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Abstract

Generative Al is a metered intermediate input: concentrated in supply, powered by
imperfectly priced electricity, and substitutable for some labor but not all. Each
feature has its own tax proposal: a token tax, an excess profits tax, an electricity
levy, a robot tax. We embed all four in one task model with Roy sorting across tasks
and free entry into provision, and derive the optimal ad valorem tax on Al usage.
It has three terms, all zero at the Diamond—Mirrlees benchmark. Predistribution
rises with the substitutability of Al for routine labor but is scaled by an exposure
gap that the literature sets to one by assumption and that no plausible grouping
of workers delivers. A Pigouvian term gives the residual external cost as a share
of the pre-tax price, a few percent for a token against sixty percent or more for a
kilowatt-hour at the data center. And a negative market power term is scaled by
three things that halve it relative to its textbook size: the rent share of the markup,
which recurring training costs keep low; the welfare weight on shareholders, which
is pinned by consistency with the weight placed on routine workers rather than
chosen; and the fraction of the correction that free entry dissipates in duplicated
training runs, which the demand system determines. Netting the three, the efficient
wedge on Al usage is at or below zero across almost the whole parameter space,
and above five percent in under one percent of it. The rates under discussion are
an order of magnitude too high. Tax the kilowatt-hour, not the token; the rent, not
the transaction.
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1 Introduction

Generative Al enters the economy as an input to cognitive work. Earlier automation
waves substituted for codifiable tasks, rules that could be written down and handed to
a machine, and this made the incidence question relatively clean. Middle-skill routine
occupations lost ground, and the polarization literature traced the consequences. Modern
systems learn by example, acquire knowledge that resists codification, and scale across
compute instead of across people (Ide and Talamas, 2025). They therefore reach work
that no earlier technology reached, which unsettles the standard account of who loses.

The productivity gains are real and measurable in deployed settings. Their incidence
is not settled. The same model can compress or widen the earnings distribution depending
on whether it advises a worker or replaces one, and firms decide which. Autor (2024) makes
the case for compression. Because Al supplies expert judgment instead of executing rules,
it can extend high-stakes decision work to people who lack the credential for it today,
which would raise wages in the middle of the distribution. Autor and Thompson (2025)
show that the answer depends on whether the technology takes over the low-expertise or
the high-expertise part of a job.

Diffusion is also uneven and shallower than the public discussion suggests. Automating
an automatable task is often not worth the compute it consumes, so adoption stops well
short of exposure. The Census Bureau’s firm survey finds Al in use at 18 percent of firms,
32 percent weighted by employment, and most adopters use it in three or fewer business
functions (Bonney et al., 2026). Two of its findings bear on the case for a robot tax.
Two thirds of firms reporting any task effect report augmentation alone, and Al-driven
employment declines appear at 2 percent of firms; 16 percent of adopters report replacing
existing software or equipment with Al. So far the technology displaces capital more often
than labor.

An input this pervasive, this unevenly adopted, and this ambiguous in its distributional
effect is a poor candidate for an instrument that assumes it knows who loses.

Four proposals to tax artificial intelligence are on the table. A levy on usage, charged
per token or per call. An excess profits tax on the firms that sell it. A charge on the
electricity its data centers consume. And a robot tax, levied on Al because it displaces
workers. Each has a constituency and each has a story, but the four are usually discussed
as variations on a single impulse—that a fast-growing and profitable sector should pay
something—rather than as instruments aimed at different problems.

They are aimed at different problems, and the problems do not point the same way.

A tax on tokens does nothing about the carbon intensity of the grid serving a data center.



A tax on profits does nothing about displacement. And one of the four runs backwards
relative to the others: if Al is sold above marginal cost, it is consumed too little, and
correcting that calls for a lower price, not a higher one. Whether a tax on Al usage should
be positive at all is therefore not obvious, and cannot be settled by adding up arguments
that were each developed in isolation.

