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The last few decades have featured exceptional technological progress, as evidenced for example by strik-

ing increases in computer processing power (see, e.g., Roser and Ritchie 2013), data availability (see, e.g.,

Durant 2020), and patented innovation (see, e.g., Kelly et al. 2021). Standard economic theories have high-

lighted the importance of technological progress that boosts firms’ productivity in generating long-term

economic growth. Yet, in light of the observed technological progress, global economic growth has surpris-

ingly slowed down in recent decades.1 Some have attributed this phenomenon, sometimes referred to as

the “productivity paradox” or the “Solow paradox”, to productivity mismeasurements, to lags in technology

adoption, or even to information technologies and social media distracting workers (see, e.g., Brynjolfsson,

Benzell, and Rock 2020).

Omitted from the discussion, however, is the impact of technological progress on rent-seeking behav-

iors in the economy. A large variety of prevalent economic activities can fit into a broad definition of

“rent seeking”, including imitating competing firms’ innovations, suing wealthy defendants, lobbying or

bribing government officials, taking advantage of financial counterparties’ liquidity needs, and increasing

the markups charged to unsophisticated customers. While all these activities might, at first, appear to be

disparate in light of their different institutional settings, they all share the same objective of appropriating

others’ wealth without creating much benefit for society as a whole. Transferring wealth or economic sur-

plus across agents is not by itself socially costly, but as pointed out by Tullock (1967, 1980), investing scarce

resources in activities aimed at influencing these transfers is “a negative-sum game” when these resources

could have been invested in more socially productive activities. Given the wide array of activities that fit

this description, we study how rent-seeking opportunities influence the relationship between technological

progress and economic output through a stylized, yet flexible model that captures the surplus-appropriation

objective common to all of these activities.

Specifically, we model firms’ privately optimal allocation of resources between surplus-creating (i.e.,

productive) and surplus-appropriating (i.e., rent-seeking) activities. Our model’s central prediction is that

firms respond to industry-wide technological progress by disproportionately reallocating resources towards

surplus-appropriating activities, thereby mitigating the positive impact of technological progress on eco-

nomic output that has been the focus of the literature so far. While this prediction might appear trivial for

1See global economic growth statistics compiled by the World Bank at: https://data.worldbank.org/indicator/NY.GDP.MKTP.KD.ZG.
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innovations that mainly facilitate surplus appropriation, it holds in our environment even for innovations re-

sulting in productivity gains that are far larger for surplus-creating activities than for surplus-appropriating

activities. In fact, as long as a technological innovation ameliorates to some extent firms’ ability to appro-

priate their rivals’ surplus, firms respond to it by shifting a larger share of their resources towards surplus

appropriation.

This stark prediction originates from two insights related to how technological progress affects firms’

profits. First, industry-wide improvements in technologies used to appropriate other firms’ surplus amplify

the payoff of investing in surplus-appropriating activities and reduce the payoff of investing in surplus-

creating activities, since rivals are more successful in their surplus-appropriating efforts. Second, and more

surprisingly, industry-wide improvements in technologies used to create surplus amplify the payoffs of

both activities in lockstep, since efforts to appropriate other firms’ surplus become more profitable when

these other firms have more surplus to appropriate. Altogether, these insights imply that industry-wide

technological innovations that improve firms’ abilities to create as well as to appropriate economic surplus,

albeit to possibly different extents, disproportionately incentivize firms to appropriate their rivals’ surplus

instead of creating additional surplus. As technology keeps improving, the economy gradually moves from a

productive economy to a rent-seeking economy, thereby weakening the link between technological progress

and economic progress.

The disproportionate allocation of resources to non-productive activities may also raise the price of

resources above what it would be in a benchmark economy without rent seeking. Thus, the negative pres-

sure of technological advancements on the economy does not only manifest itself in a higher share of the

economy’s resources being inefficiently allocated to surplus-appropriating activities, but also in a higher

price paid for the resources needed to perform these activities, which often happen to be the same kind of

resources that are used to create social surplus (e.g., human capital).

We first illustrate these general economic insights using a transparent, yet flexible model. We then

identify the properties that are required to deliver those same predictions in a more general environment.

Finally, we apply our insights to the financial sector, which has been argued to combine surplus creating

and appropriating activities (see, e.g., Hirshleifer 1971, Baumol 1990, Murphy, Shleifer, and Vishny 1991,

French 2008, Greenwood and Scharfstein 2013, Zingales 2015). Specifically, we extend our baseline model
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to accommodate a high-frequency trading context, which features trading firms that allocate resources be-

tween market-making and predatory-trading activities. Applying our conceptual insights to high-frequency

trading is motivated by the many experts who have argued that the sector exhibits socially excessive in-

vestments (see, e.g., Schwartz and Wu 2013, Biais, Foucault, and Moinas 2015, Budish, Cramton, and

Shim 2015, Pagnotta and Philippon 2018) and that its rising economic importance has mostly been driven

by recent developments in processing, communication, and information technologies (see, e.g., Goldstein,

Kumar, and Graves 2014, Lewis 2014, MacKenzie 2021). This application highlights how many character-

istics of the financial sector, such as financial intermediaries’ market power, their ability to match clients’

trades internally, and their price impact in interdealer markets, among others, contribute to our paper’s main

prediction that industry-wide technological progress generically leads to resources being disproportionately

allocated towards surplus-appropriating activities, such as electronic front-running.

Literature review. Our paper contributes to the large literature connecting technological progress and eco-

nomic growth. In the celebrated model of Solow (1957), long-term economic growth is driven along the

balance-growth path by the growth rate of productivity, which is purely determined by technological im-

provements.2 Our work incorporates firms’ choice to allocate resources to rent-seeking activities and shows

that the sensitivity of economic growth to technological progress weakens over time due to the endogenously

increasing prevalence of those activities. In this sense, rent seeking should be added to the forces commonly

identified in the literature (see, e.g., Barro 1999) as being part of the Solow residual, such as spillovers,

increasing returns, taxes, and various types of factor inputs. Further, we should expect this “rent-seeking

residual” to increase with technological progress and to become more significant over time.

The seminal paper by Murphy, Shleifer, and Vishny (1991) studies workers’ occupational choice be-

tween productive and rent-seeking sectors, and emphasizes how this choice depends on the returns to ability

and to scale in the two occupations. When the returns from rent seeking increase in the intensity of rent-

seeking efforts, multiple equilibria might exist and workers’ occupational choices may lead to lower growth,

a channel that is further highlighted in Murphy, Shleifer, and Vishny (1993). While these papers already

make the case that rent seeking slows down economic progress through workers’ occupational choices, we

study firms’ decision to allocate resources at an intensive margin, not present in models of occupational
2In contrast to Solow (1957), Crouzet et al. (2022) show that the transmission of ideas (i.e., the degree of non-rivalry) non-

monotonically affects firms’ incentives to innovate and compete, which determine long-run economic growth.
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choices: all agents in our model (i.e., firms) can simultaneously create surplus and appropriate others’ sur-

plus. Hence, we are able to apply our insights to several decisions besides choosing one’s own occupation.

Moreover, unlike in those papers, our analysis investigates the impact of concurrent productivity improve-

ments in both types of activities: surplus creation and appropriation. These differences make our setting

particularly amenable to being applied to broad sectors and to general-purpose innovations.

Another related literature studies the optimal taxation of income generated by economic activities that

introduce negative externalities, like rent seeking in our model. Lockwood, Nathanson, and Weyl (2017)

measure the negative externalities of several sectors, and conclude that rent-seeking behaviors are particu-

larly prominent in the financial and legal sectors. Their evidence is cited by Rothschild and Scheuer (2016)

to justify adjusting taxation schemes to account for rent-seeking externalities and thereby reduce the ineffi-

cient allocation of talent (see also Scheuer and Slemrod 2021, for a discussion specifically focused on the

role played by a wealth tax). In an environment with heterogenous beliefs, Dávila (2023) studies the optimal

taxation of transactions that may or may not improve the efficient allocation of financial assets. Our analy-

sis highlights that technological progress amplifies the prevalence of rent seeking in the economy, thereby

emphasizing the increasing importance of designing policies that curb the inefficient allocation of talent and

other scarce resources towards surplus-appropriating activities.

