore,
one can verify that, under the proposed transfer rule, the firm’s payoff is quasi-concave in p;, which
implies that setting a price p; = p; is indeed optimal for the firm. To see that the firm’s payoff is
quasi-concave in p; note that, when all other firms follow the efficient policies and

T 1
Tl(r)zv—l—l_szv—l(plgl)—FS’

where s may depend on € but is invariant in r, the firm’s objective (S.17) is equal to

cF (Upliyl — I;/h + s(9)> a:] .

v—1 p
Using (S.18) and (S.20), we have that the first derivative of the firm’s objective with respect to p; is

E

whereas the second derivative is

E

cr Uzy}_v?v(m)h
P1 P Py \¥ P1

From the analysis above, we have that, when p; = p1, y1 = 91 and [} = [1 in each state 0. Fur-

thermore, no matter x, the derivative of the firm’s payoff with respect to pi, evaluated at p; = p1,

CF —vg—} + Zﬂl:—l
P PYm

Using (S.24), we then have that the second derivative of the firm’s payoff with respect to p;, evaluated

is

E

x] =0. (S.24)

at p1 = p1, is negative. Because the firm’s objective function has a unique stationary point at p; = p1,
we conclude that the firm’s payoff is quasi-concave in p;. Applying similar arguments to the firms
retaining the old technology, we have that a transfer policy that pays each firm retaining the old
technology a transfer equal to To(r) = /(v — 1) induces these firms to set the price pg irrespective
of the signal z.

Next, consider the firms’ technology choice. Hereafter, we reintroduce 6 in the notation. When

To(r) = r (S.25)

and

T, (S.26)

14



no matter the shape of the function s(6), each firm anticipates that, by innovating, it will set a price
p1, hire 21(0), and produce g1 () in each state 6, whereas, by retaining the old technology, it will set
a price Py, hire [0(0), and produce go(6). Let

'MmzéerQum—%@—iqg(M®—%@)+nW¢wm—ﬂmwa—m

where 71(0) and 74(0) are the firm’s (real) revenues when the firm follows the efficient policies, after
adopting the new technology and retaining the old one, respectively. Each firm receiving signal x

finds it optimal to adopt the new technology if
E@@Mza

and retain the old technology if the above inequality is reversed.
Recall from (S.18) that the Dixit and Stiglitz demand system implies that p; = PO)C (9)% yjf(Q)_%,
so that 7f () = C ((9)% g)f(ﬁ)%1 for f = 0,1. Also recall that market clearing in the labor market

implies that

=

0

A -R _ 7 €
P@C@ — L(o)°.

Hence, R(#) can be rewritten as

A 1-—vR

R(O) = C(0) =" (1(0) — o(0) ") = L(0)" (L(6) — lo(0)) +
+C(0) " (T4 (0,71(60)) = To (70(0))) — k.

Using the fact that the efficient allocation satisfies the following two conditions (see the proof of

Proposition S.1)

and
1—-vR v—1 ~

$CO)  Go(0) =1Io(0)L(0)°,

we have that R(6) can be further simplified as follows:

~ 1-vR

R(O) = (1-v)C(H)

v—1 v—1

(32(0F" = 06)

Next, use (S.18) to note that

f=0,1. It follows that

T, (6,71(6)) — To (7o(6)) = 5(6) + ——C O)F (32(6)"T — o(®)"")
Accordingly, R(#) can be written as
R(o) = (S 00 () - ®)F) +CO s -k (s20)



Recall from the proof of Proposition S.1 that efficiency requires that each firm adopts the new
technology if E [Q(Q)|:L’:| > (0 and retains the old one if E [QA(H)‘SL'} < 0, where Q(f) is given by

() L —
1+ N (0)

Q(Q)E<v—¢(v—l)> 1R

o1 )0 [@1(9)%—@0(9) z }+

Hence, we conclude that the proposed policy induces all firms to follow the efficient technology
adoption rule n(z) if E {7@(9)]&;} > 0 whenever E[Q(0)]z] > 0, and E {7@(0)@} < 0 whenever
E[Q(0)|z] < 0.

As shown in the proof of Proposition S.1 (see Equations (S.13) and (S.12), respectively),

A 1—-vR

CO) =" (n(0) = o(0)) =

and

1+e—v(R+e)

o\ —1=R___ X | lbe—u(Rte)
ZO(Q) = qu (@ (1 + BN (0)) ) T+et¢(R-1) ((’YW _ 1) N (9) I 1) (o—1)(1Fe+9(R—1)) .