The natural benchmark says the answer is zero. Generative Al is an intermediate
input; firms buy it to get tasks done. Diamond and Mirrlees (1971) show that when the
government can tax final goods and incomes optimally, production efficiency should be
preserved and intermediate inputs left untaxed, whatever their distributional consequences
downstream. The benchmark is not wrong. It is conditional, and its conditions are
precisely the four features that make this case interesting: a missing market for the
environmental cost of the electricity, market power in supply, a redistributive motive the
income tax cannot fully serve, and an open economy in which some of the rent accrues
abroad. Each is a reason the benchmark might fail. None of them has been priced against
the others in a single model.

This paper builds that model and prices them. Al is a metered service produced
from compute and electricity by a sector with a markup, and used in a subset of tasks
that would otherwise be performed by labor. Workers sort across tasks on comparative
advantage. Entry into provision is free but requires a large fixed cost, so the number of
providers responds to policy. The government has a linear income tax, a usage tax on Al,
a cash flow tax on provider rents, and a Pigouvian charge at the data center meter, and
it cannot tag workers by type.

The optimal ad valorem tax on Al usage is the sum of three terms, one for each

coherent argument in the debate:

7 = predistribution +  Pigouvian = — market power .
A ~~ g A ~~ A ~~ g
wage compression external cost / price underprovision

All three vanish at the Diamond-Mirrlees benchmark, and each is a sufficient statistic
that can in principle be measured. Three findings follow.

First, the externality is real but it 1s on the wrong base. The uninternalized external
cost of a unit of Al is a few percent of the price of a token, dominated by unpriced carbon.
The same cost expressed per kilowatt-hour at the data center is sixty percent or more
of the price of that electricity. The ratio of harm to value also varies by an order of
magnitude across workloads—a short text query and an agentic task differ hundredfold

in energy per unit of delivered value—so no single ad valorem rate on usage can track



the harm, whereas a per-kilowatt-hour charge tracks it by construction. Pricing at the
meter also reaches an efficiency margin that a usage tax cannot touch, which is where the
observed order-of-magnitude improvements in energy per token have come from.

Second, the redistributive case is weaker than the robot-tax literature implies, for a
reason that literature cannot express. That literature identifies the group a planner wants
to protect with the occupation the technology reaches. Doing so fixes at one what we call
the exposure gap: the difference between two groups’ shares of employment in exposed
tasks. Modelling task assignment as a Roy choice makes the exposure gap a parameter
rather than a convention, and no plausible grouping of workers delivers a value near one.
Carrying it explicitly cuts the redistributive term to roughly a fifth of the conventional
figure. It also reverses a comparative static. The dispersion of comparative advantage is
not a mobility parameter: it governs sorting and switching simultaneously and in opposite
directions, so a world in which the losing group is sharply identifiable is a world in which
nobody is near the switching margin. Perfect sorting is perfect segregation, and the
two-type model is the limit of high dispersion rather than its opposite.

Third, the market-power term is negative, but about half the size the textbook expres-
sion gives it. Three scalings that the literature suppresses cut it. Only the pure rent in
a markup signals underprovision, and at the frontier most of the markup recovers train-
ing costs that recur rather than having been sunk once. The marginal unit of foregone
output is entirely provider profit, so the term is a transfer to shareholders and must be
weighted as one—and a model that values a dollar to a routine worker above the average
cannot value a dollar to a frontier-lab shareholder at the average. And with free entry,
part of any correction to underprovision is dissipated in the fixed costs of the entry it
induces; we derive that share in closed form rather than assume it, obtaining one under
linear demand and a quarter under the constant-elasticity demand our own structure gen-
erates. The shareholder weight is derived too, from the requirement that it be consistent
with the weight the same planner places on routine workers—a discipline that turns out
to cut against the argument, since a planner only mildly averse to inequality discounts
shareholders only mildly.

Netting the three, at our central calibration the efficient wedge on Al usage is about
minus five percent, and across the full parameter space it is negative in ninety percent of
draws, above five percent in under one percent, and above ten percent in none. Whatever
the sign, the debate is conducted over a rate an order of magnitude larger than anything
the model supports. That is the robust finding. The negative sign is the fragile one, and a

reader who rejects it should note that setting the market-power term to zero altogether—



on the ground that underprovision is the rent tax’s problem and not the usage tax’s—does
not deliver a usage tax worth legislating, but a wedge of four and a half percent at most.