By applying our general insights in a high-frequency trading context, we contribute to a better under-

standing of the financial sector’s resource allocation and its social efficiency, as urged in Zingales’ (2015)

Presidential Address to the American Finance Association. Philippon (2010), Glode, Green, and Lowery

(2012), Fishman and Parker (2015), Glode and Lowery (2016), Farboodi et al. (2019), Biais and Landier

(2020), and Berk and van Binsbergen (2022) all study models in which resources are invested in financial

activities that do not benefit society. Closer to our application, Biais, Foucault, and Moinas (2015), Budish,

Cramton, and Shim (2015), Foucault, Kozhan, and Tham (2017), Menkveld and Zoican (2017), and Pag-

notta and Philippon (2018) highlight traders’ various incentives to make speed-enhancing investments that

promote surplus appropriation. We contribute to this literature by showing how the scale and compensation

associated with various trading activities respond, in equilibrium, to waves of technological innovation.

Our analysis of the equilibrium price of resources also relates our paper to the literature on the com-

pensation of superstars and other scarce resources, which identifies conditions under which the prices of
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production factors may appear to be excessive (see, e.g., Rosen 1981). Our insights can be used to under-

stand why Greenwood and Scharfstein (2013) observe positive trends in the relative economic importance of

the financial sector, including activities that match our description of surplus appropriation, while Philippon

and Reshef (2012) and Célérier and Vallée (2019) observe large increases in the prices paid for an essential

resource in this sector: skilled workers.

Finally, our paper relates to the burgeoning literature studying the economic impacts of recent tech-

nological improvements in the collection, the processing, and the management of big data. Farboodi and

Veldkamp (2020) highlight how improvements in information technology induce traders to focus on acquir-

ing information about others’ trades rather than about assets’ fundamental values. Farboodi and Veldkamp

(2022) emphasize the complementarity between data accumulation and firm size. Gaballo and Ordoñez

(2022) point toward the trade-off between the benefits of information for production and the costs for risk

sharing, and its effect on the generation of safe assets. Although our paper differs by linking technology

and economic progress through the allocation of resources towards surplus appropriation, it shares with this

literature the call for a better understanding of the nuanced impacts of new information technologies.

1 Baseline Model

Suppose a firm i ∈ I has a positive supply of resources denoted bi. The firm can choose to allocate a quantity

si ≥ 0 of resources to create (social) surplus using a production function πi(si), and a quantity xi ≥ 0 of

resources to appropriate a fraction αi(xi) ∈ [0,1] of a rival firm’s surplus, such that si + xi ≤ bi. To fix

ideas, it might help to think of these resources as labor, and each firm chooses how to allocate its workforce

between two different activities. For simplicity, assume for now that firm i has a single rival j ̸= i in the

industry from which it can appropriate surplus, and vice-versa. Firm i’s payoff is then given by:

Ω(xi,si,x j,s j)≡ πi(si) · [1−α j(x j)]+π j(s j) ·αi(xi). (1)

By having αi(xi) multiplying π j(s j) and vice-versa, the assumed payoff function aims to cleanly capture

the simple, yet general idea that efforts to appropriate others’ surplus are more profitable when others have
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more surplus to appropriate.3 In our model, the term π j(s j) ·αi(xi) represents a transfer from firm j to firm

i, which per se does not reduce the overall surplus in the economy. As Tullock (1967, 1980) discusses in

the context of activities such as theft, however, appropriation ends up reducing the total social surplus in

our environment because a quantity xi > 0 of firm i’s resources could have been allocated to creating more

surplus instead.4

We keep our baseline setting as streamlined and flexible as possible with the objective of capturing

intuitively how technological improvements in surplus creation and appropriation differentially affect the

allocation of resources. We generalize this simple setting in subsection 2.5 to highlight the general condi-

tions under which our main predictions hold, as well as identify their limitations. We also provide micro-

foundations for payoff function (1) in the context of high-frequency trading in Section 3. This application

also shows how our results survive various context-relevant modifications to our baseline environment. For

instance, we extend the analysis to allow each firm’s resources xi to also help protect its surplus from appro-

priation efforts by (N − 1) rival firms. For now, the only restrictions we impose on payoff function (1) are

that, for all i ∈ I, πi(·) and αi(·) are increasing, concave functions and αi(·) ∈ [0,1].

Given payoff function (1), firm i allocates its resources to satisfy the first-order condition:

π
′
i (si) · [1−α j(x j)] = π j(s j) ·α ′

i (xi),

with si + xi = bi.

Firm-specific technological progress. In order to model technological progress, we assume for now that

each firm’s surplus-creation function πi(·) and surplus-appropriation function αi(·) can be decomposed into

an exogenous firm-specific technology parameter and a concave function of the resources the firm invests in

that specific activity. That is, we let πi(si)≡ φy,i ·y(si) and α(xi)≡ φa,i ·a(xi). This parameterization implies

that increases in productivity come from technological changes improving total factor productivity

3This focus on surplus appropriation contrasts our environment from Hirshleifer’s (1995), where rent-seeking efforts are mod-
eled as resource-appropriation attempts. Skaperdas (1992) also studies the equilibrium properties of various functional forms for
the rent-seeking output, but does not consider technological progress and its economic implications, which are the focus here.

4A firm may also inefficiently allocate resources to protect its surplus from rival firms’ appropriation efforts, a possibility we
later capture by allowing a more general function α(xi,x j). It is also possible that appropriation efforts induce deadweight losses
(i.e., π j(s j) ·αi(xi) is not a clean transfer from firm j to firm i), but this extension would strengthen the notion that allocating
resources to surplus appropriation is socially inefficient.
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The firm’s first-order condition then becomes:

φy,i · y′(si) · [1−φa, j ·a(x j)] = φy, j · y(s j) ·φa,i ·a′(xi).

with si + xi = bi. Fixing j’s actions, this first-order condition characterizes firm i’s best response, and gen-

erates intuitive implications. When firm i becomes individually more productive in creating surplus (i.e.,

when φy,i increases), the firm finds it optimal to allocate more resources towards surplus-creating activities.

When instead firm i becomes individually more productive in appropriating surplus from the other firm (i.e.,

when φa,i increases), the firm finds it optimal to allocate more resources towards surplus-appropriating ac-

tivities. Together, we get the natural implication that each firm responds to a firm-specific technological

advancement by tilting its allocation of resources towards the activities whose productivity benefits most

from the advancement. This reallocation is firm i’s best response to firm-specific improvements in technol-

ogy. In the next section, we analyze firms’ best responses to industry-wide improvements in technology, and

characterize the unique symmetric equilibrium, in which both firms create and appropriate surplus.

2 Industry-Wide Technological Progress

We now investigate how firms’ resource allocations change with technological advancements impacting

all firms within an industry (e.g., increased availability of data, more powerful computers, improved com-

munication and transportation capabilities). To keep our analysis of industry-wide technological progress

tractable, we impose symmetry such that φa,i = φa, j ≡ φa and φy,i = φy, j ≡ φy. We also assume that these tech-

nology parameters are exogenous to firms’ actions.5 In such parametrization, firm i’s first-order condition

becomes:

y′(si) · [1−φa ·a(x j)] = y(s j) ·φa ·a′(xi), (2)

with si + xi = bi. Firm i’s best response to industry-wide technological progress reveals two insights

about firms’ optimal allocation of resources. On the one hand, the industry-wide productivity of surplus-

appropriating activities, φa, affects firm decisions in unsurprising ways. Ceteris paribus, a higher φa implies

5Note that the function y(si) can in principle also incorporate how firm i’s resources create surplus by generating firm-specific
technological innovations.
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that firm i will be more successful in its attempts to appropriate the surplus that firm j creates and firm j

will be more successful in its attempts to appropriate the surplus that firm i creates. Thus, the right-hand

side of (2) is higher while the left-hand side is lower. As a result, fewer resources get allocated to surplus

creation, si, and more resources get allocated to surplus appropriation, xi, in response to an industry-wide

improvement in the productivity of firms’ surplus-appropriating activities, φa.

On the other hand, the industry-wide productivity of surplus-creating activities, φy, disappears from

the first-order condition and therefore does not impact the optimal allocation of resources. The intuition

behind this more surprising insight is that the associated technological progress boosts a firm’s rewards

to surplus creation in the same proportion it boosts the rewards from appropriating its rival’s now-larger

surplus. Indeed, improvements in surplus-creating technologies do not solely make surplus-creating efforts

more beneficial for a firm, they also imply that its rival is more productive in creating the surplus that is

available for appropriation.

2.1 Allocation of resources in equilibrium

The previous analysis of a firm’s best response to technological progress highlighted a surprising asymmetry

in how a firm responds to advancements associated with surplus creation versus surplus appropriation. We

now explore how firms’ best responses evolve into an equilibrium.