Using the last two expressions, the first addendum in (S.27) can be rewritten as

(L= DY 00 (500 - 000 =

v—1
$(1-R) (1-R)(1+e) (-R)(1+e) 4 a(1-R)(1+e) (w — 1>

= ) e+ (R-1) @ T+e+4(R-1) ((7‘%’ — 1) N(Q) + 1)m* (1 + 5]\7(9))%
¥

When the economy satisfies the conditions in Proposition S.1, the above expression is increasing in N
(for given 6) and in 6 (for given N). In this case, when the second addendum C (8) % s (6) in (S.27)
is non-decreasing in €, then 7@(9) is non-decreasing in €, implying that E |:7%,(¢9”I] is non-decreasing
in z. As in the baseline model, we thus have that, when the economy satisfies the parameters’
restrictions in Proposition S.1, a subsidy s(6) to the innovating firms satisfying conditions (a) and
(b) below guarantees that firms find it optimal to follow the efficient rule n(x):

(a) C (§) " s (#) non-decreasing in 6;

(b)
A g)1-R
i| =E apCO) —~
1+ BN (0)
The analysis above also reveals that, when the transfer policy takes the form in (S.25) and (S.26)
with

E|C0) s (6)

C(o
s(0) = 2290
1+ BN (0)
for all #, and the monetary policy takes the form in Lemma S.1, then irrespective of whether or

not the economy satisfies the conditions in Proposition S.1, each firm expecting all other firms to

16



follow the efficient technology rule 7n(z), and setting prices according to po and p; (thus inducing the

efficient employment decisions), finds it optimal to do the same.

Step 2. We now show that, when the economy satisfies the conditions in Proposition S.1, for the
transfer policy in (S.25) and (S.26) to implement the efficient acquisition and usage of information
when paired with the monetary policy

e (14+e)(v—1)+R—1

M*(8) = mlo (0;7) 7 (77~ 1) N (B;77) +1) 700

the subsidy s(#) to the innovating firms, in addition to properties (a) and (b) in Step 1, must also
be such that

E |C(0; ) T s(6)

on*

ON (6; %)
GRIT )| _ g ‘
] 1+ BN (6; 7*) O

Cﬁ(e;ﬂ_m*)lfR < O‘B ) 6N (0771—96*)] .

To see this, suppose that all firms other than ¢ acquire information of precision 7** and follow the
efficient technology and pricing rules. Consider firm i’s problem. As shown above, irrespective of the
information acquired by the firm, under the proposed transfer and monetary rules, the firm finds it
optimal to set a price equal to pj after adopting the new technology and equal to pf after retaining
the old one, where p] and p; are given by the values of p; and po, respectively, when the precision

of private information is w%*.

Let
N*(0) = N (6;7™),
i3(0) = Io(6;77),
7 (0) = 1 (6;77),
5(0) =10 (1+88°(0)) 110",
55(0) = © (1+ BN7(0)) " 15(0)",
00 = V*(0) = (5(0) 75 0) + 350) (1 - 50)))
W*(0) = W(0; 7*)
and )

P (0) = (1N (0) + 557 (1 - N (0))

Dropping the state 6 from the argument of each function, as well as all the arguments of the transfer

rule, so as to ease the exposition, we have that firm i’s market valuation (i.e., its payoff) is equal to

IL(f) = sup IL(s7)),
¢:R—[0,1]
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where

(s ) = B |CF (7ia(rfss) + 75 (1 - alx35))]

~E|C* A—(Ai‘ﬁ(ﬂé-’“";c)ﬂo(l—n(ﬂ c)))]

+E |G (Tia(rdso) + Tg (1= ilrf56) ) | = ME[a(rEs6)] - Z(n7),

with 2(7?;¢) = [ ¢(x)d®(z|0,7F) denoting the probability that firm ¢ adopts the new technology

when using the strategy ¢ : R — [0, 1], and Tl* and Tg denoting the transfers received when generating

(real) revenues 77 = piy;/ P* and fo = Py Q(’j / P* under the new and the old technology, respectively.

Using (S.18), we have that Fr = C’*vyf v for f =0,1. Hence,

v *L_l *U_l
(¢ mf) = [0*1 * (.@1 voa(riie) + iy (1—ﬁ(ﬁf;<)))]

Using

and

we have that

i) =& [0 (0 (14 85)) ™ (07 - Dt + 05T |+

E O R (Ti(f:e) +T5 (1 - alef:9)) | — KE[a(rf:s)] — L),

Accordingly, the marginal effect of a change in 7 on firm 7’s objective is given by
OlIl;(¢; m¥) Ay l=vR S\ S on(mf;¢) | mpe=t
’(’:E[C : (@(1+BN)> (7@—1)87;) FSaE [

on?
p g W 8n(7r ;<)
—E|CEB_ )l

+

)

(S.28)

(S.29)

(S.30)

E|é*R Ty jTo on(ry’;<) _E on(mi;s)|  OL(
P+ 87T2-I 87‘(1?” 871-29,5
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where
on(r’;<)
on?
is the marginal effect of varying 7" on the probability that the firm adopts the new technology at 0,
holding fixed the rule .