One affirmative argument for a usage tax survives, and it is the one least often made.
Compute is mobile: a unilateral charge on data center electricity relocates load rather
than abating it, and a destination-based levy on Al consumption is the backstop that
prevents this. That argument is about leakage, not about robots or rents, and it rests on
a parameter nobody has estimated.

A sufficient-statistics expression can be read two ways and we mean the weaker one.
The strong reading is a menu of legislation. The weak reading is a diagnostic: it says
which measurements would change the answer, and which would not. On that reading
the paper’s practical contribution is a short list. The share of provider revenue absorbed
by recurring training and capacity investment decides both how much rent a cash flow
tax can reach and how large the market-power correction is, so it decides between the
two live positive proposals; it is an accounting quantity a disclosure rule could produce.
The exposure gap decides the size of the redistributive term and has never been reported,
because it is set to one by assumption. Neither requires new econometrics.

The paper sits at the intersection of four literatures and takes something from each.
From the theory of intermediate-input tazation we take the Diamond—Mirrlees benchmark
and the two classical routes around it: Naito (1999), where restricted instruments and
endogenous wages break production efficiency, and Sandmo (1975), whose additivity of
Ramsey and Pigouvian terms is the structure of our main result. Scheuer and Werning
(2016) show that in exactly the assignment and Roy models we use, general-equilibrium
wage effects wash out of the optimal nonlinear income tax, so our redistributive term
should be read throughout as an upper bound generated by a restricted instrument set.

From the optimal tazation of automation we take the robot-tax formulation of Costinot
and Werning (2023), Thiimmel (2023) and Guerreiro et al. (2022), whose routine and non-
routine occupational choice is closest to our own, and depart from all three on the exposure
gap as described above. Rothschild and Scheuer (2013) supply the template for optimal
taxation with Roy sorting.

From the economics of AI and energy we take the positive facts—International Energy
Agency (2026), Shehabi et al. (2024), Luccioni et al. (2024) on load and energy per
query, and the contested evidence on grid cost allocation—and supply the normative half,
which is largely missing. From the tazation of the digital economy we take the design of
destination-based and cash flow instruments (Auerbach and Devereux, 2018) and offer a

distinction current practice blurs: a cash flow tax on rents and a turnover tax on revenue



are not variants of one instrument but opposites, one neutral and one distortionary, and
what gets legislated is usually the second.

To the industrial organization of taxation we contribute two results we have not seen
stated for this setting. With free entry and fixed costs, an ad valorem tax on a concen-
trated sector raises the equilibrium markup, and we derive the amplification in closed
form; in a sector where fixed costs run to billions and marginal costs to fractions of a
cent, the tax meant to fall on incumbents partly protects them, which yields a testable
political-economy prediction about who should be expected to support it. And the neg-
ative market-power term in every formula of this kind is scaled by the three quantities
described above, whose product is under a third.

Section 2 sets out the four claimed departures from the benchmark and the evidence
for each. Section 3 presents the model and derives the optimal usage tax. Section 5
reads the three terms in turn, which is where the exposure gap, the entry offset and
the ownership weight are derived, and where the negative sign is explained. Section 6
calibrates. Section 7 scores the four proposals against each other on revenue, distortion,
incidence and administrability, and asks why the worst instrument is the one most often

proposed. Section 8 concludes. Proofs and extensions are in the appendices.

2 Four claimed departures from the benchmark

The case for treating Al differently from any other intermediate input rests on four claims.
Each corresponds to a condition of the production efficiency theorem, and each is a claim
about the world rather than about the model, so we state the evidence for each before

building anything on it.

A missing redistributive instrument. Governments cannot observe whether a given
worker is a substitute or a complement for Al, so they cannot levy a tax that depends on
it. When exposure is unobservable, the income tax cannot condition on the margin along
which AT redistributes, and a wedge on the input becomes a second-best substitute—the
Naito (1999) channel. This is the robot-tax argument, and it is the oldest and least
contested of the four. Its force depends on how imperfect the income tax is, and Section

5.3 shows the term collapses to zero under a fully nonlinear schedule.

A missing market. The electricity data centers consume carries two costs its price does

not fully reflect. The first is environmental. At a social cost of carbon of $190 per ton (U.S.