Since firm i is expected to reallocate resources towards surplus appropriation in response to technological

progress that boosts φa, the marginal benefit firm j accrues from creating more surplus might decrease even

if φy increases. Moreover, the impact of technological progress on the marginal benefit of appropriating firm

i’s surplus combines a decrease in resources invested in surplus creation by firm i with a higher productivity

per unit invested. To understand how all these effects combine in equilibrium, we now characterize the

equilibrium allocations for a pair of symmetrically-impacted and behaving firms. Dispensing with the sub-

indices i and j, recognizing that optimally s+ x = b, and denoting equilibrium allocations with an asterisk,

the first-order condition from equation (2) can now be written as:

y′(b− x∗) · [1−φa ·a(x∗)]− y(b− x∗) ·φa ·a′(x∗) = 0. (3)

8



If we differentiate the left-hand side of (3) with respect to x∗, we get:

−y′′(b− x∗) · [1−φa ·a(x∗)]− y(b− x∗) ·φa ·a′′(x∗),

which is strictly positive whenever either a(·) is strictly concave or y(·) is strictly concave and α(x∗) =

φa ·a(x∗) remains a fraction smaller than 1. Thus, under fairly standard assumptions, the first-order condition

in (3) can only be satisfied with one level of x∗ and, as a result, there exists only one symmetric equilibrium.

Analogous to the insights obtained when analyzing firm i’s best response, any change in the productivity

of surplus creation φy that is not associated with a change in φa would have no impact on the equilibrium al-

location of resources in the economy. The equilibrium allocation of resources between surplus-creating and

surplus-appropriating activities only depends on the absolute productivity of the latter (i.e., φa), regardless

of the level of the former (i.e., φy). By applying the implicit function theorem to the first-order condition (3),

we can observe how the equilibrium resource allocation in surplus appropriation, x∗, responds to marginal

changes in φa:
∂x∗

∂φa
=− y′(b− x∗) ·a(x∗)+ y(b− x∗) ·a′(x∗)

y′′(b− x∗) · [1−φa ·a(x∗)]+ y(b− x∗) ·φa ·a′′(x∗)
. (4)

This expression is strictly positive whenever either a(·) is strictly concave or y(·) is strictly concave and

α(x∗) remains a fraction smaller than 1. Thus, under the same fairly standard assumptions as above, tech-

nological progress is expected to lead to more resources being allocated to surplus appropriation. Yet, as

we show below, while improvements in φa reduce firms’ allocations of resources to surplus creation, the

social surplus firms create may still increase with technological progress as long as those fewer resources

are relatively more productive given the increase in φy.

The central prediction of the paper can thus be summarized as follows: while technological advance-

ments that increase the productivity of surplus-creating activities at an industry level do not lead to a real-

location of resources towards surplus creation, technological advancements that increase the productivity of

surplus-appropriating activities at an industry level do lead to a reallocation of resources towards surplus

appropriation. That is, technological progress has an asymmetric effect on firms’ optimal resource allo-

cation. Industry-wide technological progress, which generically boosts the productivity of both types of

activities albeit to different extents, therefore causes a disproportionate shift of resources towards surplus
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appropriation in equilibrium.

These results call into question the effectiveness of policies aimed at boosting the productivity of surplus-

creating activities without also addressing the induced inefficient reallocation of resources towards surplus-

appropriating activities. Intuitively, any intervention that expands the surplus firms create also boosts their

rivals’ incentives to invest in appropriating this now-larger surplus. Instead, policymakers should focus

on reducing the productivity and profitability of surplus appropriation (e.g., by taxing more the returns to

appropriation activities, penalizing their operation, or improving property rights).

2.2 Price of resources

We now consider what happens when firms have to compete for the resources they plan to allocate to the

different activities. Instead of being endowed with a symmetric budget of resources b as considered above,

we now assume that they have to pay for each unit of resources they acquire. We also assume that the set

of firms I competing for these resources is large enough such that each firm bids competitively for the same

supply of resources, i.e., they act as price takers.6 In that case, the equilibrium price of resources, which we

denote by w∗, is determined by the marginal benefit of allocating resources to either type of activities:

w∗ ≡ φy · y′(b− x∗) · [1−φa ·a(x∗)] = φy · y(b− x∗) ·φa ·a′(x∗). (5)

We can compare the equilibrium price of resources to what it would be in a benchmark economy that

does not admit rent seeking: φy · y′(b). We refer to this quantity as the “marginal social value of resources”,

since it captures an alternative benchmark in which all resources are efficiently allocated to create surplus.

This benchmark also echoes the standard practice in macroeconomic growth models of abstracting from

rent-seeking opportunities.

How do the resources allocated to surplus appropriation affect the marginal benefit of allocating re-

sources to surplus creation? We have two forces going in opposite directions. First, the fact that a fraction

[1−φa ·a(x∗)] of the surplus a firm creates is appropriated by a rival firm lowers the marginal value of allocat-

6If the number of firms competing for the same resources was small and these firms were all rivals within the same industry,
the equilibrium price of resources could be inflated by what Glode and Lowery (2016) call a “defense premium”: firm i would be
willing to pay a premium to outbid rival firm j and prevent it from acquiring resources that could be used to steal firm i’s surplus.
We shut down this strategic bidding behavior from our model since it is superfluous to our paper’s key insights.
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ing resources to surplus creation. Second, the fact that a firm finds it optimal to allocate resources to surplus

appropriation reduces the quantity of resources allocated to surplus creation and increases their marginal

benefit, φy · y′(b− x∗), when y(·) is strictly concave. Overall, the existence of rent-seeking opportunities

induce resources to be “overpriced” in a symmetric equilibrium whenever:

y′(b− x∗) · [1−φa ·a(x∗)]> y′(b).

This condition can only be satisfied if y(·) is strictly concave. The prediction that within-firm misallocation

of resources can inflate the price of resources stands in contrast to the negative relationship between cross-

firm misallocation and prices (see a complete discussion in Restuccia and Rogerson 2017, Dou et al. 2023,

and the references therein).

2.3 Firm output

We now analyze how industry-wide technological progress affects firm output in equilibrium. While most

technological progress is likely to improve the productivity of surplus creation, our analysis shows that these

benefits are mitigated by firms’ optimal response of shifting resources towards surplus appropriation.

Consider a technological advancement that boosts the productivity of each type of activities by dφy > 0

and dφa > 0, respectively. Then, equilibrium firm output, as measured by φy · y(b− x∗), should increase by:

y(b− x∗) ·dφy −φy · y′(b− x∗) · ∂x∗

∂φa
·dφa.

The first term in this expression captures the direct impact of increasing the productivity of surplus creation

for a given equilibrium allocation of resources whereas the second term captures the indirect impact of

reallocating resources towards appropriation in response to dφa (recall our result that φy does not affect

firms’ resource allocations).

The resulting increase in firm output is inferior to what it would be under the benchmark allocation

without rent seeking, that is, if all resources were allocated to surplus creation: y(b) · dφy. Moreover, the

wedge between the benchmark and equilibrium output levels is affected by technology parameters φy and

φa in non-linear ways, as emphasized by ∂x∗
∂φa

derived in equation (4). In what follows, we parameterize
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the model to provide a numerical illustration in which the resource reallocation channel we study becomes

so relevant that the relationship between productivity and output weakens as technology improves, even

becoming negative in some cases. Indeed, technological progress causes aggregate output to further diverge

from the benchmark without rent seeking that is the focus of most of the existing literature.

2.4 Numerical illustration

To illustrate our model’s main insights, we parameterize the model by setting a(x) = x
1+x and y(s) = s

1+s .

The first-order condition (3) that characterizes the optimal allocation of resources in a symmetric equilibrium

then becomes:
1

(1+b− x∗)2 ·
[

1−φa ·
x∗

1+ x∗

]
=

b− x∗

1+b− x∗
·φa ·

1
(1+ x∗)2 ,

which pins down x∗ as a function of the supply of resources, b, and the productivity of surplus-appropriating

activities, φa. As we previously emphasized, x∗ is unaffected by the productivity of surplus-creating activi-

ties, φy. The equilibrium price of resources from equation (5) is then given by:

w∗ = φy ·
1

(1+b− x∗)2 ·
[

1−φa ·
x∗

1+ x∗

]
= φy ·

b− x∗

1+b− x∗
·φa ·

1
(1+ x∗)2 ,

which does depend on the productivity of surplus-creating activities, φy.

To illustrate the impact of technological progress on resource allocation, we start with a simple sce-

nario in which technological progress is assumed to only improve the productivity of surplus-appropriating

activities. This scenario emphasizes the perverse effect of allocating resources to surplus appropriation in

response to industry-wide technological progress. Later, we will extend our analysis by allowing technolog-

ical progress to facilitate both surplus creation and appropriation.