Next, recall again that, for f =0,1,

Using (S.28) and (S.29), we have that

~ v— ~ O:UZI v—1 rxqh ¥ ran)y =1
77y = e (14 887 <’y E A e >

Therefore, using (S.30) and the structure of the proposed transfer policy, we have that

v—1

ok ] 1 Ak L G\ & Uzl )
Tl—T0:s+—10u(@(1+ﬁN)) (v -1V
U_

Substituting this expression in (S.31), we obtain that

Phem) - g (e (o (1+687)) T (- U

871';-]3 v — 87‘(?
on(my’; <) LE Cﬁ*—Rsaﬁ(%’ )] LE on(ri;q)] 81(7%).
on¥ 0

X wi ui
: U on? on?

Ak — W* 7%
~E|C RA<(7@—1)JO

P*

Next recall that, when ¥ = 7%*, the optimal investment strategy is the efficient one, i.e., ¢ = n*,
where 1*(x) = n(xz; ") is the efficient technology choice for a firm receiving signal x after acquiring

information of precision 7%*. Using the envelope theorem, we thus have that

dily(z™) Ol (R*;7™) v ) ~ O o ON* ~tap U1
dn? on? v — 1]E o (6 (1 +AN ) ) " =1) on® o +
e g W* ., ON* pp ON* ON*|  9L(n%)
_ *—RY Y * *—R o . 7
E|C P ((’y 1)1 87r~”3> +E |C" s ﬁwx] kE [8779” ot

where ON* /Om® is the marginal change in the measure of firms adopting the new technology that
obtains when one changes 7* at 7% = 7%*, holding the strategy n* fixed. Note that in writing the

expression above, we use the fact that, when ¢ = n*, n(n7;¢) = N*, which implies that

on(r¥*;a*)  ON*

1 0 _

on® - onT’

(2

For the transfer rule to induce efficiency in information acquisition (when paired with the monetary

rule in the proposition), it must be that dIl;(7**)/dn? = 0. Given the derivations above, this requires
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that

Next, use (S.22) and (S.30) to note that

A

CAr*fR

= (ifN* +15 (1 — N*))E = Iy ((7“’ —1)N* + 1)5.

*
*

1—vR

~ ~ A 1=w
Hence, using the fact that C* v = C*!=EC* ” | along with the fact that, as shown in the proof
of Proposition S.1,

(620N

=0 (1+5N*) iz ((w—l)N*H)ﬁ,

we have that .

ot = (o (1eav) ) B iy

It follows that (S.32) is equivalent to

v(y¥—1) Cr1-R ON*

. (v—1) ((w . 1)N*+1) o

_ Pkl4-e 0 _ T ¢ e 8N*
E|i ((7 )N +1) (P =1) 5 |+
rw_r ON* ON*|  OT(n™)
E [C*F — kE — (s,
+E [C" s 67r$] k e p (S.33)
Recall that the efficient precision of private information 7#%* solves
E | e-r ozBA N v(v?—1) ON*
14+ BN*  (y—1) ((w—1)N*+1) o
e o e ey ONT [ ONT | dZ(n)
+E (P =N +1) (07 =) 52| —kE |52 T (S.34)

Comparing (S.33) with (S.34), we thus have that, for the rule T' to implement the efficient acquisition
and usage of information (when paired with the monetary rule in the proposition, which, by virtue
of Lemma S.1, is the only monetary rule that can induce efficiency in both information usage and

information acquisition), the subsidy s to the innovating firms must satisfy the following condition

E C’(a;wf*)—Rs(g)W] ) é(g;ﬂ_m*)l—R< af ) ON (6; wx*)] 7

O 1+ BN (0; wo*) o
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where we reintroduced the arguments of all functions.
Finally, note that, independently of whether the economy satisfies the conditions in Proposition S.1,

when the subsidy to the innovating firms is equal to
C(6: v
s(0) = 20T
1+ BN(0; =*)

in each state, then, as shown in Step 1, the private value R that each firm assigns to adopting the
new technology coincides with the social value Q in each state, implying that the firm finds it optimal
to acquire the efficient amount of private information and then uses it efficiently when expecting all

other firms to do the same. This establishes the claim in the proposition S.2. Q.E.D.
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