Environmental Protection Agency, 2023) and a grid intensity of 0.4 kg per kWh serving
U.S. data centers (International Energy Agency, 2025), unpriced carbon damage alone
is roughly $0.076 per kWh where no carbon price applies—close to the entire industrial
electricity price of about $0.08.

The second is grid cost shifting. Under cost-of-service regulation a utility recovers costs
across customer classes on the principle of cost causation: each class should pay for the in-
frastructure built to serve it (Borenstein and Bushnell, 2022). Large new loads that require
transmission upgrades and generation capacity strain that principle, because the incre-
mental cost is lumpy and the allocation rules were not written with hundred-megawatt
single customers in mind. Whether shifting has actually occurred is genuinely disputed—
Energy and Environmental Economics (E3) (2026) finds large-load tariffs largely recover
incremental cost, while Jacobs (2025) and Monitoring Analytics (2025) find substantial
socialization—and Section 6 carries the wedge v as a free parameter over [0,0.03] per
kWh rather than taking a side. Figure D.2 shows the level conclusion survives the whole
range, because carbon dominates; what v governs is the distributional character of the

status quo, which is the subject of Section 6.5.

Market power in supply. Frontier model provision is a natural oligopoly. Training
a frontier model costs hundreds of millions to billions of dollars and the cluster required
is comparable; marginal cost per token is fractions of a cent. Reported gross margins
on frontier inference run to fifty or sixty percent, implying a markup around 2.5 against
an economy-wide 1.25 (De Loecker et al., 2020). A good sold above marginal cost is
consumed too little, which is the claim that runs opposite to the other three. Section 5.6
shows how much of that markup is genuine rent rather than fixed-cost recovery, and how

much of the resulting correction survives free entry.

Foreign ownership of the rents. Those rents accrue disproportionately to sharehold-
ers in a small number of countries. For a jurisdiction that imports Al services, a tax on
usage is partly a tariff that shifts rent across the border, and the optimal-tax calculus
differs accordingly. This is why ownership rather than technology turns out to set the

sign of the optimal wedge.

2.1 What makes Al different from steel

An input tax needs a reason, and production efficiency says the default reason is none.

So why does compute clear the bar when a lathe, a truck, or a ton of steel does not?



Three features do the work, and it is their combination rather than any one of them that
is unusual.

The externality is badly matched to the value of the good. Where abatement is possible
at the point of harm, a tax on the input is a poor instrument for any externality, which
is the standard targeting principle. What is unusual here is the dispersion of the harm-
to-value ratio. Energy per query varies by more than two orders of magnitude across
workloads, from a short text completion to an agentic task, while price varies far less,
so the ratio of external cost to price differs several-fold across the queries a single ad
valorem rate would cover. A ton of steel is a ton of steel; a token is not a token. Section
6 quantifies this.

The externality is spatially discretionary in the extreme. A steel mill’s emissions are
tied to where the mill is, and the mill is where the ore and the workforce are. An inference
request can be served from anywhere with power and fibre, at a latency cost measured
in milliseconds. The elasticity of the location of the harm with respect to a local charge
is therefore far higher than for any conventional polluting activity, which is what makes
leakage a first-order concern and motivates the destination-based backstop of Appendix
B.3.

Al is an unusually clean case of a factor-replacing input. A truck complements a driver
and a lathe complements a machinist. Generative Al is sold explicitly as a substitute for
cognitive labor, which is what gives the redistributive claim its purchase and what the
task structure of Section 3 is built to represent.

None of the three is unique to Al taken singly. Electricity has unpriced carbon; pharma-
ceuticals have market power; imported goods carry terms-of-trade considerations. What is
unusual is their coincidence in one input, and that coincidence is why the four arguments

have to be priced against each other rather than in turn.