Figure 1 plots, for a fixed level of φy and changing levels of φa (on the x-axis), the optimal allocation

of resources, the resulting price of resources, firm output, and firm profits. Panel (a) shows that surplus

appropriation is effectively shut down when φa = 0. Hence, the intercept captures the benchmark environ-

ment without rent-seeking opportunities, in which all resources are allocated to surplus creation (i.e., x∗ = 0

whereas s∗ = b). As φa increases, firms start reallocating their resources towards surplus-appropriating ac-

tivities. Due to the concavity of functions y(·) and a(·), the split of resources between surplus creation and
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(a) Allocation of resources (b) Price of resources (c) Firm output/profits

Figure 1
Impact of technological progress in surplus-appropriating activities only. The graphs illustrate how vary-
ing the productivity of surplus-appropriating activities (i.e., φa), while keeping the productivity of surplus-
creating activities constant (i.e., φy = 0.5), affects the optimal allocation of resources, the resulting price
of resources, firm output and profits, when each firm gains access to a supply b = 25 of resources.

appropriation inflates the price that firms are willing to pay for resources (i.e., w∗) above the marginal social

value of these resources (i.e., π ′(b)), as shown in Panel (b). Yet, once φa gets sufficiently large, firms allocate

so much of their resources to surplus appropriation that the value of those resources decline in equilibrium.

The price function is then hump shaped as the price of resources reaches its maximum when the economy

displays an intermediate mix of resources allocated to create as well as to appropriate surplus. Panel (c)

shows that this allocation of resources leads firm output π(s∗) to decrease and to get further away from

the benchmark level of output π(b) as we increase φa. Once we account for the high price of acquiring

these resources in equilibrium, we observe that firm profits also decrease with industry-wide technological

advancements that solely boost the productivity of surplus appropriation.

We now explore a richer and arguably more plausible scenario in which technological progress boosts

the productivity of both types of activities: surplus creation and appropriation. In contrast with the previous

exercise, this scenario allows technological progress to have a positive impact on output. Specifically, Figure

2 plots the same equilibrium objects as Figure 1, but for the case in which technology improves surplus

creation and appropriation in parallel, i.e., φy = φa.

Although φy also increases, Panel (a) is identical to its counterpart from Figure 1, numerically replicating

the main insight from equation (2): industry-wide technological progress in surplus creation boosts each

firm’s rewards from creating surplus in the same proportion as it boosts the rewards from appropriating its

rival’s now-larger surplus, and the firm’s optimal allocation of resources remain unchanged. The marginal
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(a) Allocation of resources (b) Price of resources (c) Firm output/profits

Figure 2
Impact of equal technological progress in both types of activities. The graphs illustrate how varying the productivity levels
of surplus-appropriating activities and surplus-creating activities in parallel (i.e., φy = φa) affects the optimal allocation of re-
sources, the resulting price of resources, firm output and profits, when each firm gains access to a supply b = 25 of resources.

social value of resources, however, does increase with φy, but as Panel (b) shows, the equilibrium price of

resources remains inflated due to the inefficient allocation of resources to surplus-appropriating activities.

As long as the resources allocated to surplus appropriation are not too large, improvements in technology

yield concurrent increases in the prevalence of rent seeking and in the price firms pay for those resources.

This implication casts a new light on the rising “finance wage premium” documented by Philippon and

Reshef (2012) and Célérier and Vallée (2019).

Panel (c) of Figure 2 shows that equilibrium firm output benefits less from technological progress than

the socially efficient level of firm output would. While our functional-form assumptions treat industry-wide

technological progress as an exogenous force that linearly induces higher output, its effect is dampened

by firms’ endogenous reallocation of resources towards rent seeking. This countervailing force induces

concavity in the equilibrium output function and can be so dramatic that technological progress reduces

firms’ output and profits.

To better understand this concavity and potential reversal, it is useful to compare the panels (c) from

Figures 1 and 2. When technological progress only boosts the productivity of surplus appropriation, higher

φa leads to more resources being allocated to appropriation and output automatically declines as a result.

When technological progress instead boosts the productivity of both appropriation and creation in the same

proportions, we still observe technological progress pushing resources to be reallocated towards surplus

appropriation — the main insight of our paper. Yet, in this scenario, we have a race between two competing
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effects. As technology improves, fewer resources are used to create surplus, yet those resources become

more productive. For low levels of φy = φa, economic output grows with technological progress: as most

resources are allocated to surplus creation, the output gains from the higher productivity of surplus creation

dominate the output losses from displacing resources toward surplus appropriation. For high levels of φy =

φa, the resources allocated to surplus creation are so small that the output gains from the higher productivity

of surplus creation become small compared to the output losses from displacing resources toward surplus

appropriation. As a result, Figure 3, which zooms in on the region where φy = φa ∈ [0.75,1], shows how

strong the negative impact of firms’ misallocation of resources can be. In this region, the negative impact of

resource misallocation dominates the positive impact of higher technological productivity on firms’ output

and profits. As a result, technological progress leads to lower aggregate output and profits.

Figure 3
Non-monotonic impact of technological progress in both types of activities on firm output/profits. The graph illustrates
how varying the productivity levels of surplus-appropriating activities and surplus-creating activities in parallel (i.e., φy = φa)
affects firm output and profits for high productivity levels, when each firm gains access to a supply b = 25 of resources.

2.5 Generalized environment

In this subsection, we identify general conditions for our central prediction that technological progress leads

to a reallocation of firms’ resources towards surplus-appropriating activities. We also show how it is possible

to reverse this prediction, yet we argue that the conditions needed to deliver our main result are realistic for

most rent-seeking applications.

We can adapt our previously established notation and write firm i’s profits as a general function Ωi(πi,αi)
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of a term that captures the output of firm i’s “productive” activities, πi(si,φ ,S−i,X−i), and a term that cap-

tures the output of firm i’s “rent-seeking” activities, αi(xi,φ ,S−i,X−i). We assume that all these functions

are differentiable with respect to their arguments. We use φ to denote a unique parameter that captures the

impact of technology on the productivity of both types of activities (yet, our general environment allows the

impact of this unique φ to differ across activities). As before, si and xi represent the resources allocated to

surplus creation and appropriation, respectively, and are subject to the resource constraint si + xi ≤ bi. We

use S−i and X−i to denote vectors containing the resource allocations of every other firm operating in firm

i’s industry. This level of generality allows to broadly capture potential complementarities and spillovers

across productive and rent-seeking efforts.

We now characterize firm i’s best response (i.e., optimal xi) to given levels of φ , S−i, and X−i. Imposing

firm i’s resource constraint, the output function for productive activities becomes πi(bi−xi,φ ,S−i,X−i), that

is, rent-seeking output is increasing in xi and production output is decreasing in xi. To eliminate notational

clutter, whenever appropriate we dispense from the sub-index i and from the various functions’ arguments

and denote the partial derivative of an arbitrary function F to a variable z as Fz ≡ ∂F
∂ z . Firm i’s marginal

benefit from increasing the resources it allocates to rent seeking is:

Ωx = Ωπ︸︷︷︸
>0

· πx︸︷︷︸
<0

+ Ωα︸︷︷︸
>0

· αx︸︷︷︸
>0

,

which, using πx =−πs, can be rewritten as:

Ωx =− Ωπ︸︷︷︸
>0

· πs︸︷︷︸
>0

+ Ωα︸︷︷︸
>0

· αx︸︷︷︸
>0

. (6)

In what follows, we assume that firm i’s best-response function is characterized by an interior solution to

the first-order condition, that is, Ωx = 0.

Our baseline analysis implied that ∂Ωx
∂φ

> 0 when technology affects both production and rent seeking

proportionally — a technological improvement that equally boosted the productivity of both types of ac-

tivities raised the marginal profit from moving resources from production to rent seeking. In a generalized

environment, however, how does firm i’s optimal xi respond to increases in the technology parameter φ?
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Using (6), we can write:
∂Ωx

∂φ
=−Ωπφ πs −Ωππsφ +Ωαφ αx +Ωααxφ ,

which, using the first-order condition Ωx = 0, can be rewritten as:

∂Ωx

∂φ
=−Ωααx

[
Ωπφ

Ωπ

+
πsφ

πs
−

Ωαφ

Ωα

−
αxφ

αx

]
.

The marginal benefit of allocating resources to rent seeking is thus increasing with technological progress

as long as the term in brackets is negative, that is, as long as:

Ωαφ

Ωα

+
αxφ

αx
>

Ωπφ

Ωπ

+
πsφ

πs
. (7)

The left-hand side of condition (7) measures how technological progress impacts (i) the importance of

rent seeking in generating a firm’s profits, and (ii) the productivity of a firm’s resources allocated to rent

seeking, both in proportional terms. The right-hand side of (7) measures the analog of these sensitivities for

productive activities.