3 Model

3.1 Environment

Tasks and production. A single final good Y is produced competitively from two task
bundles. A share A € (0,1) of production value comes from automatable tasks, in which

Al and routine labor are substitutes. The remaining share comes from non-automatable



tasks, performed by non-routine labor. With X4 and X}, the two bundles,

o

o—=1 o—171 5=
Y = AXAXIA X, = [BLR" Y 1-8)dF"T Xu o= Ly, (1)

where a is Al services, Ly and Ly are routine and non-routine labor, and A is a constant.’
Write ¢ for the buyer price of Al relative to the routine wage, c4 for the unit cost of
the automatable bundle, and
qa (1—-pB)7¢'° dlns

5 = X = Gt (=g so that dlng = —(1=s)(c—1), (2)

for the Al cost share within that bundle. Exposure, the share of national income spent
on Al is 6 = As.

The elasticity o is the central technological parameter: values above one make Al a
gross substitute for routine labor within the automatable bundle, which is what gives the
displacement concern its content, and o = 1 shuts the redistributive channel entirely. It
is also the parameter we know least well, so Appendix D.1 reports every result across
o € [1.2,3]. The outer Cobb-Douglas nest is not innocuous either, and Lemma D.1 in

Appendix A records what changes when it is relaxed.

The AI sector. Al services are supplied by a sector with market power. One unit
requires compute at resource cost my and e kilowatt-hours of electricity at the price p,
paid by data centers. Providers also choose an efficiency level £ > 0, which stands for
chip generation, model architecture, serving stack, cooling, and the carbon intensity of
the site. Efficiency lowers energy per unit, e = e(§) with ¢/ < 0 and ¢” > 0, at a resource

cost (&) with ¢’ > 0 and ¢” > 0. Marginal cost and the efficiency choice are

m(&) = mo+ (&) + pee(§), ¢'(€) = —pee(§) (3)

The second condition is the engine of the targeting result below. The efficiency margin
responds to the price of energy and to nothing else. It does not respond to the price of
Al output.

Providers are an oligopoly: n symmetric firms with the constant marginal cost m(&) of

(3) and a fixed cost F' covering the training run and the compute cluster. They compete

!The Cobb-Douglas outer aggregator is for transparency: it fixes the value shares of the two bundles
and lets every result be stated in cost shares. A CES outer nest changes magnitudes but not structure;
Lemma D.1 bounds the correction.



in quantities, so the equilibrium buyer price carries a markup over marginal cost,

Oq

00— 1/n > 1, (4)

p=pm)L+ty), p=
decreasing in n. Entry is free, so n adjusts until profit is zero; Section 5.5 shows this makes
i a function of the tax rather than a parameter, which is where the entry amplification
comes from.

The markup requires interpretation, and getting it wrong is what makes the market-
power debate go in circles. A firm that charges above short-run marginal cost is not
thereby earning rent: with a large fixed cost F, free entry drives profit to zero and the
entire margin recovers F. Only the part of the markup in excess of fixed-cost recovery

signals underprovision, so we write

.= pure rent_per unit € [0,1] (5)
(k—pm)m

for the pure-rent share of the excess markup, measured against the economy-wide markup
i1 rather than against marginal cost. Section 5.6 shows that r is not a free parameter but
the complement of the share of revenue absorbed by recurring investment, and that it
therefore governs the rent tax and the market-power correction jointly.

Because the same sector must deliver both the targeting result and the entry result, we
fix one market structure and use it throughout rather than switching between a monopolist
for one argument and free entry for another. Appendix C.4 records what this buys and

what it costs.

Externalities. Electricity for Al produces carbon at intensity ¢ kg per kWh, valued at
social cost 0, and its delivery causes capacity and transmission costs of which a portion
per kWh is recovered from other ratepayers rather than from the facility. Write d = 0+~
for the residual external cost per kilowatt-hour net of any carbon price already in force,
and D = de(§) for the external cost per unit of Al. Two features of d matter. It is defined
per kilowatt-hour, not per unit of output, so the mapping to a usage tax runs through
e(§) and therefore through an endogenous object.

The second feature is the hinge of the targeting argument. There are two distinct
margins by which the external cost of a unit of Al can fall: the scale margin, fewer units
bought, and the efficiency margin, fewer joules per unit. A wedge on output reaches only
the first. A charge on energy reaches both, because it enters the provider’s marginal cost

through p.e(§) and so changes the efficiency ¢ that minimizes it. This is why Proposition

10



3 is not merely the standard targeting principle restated: the instruments differ not only

in precision but in the set of margins they can touch at all.

Households: types are ex ante, tasks are chosen. We depart here from the two-
type structure used in most of this literature, and the departure changes the object welfare
weights attach to. If workers are permanently assigned to tasks, “routine worker” is a
type and a welfare weight can be attached to it. If workers sort across tasks in response
to wages (which is the empirically relevant case, and the one Section 5.4 takes seriously)
then “routine worker” is an outcome, its membership moves when the tax moves, and a
welfare weight attached to it is not a well-defined object. We therefore put the sorting
margin in the primitive model and define welfare on the objects that do not move.

There is a unit mass of workers, divided into two ex ante groups ¢ € {1,2} of equal
mass. A worker of group i draws task-specific efficiencies (zg, zx) independently from a
Fréchet distribution with shape x > 0 and group-specific scales A;g, A;n, and supplies
her labor to the task with the higher return, so the wage she commands is max; A;;z;w;.
Groups differ only in comparative advantage,

QEID@ —ln% > 0, (6)
Ay Aan

so group 1 is the group with comparative advantage in the tasks Al reaches. Group
membership is the primitive: it is fixed, unobservable, and untaggable. Occupation is not.
Hours are supplied with elasticity ey,.

Two objects follow from the Fréchet assumption and carry the whole distributional

analysis. The share of group ¢ working in routine tasks and the group’s expected wage

index are
(AZ'R’LUR)H 1 1/k
lip = : Wy =T(1-+ [Ai "+ (A o, (7
" (Airwgr)® + (Ainwn)* ( H) (Aigwr)” + (Aivwy) (7)
and differentiating W; gives the statistic that replaces “the routine wage”:
W1 WR
dlnW,; = ligdInwgr+(1—¢;g)dInwy, hence dan = Aydln —, Ay = lip—Vap.
2 WN

(8)
Equation (8) is an envelope result: the marginal switcher is indifferent between tasks, so
reallocation has no first-order welfare effect and the entire burden of a relative task-wage
movement falls on inframarginal workers, in proportion to the share of the group that

is exposed. We call A, € [0,1] the exposure gap. It is the fraction of a relative task-
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wage movement that survives as a relative movement between the two groups the planner

actually cares about, and it is in principle measurable.

Government and instruments. The government levies a linear income tax 7 with a
lump sum transfer and cannot condition either on group. It also has access to a usage tax
ty, a cash flow tax z on the supernormal profits of providers, and a Pigouvian charge tg
per kilowatt-hour at the data center. Social welfare is Bergson—Samuelson with weights g;
defined on ex ante groups, and we write §; = g, —g for the excess weight on group 1 relative
to the income-weighted average, normalized so that a uniform proportional change in all
wages has no first-order distributional value. Because the weights sit on groups rather
than on occupations, they are invariant to the reform, and the normalization ), ¢; W; =0
holds before and after.

We assume throughout that 7 is set optimally. This permits the envelope argument of
Lemma 3: a reform that raises all wages proportionally has no first-order welfare effect,
because the income tax has already been adjusted to the point where the marginal value
of redistribution equals its marginal cost. Only the relative wage movement survives into
the optimal-tax formula, which is what makes the predistribution term a statement about

the wage gap rather than about the wage level.

Assumption 1 (Restricted instruments). The government cannot tag workers by ex
ante group, cannot observe the Al intensity of individual jobs, and is restricted to a linear

income tax, so it cannot implement a schedule that separates groups perfectly.

3.2 Equilibrium and comparative statics

All proofs are collected in Appendix A.
Factor payments follow from (1). The automatable bundle receives AY', of which a
share 1—s goes to routine labor and s to Al; the non-automatable bundle receives (1—\)Y,

all of it to non-routine labor:
wrLr = A1 —5)Y, wyLy =(1—-M\)Y, qga=AsY =0Y. 9)

Lemma 1 (Exposure). A small increase in the buyer price of Al reduces real output at a
rate equal to the Al cost share: dlnY/dlng = —0 = —\s.