To interpret this general condition, we can revisit our baseline environment with φy = φa ≡ φ such that:

Ωi(πi,αi) = πi(bi − xi,φ) · [1−α j(x j,φ)]+αi(xi,φ) ·π j(b j − x j,φ),

with π(s,φ) = φ ·y(s) and α(x,φ) = φ ·a(x) for firms i and j. Using these functional forms and taking firm

j’s allocations x j and s j as given, we can write our general condition as:

∂Ωx

∂φ
= −φ · y(s j) ·φa′(xi) ·

[
−a(x j)

1−φ ·a(x j)
+

y′(si)

φ · y′(si)
−

y(s j)

φ · y(s j)
− a′(xi)

φ ·a′(xi)

]
=

φ · y(s j) ·a′(xi)

1−φ ·a(x j)
> 0.

Condition (7) is thus guaranteed to hold under the standard functional forms assumed in our baseline en-

vironment. First, technological progress equally impacts the productivity of allocating an additional unit

of resources to either type of activities (i.e., πsφ

πs
=

αxφ

αx
= 1

φ
). Second, technological progress does not only

make a firm’s profits more sensitive to its surplus-appropriating efforts (i.e., Ωαφ

Ωα
= 1

φ
> 0) but it also makes
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its profits less sensitive to its surplus-creating efforts (i.e., Ωπφ

Ωπ
=− a(x j)

1−φa(x j)
< 0). As a result, resources are

reallocated towards surplus appropriation in response to technological progress.

To overturn our central prediction, it would be sufficient to assume that technological progress does not

affect the importance and productivity of rent seeking but increases the productivity of allocating resources

to surplus creation (i.e., πsφ

πs
> 0), thereby violating condition (7) (as assumed by Murphy, Shleifer, and

Vishny 1991, in a different environment). On the other hand, our mechanism gains in importance when,

as in Figure 2, technological progress affects both productive and rent-seeking activities equally (or at least

proportionally). Indeed, in a parameterization where πsφ

πs
=

αxφ

αx
as above, condition (7) holds if and only if:

Ωαφ

Ωα

>
Ωπφ

Ωπ

.

This simplified condition can be intuitively interpreted as follows. While output measures πi and αi both

contribute to firm i’s profits, their importance is likely to be differently impacted by technological progress.

Technological improvements that can be used for rent-seeking purposes are likely to result in the surplus that

a firm creates contributing less to its profits. After all, improvements in surplus-appropriation techniques

should typically imply that the surplus a firm creates is less likely to be retained by that particular firm.

In comparison, technological improvements that can be used for productive purposes are likely to result in

making surplus-appropriating efforts more fruitful, as more surplus to appropriate should typically benefit

surplus appropriators, thereby increasing the contribution of a firm’s rent-seeking efforts on its profits. Our

main prediction about resources being reallocated in response to technological progress relies on these

economic properties of firms’ profit functions, which we believe are intuitive and natural. Our generalized

analysis thus shows that our main prediction can survive in arguably realistic economic settings that depart

from the standard functional forms assumed in our baseline analysis.

Our generalized analysis also highlights that our main prediction ultimately stems from firms’ best

responses, not from our explicit equilibrium conditions. Technological progress leads to an inefficient re-

allocation of resources in the economy as long as condition (7) holds for all firms in the industry. This

condition can hold despite the existence of large asymmetries in the functional forms of surplus creation and

appropriation and regardless of the nature and split of activities between surplus creation and appropriation.

In fact, we show in the next section that our main prediction holds in an environment in which subsets of
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firms specialize in different financial activities.

3 Application: High-Frequency Trading

The theoretical environment analyzed so far can be used to shed light on the evolution of a variety of

industries that combine surplus-creating and surplus-appropriating, technology-intensive activities. One

good example of that is the financial sector. It has been long recognized that many financial activities

contribute to the productive allocation of resources within the economy, but also that some of its speculative

activities are aimed at appropriating rather than creating surplus (see, e.g., Hirshleifer 1971, Baumol 1990,

Murphy, Shleifer, and Vishny 1991, French 2008, Greenwood and Scharfstein 2013). In his Presidential

Address to the American Finance Association, Zingales (2015) reflects about the growth of the financial

sector as follows: “we have both theoretical reasons and empirical evidence to claim that a component

has been pure rent-seeking.” He recognizes, however, that empirically distinguishing which resources are

allocated to surplus creation versus appropriation is challenging.

One technology-intensive subsector that many experts think of as featuring investments in socially in-

efficient activities is that of high-frequency trading (HFT) (see, e.g., Schwartz and Wu 2013, Biais, Fou-

cault, and Moinas 2015, Budish, Cramton, and Shim 2015, Pagnotta and Philippon 2018). This subsec-

tor has grown significantly in recent decades, as can be seen in Figure 4, arguably in large part due to

rapid progress in communication and computing processing technologies (see, e.g., Goldstein, Kumar, and

Graves 2014, Lewis 2014, MacKenzie 2021).

Below, we describe HFT activities that are aimed at appropriating other traders’ surplus such as elec-

tronic front-running, emphasize how these activities leverage technological improvements at the expense of

socially beneficial activities such as market making and liquidity provision, and apply our main theoreti-

cal results to the world of HFT by extending our baseline environment along several dimensions that are

relevant and specific to its operations.

3.1 Surplus creation and appropriation in an HFT context

As Adrian (2016) details, “high-frequency trading” refers to a complex collection of strategies and processes

that share a few important characteristics: the use of complex computer algorithms that place orders to
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Figure 4
Growth of high-frequency trading volume. The graph plots the growth and composi-
tion of average daily trading volume in US financial markets (adapted from Klein 2020).

identify market changes, the high speed of trade execution, and the massive number of transactions executed

per day. Providing an exhaustive account of all possible HFT strategies is outside the scope of our paper

(see Lewis 2014, Menkveld 2016, MacKenzie 2021), but we identify and summarize two forms of trading

activities that share a technological infrastructure, which has evolved at a rapid pace in recent decades and

has become the platform for their operations: market making, which constitute a surplus-creating activity,

and electronic front-running, a surplus-appropriating activity.

In the last couple of decades, equity trading changed dramatically. What used to happen verbally or

manually in a centralized physical location (like the NYSE) now happens digitally though a network of

interconnected and automated trading venues. Computing improvements and communication advances sped

up the generation, routing, and execution of trade orders — some trades now being implemented within

less than a millisecond (for context, the blink of an eye takes about 400 milliseconds). This astonishing

reduction in trading latency had clear social benefits by helping intermediaries find trading partners and

provide liquidity to their clients at unprecedented speeds.

Yet, the same technological progress has also been exploited to take advantage of transactions intended to

match buyers and sellers rapidly and efficiently. Surplus created by these transactions could be appropriated

by third parties designing predatory trading strategies that include rebate arbitrage, latency arbitrage, but

perhaps most importantly electronic front-running. This strategy involves using speed and sophisticated

computer algorithms to identify large incoming orders and take favorable positions before these large orders
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are fulfilled. If an institutional investor sends a large buy order to multiple exchanges, an HFT firm can

learn about it from a partially unfulfilled buy request on one exchange, outrace the institutional investor’s

order to a second exchange and buy all available shares, in order to later resell them to the institutional

investor at a higher price.7 This strategy uses similar technology, platforms, and execution protocols to what

market makers use to provide liquidity, but uses the faster speeds to step in between the ultimate buyers and

sellers of assets and appropriate a fraction of their gains to trade, without generating any social surplus in

the process.

Empirically, trading firms labeled as “HFT firms” have been shown to provide immediacy and liquidity

to investors (see, e.g., Hendershott, Jones, and Menkveld 2011, Menkveld 2013, Korajczyk and Murphy

2018, van Kervel and Menkveld 2019) as well as to respond opportunistically to investors’ large trading

orders (see, e.g., Brogaard, Hendershott, and Riordan 2017, Kirilenko et al. 2017, Korajczyk and Murphy

2018, van Kervel and Menkveld 2019, Hirschey 2020). In fact, many traditional dealer banks, known to act

as central market makers in various asset classes, have invested large amounts of money in order to enter

the latency arms race. Goldman Sachs, for example, recently committed to invest more than $100 million

to improve its equity trading technology. Reporting on this commitment for CNBC, Son (2019) writes:

“Institutional stock trading has become a winner-take-all arena in which a few big players are carving

out larger slices of a shrinking pie.” Altogether, HFT firms’ ambiguous contributions to financial markets

and the fuzzy demarcation between market making and opportunistic trading have complicated financial

regulators’ optimal response to their joint creation/appropriation activities (see Gensler 2022).

To shed light on trading firms’ resource allocation decisions, we next model how technological progress

affects the interactions between the liquidity that trading firms provide and the electronic front-running they

perform in modern financial markets.

3.2 Extended model of market making and front-running

We consider N trading firms. Each firm services a measure Qi(si) of clients whose liquidity needs create a

social surplus ∆ > 0 when fulfilled. More specifically, clients who desire to sell an asset value it at v−∆,

7See Adrian (2016) for detailed examples of how electronic front-running is performed in practice, Menkveld (2016) for an
academic survey of the related literature, and Hirschey (2020) for empirical evidence of anticipatory trading by high-frequency
trading firms.
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whereas clients who desire to buy the asset value it at v+∆. We can then think of v as the fundamental

value of the asset. The quantity Qi(si) represents firm i’s intermediation capacity, which is increasing in the

resources si the firm allocates to market-making functions (e.g., hiring more personnel to deal with clients,

acquiring better inventory management systems).

A trading firm provides liquidity to its clients by buying the assets they want to sell at a bid price

v−ω∆ and selling the assets they want to buy at an ask price v+ω∆, where ω ∈ [0,1] captures the firm’s

market power, or more precisely the fraction of the social surplus the firm gets to keep as compensation

for its intermediation services. A fraction (1−λ ) of the Qi(si) clients’ transactions can be matched among

themselves and therefore have no inventory consequences for the market maker. For each leg of these

matched trades, the firm’s profit is ω∆. Offsetting the inventory positions associated with the remaining

fraction λ of clients’ transactions, either by selling an asset just acquired from a client or by buying an asset

to replace inventory just sold to a client, requires the use of an electronic interdealer market.

The price that the firm faces in the interdealer market can, however, be manipulated by the (N−1) other

trading firms through various electronic front-running schemes. In particular, if firm j allocates resources x j

to learning about firm i’s trading needs (or perhaps its clients’ trading needs) fast enough, firm j can partially

corner the electronic market by buying and selling assets at their fundamental value v and moving prices by

ρ j(x j) ·∆ away from v, before firm i has time to completely offset its inventory positions. Altogether, the N

front-running firms can move the interdealer-market price either to v+∑
N
j=1
j ̸=i

ρ j(x j) ·∆ or to v−∑
N
j=1
j ̸=i

ρ j(x j) ·

∆, respectively based on whether firm i is looking to buy or sell in this market. The function ρ j(·) is

increasing to capture the notion that firm j’s investments in order-flow data and in high-frequency trading

platforms boost the return to front-running and other predatory trading activities. By front-running, each

rival firm j appropriates a surplus ρ j(x j) · ∆ from each transaction that firm i intermediates through the

interdealer market, leaving firm i with the following surplus:

ω −
N

∑
j=1
j ̸=i

ρ j(x j)

∆

per client transaction intermediated through the interdealer market.

If all N firms can symmetrically front-run any other firm as well as be the target of any other firm’s
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front-running, then firm i’s expected payoff can be written as:

Qi(si) ·ω∆ ·

1−
N

∑
j=1
j ̸=i

λρ j(x j)

ω

+
N

∑
j=1
j ̸=i

Q(s j) ·ω∆ · λρi(xi)

ω
.

We thus recover a N-firm version of the profit expression (1), where πi(si) = Qi(si) ·ω∆ and αi(xi) =
λρi(xi)

ω
.

A surplus Qi(si) ·∆ is created by firms’ provision of market-making services to clients, with the financial

sector capturing a fraction ω of this surplus whereas a fraction (1 − ω) is retained by clients (thereby

extending our baseline environment, where all social surplus was assumed to be captured by firms). A

fraction λρi(xi) of the social surplus created by each firm’s market making is appropriated by firm i which

front-runs firms’ needs to offset a fraction λ of their client transactions in an electronic interdealer market

(thereby extending our baseline environment by allowing a share (1−λ ) of the social surplus to be immune

from rivals’ appropriation efforts). In this setting, trading firms use their resources both for market-making

and predatory-trading purposes, consistent with empirical evidence by Korajczyk and Murphy (2018), and

van Kervel and Menkveld (2019), among others.

In the HFT context, it is natural to conjecture that technological investments that improve firm i’s ability

to front-run rival firms, such as investments in order-flow data, in computing power, in advanced algorithms

and in fast trading platforms, would also contribute to making it harder for rival firms to front-run firm

i. A tractable way to extend our current analysis to capture this idea is to assume that firm j’s ability

to appropriate firm i’s surplus is a function of these firms’ relative investments (x j − xi) and vice-versa

(see Baron et al. 2019, who document the importance of firms’ relative latency in explaining their trading

profits). Replacing ρ j(x j) by ρ j(x j − xi) and using notation otherwise similar to our analysis above, we can

now denote each firm’s payoff as:

Qi(si) ·ω∆ ·

1−
N

∑
j=1
j ̸=i

λρ j(x j − xi)

ω

+
N

∑
j=1
j ̸=i

Q j(s j) ·ω∆ ·
λρi(xi − x j)

ω
. (8)

While maintaining most of the same properties as our baseline analysis, this parameterization allows to

additionally capture the “arms race” nature of HFT-related investments (see, e.g., Schwartz and Wu 2013,
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Biais, Foucault, and Moinas 2015, Budish, Cramton, and Shim 2015).

In the spirit of our baseline analysis, we can set Qi(si) ≡ φy · ŷ(si) and ρi(xi − x j) ≡ φa · â(xi − x j) to

highlight the impact of industry-wide technological advancements on firms’ optimal resource allocation.

With regards to market making, ŷ(si) captures how firm i’s investments in expanding its client network

and better understanding its clients’ trading needs (e.g., hiring expert financial advisors and commercial

bankers) translate into more intermediation volume. The technology parameter φy captures any industry-

wide innovation that boosts financial firms’ ability to service their clients (e.g., better telecommunication

tools and social networks). With regards to front-running, â(xi − x j) captures how firm i’s investments in

speed, co-location, and order-flow data, relative to those of competing firms, translate into higher profits

on the proprietary trading side of the business. The technology parameter φa captures any industry-wide

innovation that boosts trading firms’ ability to take advantage of their counterparties in the interdealer market

(e.g., faster trading infrastructures used by electronic exchanges and increased availability of real-time order-

flow data).

This parameterization of industry-wide technological progress results in the following payoff function:

φyŷ(si) ·ω∆ ·

1−
N

∑
j=1
j ̸=i

λφaâ(x j − xi)

ω

+
N

∑
j=1
j ̸=i

φyŷ(s j) ·ω∆ ·
λφaâ(xi − x j)

ω
.

Since bi = si + xi, firm i’s best response x∗i to other firms’ allocations can be characterized by:

ŷ(bi − x∗i ) ·
N

∑
j=1
j ̸=i

λφaâ′(x j − x∗i )+
N

∑
j=1
j ̸=i

ŷ(b j − x j) ·λφaâ′(x∗i − x j)− ŷ′(bi − x∗i ) ·

ω −
N

∑
j=1
j ̸=i

λφaâ(x j − x∗i )

= 0.

As in the baseline analysis, the surplus-creation productivity φy is irrelevant for the firm’s optimal allocation

of resources. In contrast, a larger φa magnifies the payoff from investing in front-running activities (which

include surplus protection as well as appropriation) and reduces the payoff from investing in market-making

activities, and ultimately from providing liquidity to clients.
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In a symmetric equilibrium with bi = b j ≡ b and x∗i = x∗j ≡ x∗, the implicit function theorem yields:

∂x∗

∂φa
=

2ŷ(b− x∗) ·λ â′(0)+ ŷ′(b− x∗) ·λ â(0)
2ŷ′(b− x∗) ·λφaâ′(0)− ŷ′′(b− x∗) ·

[
ω

N−1 −λφaâ(0)
] .

This expression is strictly positive if regularity restrictions analogous to those imposed in the baseline anal-

ysis hold. Thus, as was the case in the baseline environment, any industry-wide technological advance-

ment simultaneously boosting the productivity of market making and of electronic front-running, perhaps

to different extents, will result in a reallocation of firms’ resources towards front-running efforts aimed at

appropriating the surplus created by others’ market-making efforts.

The payoff function (8) captures the resource-allocation incentives of large sophisticated trading firms

that act as market makers for clients, while also profiting from proprietary high-frequency trading.8 We can,

however, adjust this structure to study firms that participate in the market without performing both activities,

such as hedge funds and HFT specialists that do not aim to create liquidity for clients, or dealer banks that

specialize in market making without having an explicit HFT division.