Lemma 1 imposes a useful discipline. Because exposure is small, both the output cost
of a usage tax and its revenue are small. Whatever the case for such a tax, it is not a

fiscal case, and Section 6 puts numbers on this.
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Lemma 2 (Relative wages and the mobility elasticity). Let € denote the elasticity of

relative task labor supply to the relative task wage generated by reallocation. Then

dIn(wr/wy)  s(oc—1)

= = k(1 —A7}).
1lng —t and under (7) E = x( 7

A higher price of AI compresses the task wage gap if and only if AI and routine labor are

gross substitutes, and the compression is damped by hours adjustment and by reallocation.

The identity £ = r(1—A2) is the hinge of everything that follows. The Fréchet shape x
is not “mobility”: it governs the dispersion of comparative advantage, and so determines
both how sharply groups sort into tasks and how much probability mass sits near the
switching margin. These pull opposite ways, and Section 5.4 works out the consequence,

which is that the fixed-assignment two-type model is the limit x — oo rather than k£ — 0.

Corollary 1 (The labor share). Aggregate labor income is (1—0)Y, and dIn(1—6)/d1Ing =
As(oc — 1)(1 —s)/(1 — As) > 0 if and only if 0 > 1. Cheaper Al lowers the labor share

when Al and routine labor are gross substitutes.

Finally, the own price elasticity of Al demand combines the within-bundle substitution

effect with the scale effect of Lemma 1:

dl
O = — dlna = o0(l—s) + s+60 ~ o when s,0 are small. (10)
e substitution scale

Two results are needed before the tax formula, because each underpins a step that is
otherwise a leap. The first makes precise the sense in which the income tax neutralizes
the common wage movement. The claim is often asserted; here we state exactly what it

requires.

Lemma 3 (Envelope neutrality of the common wage component). Suppose the govern-
ment sets the linear income tax (1, T) optimally, worker preferences are weakly separable
between consumption and labor, and the wage response to a reform of ty decomposes into
a common proportional component dlnw and a relative component dIn(wg/wy). Then
the common component enters welfare only as a change in aggregate real income, valued
at the marginal cost of public funds and already recorded on the resource side of the re-
form through dInY; it carries no first-order distributional value, because at the optimal
linear tax the income-weighted average welfare weight equals that same shadow value. The

distributional value of the reform is therefore carried entirely by the relative component,
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weighted by the excess weight §,. If instead the reform changes a moment of the earnings
distribution that a linear tax cannot replicate, a residual common-component term of order
(dInw) - Cov,(g;, rank;) survives, and the shortcut is exact only when that covariance is

ZEro.

The decomposition into a common and a relative part is a property of the technology
rather than an assumption: with constant returns and competitive factor markets each
wage equals its marginal product, and a Cobb-Douglas or CES task structure makes
any shock resolve into a term that scales all marginal products together and a term that
tilts them. The same structure underlies the general-equilibrium incidence analysis of
Sachs et al. (2020), and the neutrality of the common component under an optimal linear
tax is the Naito-Saez logic (Naito, 1999; Saez, 2004), itself a linear-tax specialization of
Stiglitz (1982). The shortcut is not free: it holds exactly when the income tax spans
the distributional content of the common wage movement, which for a linear tax means
a proportional shift that 7 and 7" can undo. A technology that fattens one tail of the
earnings distribution violates this, and the residual term the lemma isolates is what a
richer nonlinear analysis would carry. We flag at each use that the shortcut rests on
Lemma 3 and is exact only under its covariance condition.

Exposure also cancels for reasons that do not depend on the Cobb-Douglas outer
nest. Lemma D.1 in Appendix D.8 replaces it with a CES aggregator of elasticity n and
shows the predistribution term is multiplied by 1+ (n — 1)¢ with ¢ = O(), so at the
observed exposure the correction is below two percent of the term for any n € [0.5,2].
The cancellation is exact to first order and accurate to second; we use Cobb—Douglas in

the body for readability and rely on the lemma for generality.

3.3 The benchmark

Proposition 1 (Production efficiency). Suppose there are no externalities (d = 0), the
Al sector is competitive, and the government can tag worker types, so that Assumption 1
fails. Then t;; = 0. Any revenue raised by a tax on Al purchases can be raised at strictly

lower welfare cost by income and final good taxes.