The payoff function for hedge funds specializing in electronic front-running, without their own clienteles

in need of market-making services, simplifies to:

N

∑
j=1
j ̸=i

Q j(s j) ·ω∆ ·
λρi(xi − x j)

ω
=

N

∑
j=1
j ̸=i

φyŷ(s j) ·∆ ·λφaâ(xi − x j).

These firms always allocate all their resources to surplus appropriation, which becomes more profitable with

any increase in either φy or φa.

Consistent with the empirical findings of Brogaard et al. (2015), some trading firms specializing in

market making may invest in speeding up their trading protocols as a means to defend themselves against

opportunistic high-frequency traders.9 In our environment, the payoff function for dealer banks that defend

8See, e.g., Stafford (2015) who describes Goldman Sachs’ investment in Perseus, which at the time owned one of the fastest
telecommunication connections between London and New York.

9Lewis (2014) describes how the Royal Bank of Canada developed THOR, a trading tool aimed at synchronizing when a large
trading order reaches different exchanges, thereby weakening other firms’ ability to front-run this order across exchanges.
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themselves against front-running, without trying to front-run others, simplifies to:

Qi(si) ·ω∆ ·

1−
N

∑
j=1
j ̸=i

λρ j(x j − xi)

ω

= φyŷ(si) ·ω∆ ·

1−
N

∑
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j ̸=i

λφaâ(x j − xi)

ω

 .

Their first-order condition when allocating resources between surplus creation and surplus protection is thus:

ŷ(b− xi) ·∆ ·
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∑
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λφaâ′(x j − xi)− ŷ′(b− xi) ·ω∆ ·

1−
N

∑
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j ̸=i

λφaâ(x j − xi)

ω
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As was the case with large sophisticated trading firms involved both in surplus creation and appropriation,

the technological parameter φy disappears from the firm’s optimization problem, implying that technological

advancements only affect the optimal allocation of resources through φa. A larger φa weakens firms’ incen-

tives to expand their surplus-creating/market-making activities and strengthens their incentives to invest in

protecting their own surplus against rivals’ front-running efforts, resulting in higher defense investments.

As argued by Tullock (1967, 1980), investments made with the objective of defending one’s surplus from

rivals’ appropriation efforts represent a socially wasteful allocation of scarce resources.

Altogether, a financial sector populated by these three types of firms allocates a larger share of its re-

sources towards socially wasteful activities in response to any industry-wide technological progress that

boosts productivity parameters φy and φa. These applied insights inform us on HFT firms’ documented

ambiguous impact on market quality: these firms provide immediacy and liquidity to investors (see, e.g.,

Hendershott, Jones, and Menkveld 2011, Menkveld 2013, Korajczyk and Murphy 2018, van Kervel and

Menkveld 2019), yet they also respond opportunistically to investors’ large trading orders (see, e.g., Brogaard,

Hendershott, and Riordan 2017, Kirilenko et al. 2017, Korajczyk and Murphy 2018, van Kervel and Menkveld

2019, Hirschey 2020). These insights also shed light on why steady technological improvements in the

functioning of financial markets have not lowered the average cost of financial intermediation for investors

(see, e.g., Brogaard et al. 2014, Philippon 2015) and why, in some instances, speeding up an exchange’s

order-execution processes has paradoxically resulted in increased execution costs due to heightened adverse

selection (see, e.g., Hendershott and Moulton 2011, Foucault, Kozhan, and Tham 2017).
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4 Conclusion

In this paper, we show that technological advancements that improve productivity for an entire industry

can generically induce a disproportionate and socially inefficient allocation of resources towards surplus-

appropriating activities. Whereas industry-wide improvements in a technology used to appropriate others’

surplus amplify the payoff of surplus-appropriating activities and reduce the payoff of surplus-creating activ-

ities, improvements in a technology used to create surplus amplify the payoffs of both activities in lockstep.

Over time, the economy evolves towards a rent-seeking economy in response to technological progress. This

long-run reallocation of resources towards surplus appropriation has important implications for the relative

price of inputs as well as for the sensitivity of economic growth to technological progress.

We extend our model and apply its insights in a context of high-frequency trading. We show how

industry-wide improvements in the speed of trading networks and in the availability of order flow data

may result in disproportionate investments in electronic front-running and other predatory strategies, at the

expense of financial firms’ market-making and liquidity provision functions. This application emphasizes

how trading firms’ resource-allocation response to technological progress depends on their market power,

their ability to match their clients’ trades internally, their price impact in an interdealer market, and many

other market and industry characteristics that are specific to HFT.

More broadly, our model’s insights can explain the recent rise in various surplus-appropriating endeavors

such as civil litigation10, product imitation11, government lobbying12, and the exercise of market power13.

These activities all share the common goal of appropriating other parties’ surplus (or defending a firm’s

surplus from rivals’ appropriation efforts). And in all these cases, we can think of recent technological ad-

vancements, whether it is big data, machine learning, artificial intelligence, communication and transporta-

tion improvements, likely to have facilitated both surplus creation and appropriation. The disproportionate

effect of technological progress on rent seeking highlighted in this paper may also have been operational

well before the current informational revolution. Many early technological advancements impacted both

10The growth in the size of the U.S. legal profession surpassed U.S. population growth since the 1940s, according to ABA (2022).
11The growth in patent infringement cases in the U.S. and U.K. is documented by the Council of Economic Advisers (2016) and

Zhang and Qiao (2020) and the growth in counterfeit product seizures in the U.S. is documented by Snibbe (2019).
12The growth in lobbying is documented by Tracy (2019), OpenSecrets (2021), and Grotteria, Miller, and Naaraayanan (2023).
13The growth in markups for U.S. businesses is documented by De Loecker, Eeckhout and Unger (2020) and Nekarda and Ramey

(2020).

27



surplus creation and appropriation at the same time, albeit to different extents: improvements in agricultural

and farming technologies led to better nutrition as well as wars and invasions, the proliferation of weapons

helped with hunting as well as stealing, and more efficient transportation technologies facilitated trading of

goods but also an expansion of speculative and stealing activities.14

Our paper thus identifies an understudied, yet fundamental dampening effect of rent seeking on the long-

run relationship between technological progress and economic progress, which points toward the heightened

relevance of identifying, regulating, taxing, and/or curbing rent-seeking activities as technology improves.

A salient implication of our analysis is that policies focused on boosting the productivity of surplus-creating

activities from firms’ standpoint (e.g., by subsidizing related investments) may backfire and have the un-

intended consequence of worsening the inefficient allocation of resources. Instead, policymakers must de-

velop ways to identify the different forms of surplus appropriation and reduce their productivity in order to

ultimately reduce the misallocation of resources.15 Our results emphasize the importance of incorporating

surplus appropriation as a fundamental and integral force within economic growth models and of improving

its measurement for policymaking purposes. At a global level, our analysis also implies that technological

progress heightens the need for societies to design coordination or commitment devices that reduce appro-

priation efforts (e.g., governments may implement stronger property rights, regulations and laws that curb

rent seeking). The notion that more technologically developed economies are also economies with stronger

institutions is thus consistent with the main implications of our paper.
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Gaballo, Gaetano, and Guillermo Ordoñez, 2022, “Welfare Implications of Information Technologies,” Working Paper,

University of Pennsylvania.

30

https://seekingalpha.com/article/4317681-mongodb-riding-data-wave
https://seekingalpha.com/article/4317681-mongodb-riding-data-wave


Gensler, Gary, 2022, “Statement on the Further Definition of a Dealer-Trader,” Securities and Exchange Commission,

March 28, 2022.

Glode, Vincent, Richard C. Green, and Richard Lowery, 2012, “Financial Expertise as an Arms Race,” Journal of

Finance 67, 1723-1759.

Glode, Vincent, and Richard Lowery, 2016, “Compensating Financial Experts,” Journal of Finance 71, 2781-2808.

Goldstein, Michael A., Pavitra Kumar, and Frank C. Graves, 2014, “Computerized and High-Frequency Trading,”

Financial Review 49, 177-202.

Greenwood, Robin, and David Scharfstein, 2013, “The Growth of Finance,” Journal of Economic Perspectives 27,

3-28.

Grotteria, Marco, Max Miller, and S.Lakshmi Naaraayanan, 2023, “Foreign Influence in US Politics,” Working Paper,

London Business School.

Hendershott, Terrence, Charles M. Jones, and Albert Menveld, 2011, “Does Algorithmic Trading Improve Liquidity?,”

Journal of Finance 66, 1-33.

Hendershott, Terrence, and Pamela C. Moulton, 2011, “Automation, Speed, and Stock Market Quality: The NYSE’s

Hybrid,” Journal of Financial Markets 14, 568-604.

Hirschey, Nicholas, 2020, “Do High-Frequency Traders Anticipate Buying and Selling Pressure?,” Management Sci-

ence 67, 3321-3345.

Hirshleifer, Jack, 1971, “The Private and Social Value of Information and the Reward to Inventive Activity,” American

Economic Review 61, 561-574.

Hirshleifer, Jack, 1995, “Anarchy and its Breakdown,” Journal of Political Economy 103, 26-52.

Kelly, Bryan, Dimitris Papanikolaou, Amit Seru, and Matt Taddy, 2021, “Measuring Technological Innovation over

the Long Run,” American Economic Review: Insights 3, 303-320.

van Kervel, Vincent, and Albert J. Menkveld, 2019, “High-Frequency Trading around Large Institutional Orders,”

Journal of Finance 74, 1091-1137.

Kirilenko, Andrei, Albert S. Kyle, Mehrdad Samadi, and Tugkan Tuzun, 2017, “The Flash Crash: High-Frequency

Trading in an Electronic Market,” Journal of Finance 72, 967-998.

31



Klein, Aaron, 2020, “What is a Financial Transaction Tax?,” Policy 2020 – Brookings Institution,

https://www.brookings.edu/policy2020/votervital/what-is-a-financial-transaction-tax-2/.

Korajczyk, Robert A., and Dermot Murphy, 2019, “High-Frequency Market Making to Large Institutional Trades,”

Review of Financial Studies 32, 1034-1067.

Koudijs, Peter, 2015, “Those Who Know Most: Insider Trading in 18th C. Amsterdam,” Journal of Political Economy

123, 1356-1409.

Lewis, Michael, 2014, Flash Boys: A Wall Street Revolt, W.W. Norton Company, New York.

Lockwood, Benjamin, Charles Nathanson, and Glen Weyl, 2017, “Taxation and the Allocation of Talent,” Journal of

Political Economy 125, 1635-1682.

MacKenzie, Donald, 2021, Trading at the Speed of Light: How Ultrafast Algorithms Are Transforming Financial

Markets, Princeton University Press, Princeton.

Menkveld, Albert J., 2013, “High-Frequency Trading and the New-Market Makers,” Journal of Financial Markets 16,

712-740.

Menkveld, Albert J., 2016, “The Economics of High-Frequency Trading: Taking Stock,” Annual Review of Financial

Economics 8, 1-24.

Menkveld, Albert J., and Marius A. Zoican, 2017, “Need for Speed? Exchange Latency and Liquidity,” Review of

Financial Studies 30, 1188-1228.

Murphy, Kevin M., Andrei Schleifer, and Robert W. Vishny, 1991, “The Allocation of Talent: Implications for

Growth,” Quarterly Journal of Economics 106, 503-530.

Murphy, Kevin M., Andrei Schleifer, and Robert W. Vishny, 1993, “Why Is Rent-Seeking So Costly to Growth?,”

American Economic Review 83, 409-414.

Nekarda, Christopher, and Valerie Ramey, 2020, “The Cyclical Behavior of the Price-Cost Markup,” Journal of Money,

Credit, and Banking 52, 319-353.

OpenSecrets, 2021, “Lobbying Data Summary,” https://www.opensecrets.org/federal-lobbying/summary?inflate=Y

Pagnotta, Emiliano S., and Thomas Philippon, 2018, “Competing on Speed,” Econometrica 86, 1067-1115.

32

https://www.brookings.edu/policy2020/votervital/what-is-a-financial-transaction-tax-2/
https://www.opensecrets.org/federal-lobbying/summary?inflate=Y


Philippon, Thomas, 2010, “Engineers vs. Financiers: Should the Financial Sector be Taxed or Subsidized,” American

Economic Journal: Macroeconomics 2, 158-182.

Philippon, Thomas, 2015, “Has the US Finance Industry Become Less Efficient? On the Theory and Measurement of

Financial Intermediation,” American Economic Review 105, 1408-1438.

Philippon, Thomas, 2019, “The Economics and Politics of Market Concentration,” NBER: The Reporter 4.

Philippon, Thomas, and Ariell Reshef, 2012, “Wages and Human Capital in the U.S. Financial Industry: 1909-2006,”

Quarterly Journal of Economics 127, 1551-1609.

Reames, Jeanne, and Ann Haverkost, 2021, “Agriculture and Greek Warfare,” in A Companion to Greek Warfare, Ed.

Waldermar Heckel, F.S. Naiden, E. Edward Garvin, and J. Vanderspoel, Hoboken, NJ: Wiley Blackwell, 286-298.

Restuccia, Diego, and Richard Rogerson, 2017, “The Causes and Costs of Misallocation,” Journal of Economic Per-

spectives 31, 151-174.

Rosen, Sherwin, 1981, “The Economics of Superstars,” American Economic Review 71, 845-858.

Roser, Max, and Hannah Ritchie, 2013, “Technological Progress,” Our World in Data,

https://ourworldindata.org/technological-progress.

Rothschild, Casey, and Florian Scheuer, 2016, “Optimal Taxation with Risk-Seeking,” Review of Economic Studies

83, 1225-1262.

Scheuer, Florian, and Joel Slemrod, 2021, “Taxing our Wealth,” Journal of Economic Perspectives 35, 207-230.

Schwartz, Robert A., and Liuren Wu, 2013, “Equity Trading in the Fast Lane: The Staccato Alternative,” Journal of

Portfolio Management 39, 3-6.

Skaperdas, Stergios, 1992, “Cooperation, Conflict, and Power in the Absence of Property Rights,” American Economic

Review 82, 720-739.

Snibbe, Kurt, 2019, “These Countries are Counterfeiting the Most U.S. Goods,” Orange County Register,

https://www.ocregister.com/2019/05/22/these-countries-are-counterfeiting-the-most-u-s-goods/.

Solow, Robert, 1957, “Technical Change and the Aggregate Production Function,” Review of Economics and Statistics

39, 312-320.

33

https://ourworldindata.org/technological-progress
https://www.ocregister.com/2019/05/22/these-countries-are-counterfeiting-the-most-u-s-goods/


Son, Hugh, 2019, “Wall Street’s Equities Titans are in the Midst of an Expensive Technological Arms Race. Here’s

Why,” CNBC.com, https://www.cnbc.com/2019/07/29/how-stock-stock-trading-became-streets-winner-take-all-

battleground.html.

Stafford, Philip, 2015, “Goldman Sachs Makes $20m Investment in HFT Tech Provider,” Financial Times,

https://www.ft.com/content/7f7d5b86-e834-11e4-894a-00144feab7de.

Tracy, Ryan, 2019, “Tech Firms Ramp Up Lobbying as Antitrust Scrutiny Grows,” Wall Street Journal,

https://www.wsj.com/articles/tech-firms-ramp-up-lobbying-as-antitrust-scrutiny-grows-11572255000.

Tullock, Gordon, 1967, “The Welfare Costs of Tariffs, Monopolies, and Theft,” Western Economic Journal 5, 224-232.

Tullock, Gordon, 1980, “Rent Seeking as a Negative-Sum Game,” in: J. M. Buchanan, R. D. Tollison and G. Tullock,

Eds., Toward a Theory of the Rent-Seeking Society, Texas A & M University Press, College Station.

Zhang, August, and Sharon Qiao, 2020, “UK: BIPC Releases Report on Damages in Patent Infringement Cases,”

Rouse, https://rouse.com/insights/news/2020/bipc-releases-report-on-damages-in-patent-infringement-cases.

Zingales, Luigi, 2015, “Presidential Address: Does Finance Benefit Society?,” Journal of Finance 70, 1327-1363.

34

https://www.cnbc.com/2019/07/29/how-stock-stock-trading-became-streets-winner-take-all-battleground.html
https://www.cnbc.com/2019/07/29/how-stock-stock-trading-became-streets-winner-take-all-battleground.html
https://www.ft.com/content/7f7d5b86-e834-11e4-894a-00144feab7de
https://www.wsj.com/articles/tech-firms-ramp-up-lobbying-as-antitrust-scrutiny-grows-11572255000
https://rouse.com/insights/news/2020/bipc-releases-report-on-damages-in-patent-infringement-cases

	Baseline Model
	Industry-Wide Technological Progress
	Allocation of resources in equilibrium
	Price of resources
	Firm output
	Numerical illustration
	Generalized environment

	Application: High-Frequency Trading
	Surplus creation and appropriation in an HFT context
	Extended model of market making and front-running

	Conclusion