Proposition 1 is the right starting point and it is frequently forgotten. A usage tax
distorts the choice of how to perform a task, raises the cost of every unit of output that
uses Al, collects revenue on a base that is currently trivial, and buys nothing that the

income tax cannot buy more cheaply. Every argument for such a tax must therefore be

14



an argument that one of its hypotheses fails. There are exactly three ways for that to
happen here, and the next section prices each of them.

One hypothesis deserves naming rather than leaving implicit, because the entire pre-
distribution term rests on it. Assumption 1 restricts the government to a linear income
tax, and that restriction is what makes the general-equilibrium wage response something
the planner wants to manipulate—the Naito channel. It is not harmless. Scheuer and
Werning (2016) show that in exactly the assignment and Roy models we use, general-
equilibrium wage effects wash out of the optimal nonlinear income tax, which reverts to
its fixed-wage Mirrlees form, and production efficiency is restored. Read through that
result, our predistribution term measures not a feature of the technology but how far the
income tax falls short of the nonlinear optimum. We keep the linear restriction because
it describes most real tax systems’ capacity to target occupational exposure, and because
it is the assumption most favorable to the instrument we argue against. But the term

belongs in the right category: an upper bound generated by a restricted instrument set.

4 The optimal tax on Al usage

Consider a marginal reform dt;;, with the income tax adjusted to balance the budget and
set optimally. Welfare in money metric moves for four reasons. Firms adjust their Al use,
and each unit they no longer buy had a private value ¢ but a social resource cost that
must be counted carefully: the short-run resource cost m, plus the fixed cost the unit
helps defray, less the pure rent it embeds. The rent is a transfer, domestic or foreign, not
a resource saving, so only the rent portion of the markup drives a wedge between private
and social value on this margin. Each unit also carried an external cost D. Relative
wages move, which has distributional value because types cannot be tagged. All purely
mechanical transfers cancel, and by the envelope theorem, whose scope we make precise in
Lemma 3, the common component of the wage response has no first-order distributional
effect; its efficiency value is the change in aggregate real income already recorded by
Lemma 1, so it is booked once, on the resource side, and not again in the distributional

term.

Proposition 2 (The optimal usage tax). Under Assumption 1, with the income tax set
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optimally and market structure fized, the optimal ad valorem tax on Al purchases satisfies

1—7)g1A¢(0c—1)(1—5 D [i
(I+eL+8&) oy p f
A ~~ ~/ N~~~ ~ /
predistribution, Q/p Pigouvian market power (rent only)

where [ is the markup prevailing in the rest of the economy, r is the pure-rent share of
the AI markup from (5), A, is the exposure gap of (8) and & = k(1 — A2) the reallocation
elasticity of Lemma 2. When s and 0 are small, o, — o and the first term simplifies
to (1 —=7)nAe(o —1)/[o(1 + e + E)]. The two-type fixed-assignment formula obtains at
Ar=1,E=0.

Each term answers a different question in the debate.

The predistribution term. This is the robot tax. It is the product of three things, and
separating them is the main analytical payoff of putting the Roy structure in the primitive
model. It is proportional to the excess welfare weight g, on the group the planner wants
to help, which is a normative parameter. It is proportional to the exposure gap Ay, which
measures how much of a relative task wage movement survives as a relative movement
between the groups the planner cares about, and which is a measurable feature of the
sorting pattern rather than a modelling convention. And it is proportional to (o — 1), so
it vanishes at ¢ = 1, since a change in the price of Al then leaves the routine wage share
of the automatable bundle unchanged. It is damped by the labor supply elasticity and
the reallocation elasticity, because workers then absorb part of the shock in hours and
in switching rather than in wages, and by the net of tax rate, because the income tax
already absorbs part of any wage movement.

The literature almost universally sets A, = 1 by identifying the losing group with the
occupation. That is not a conservative simplification but the corner of the parameter
space that maximizes the term, and it asserts that every member of the disadvantaged
group works in an exposed task and no member of the advantaged group does. Section
5.4 shows what replaces it and Section 6 shows that, of the three factors, the exposure

gap is the tightest.

The Pigouvian term. The corrective component is the residual external cost as a
share of the pre-tax price, exactly as in Sandmo (1975). It is not the external cost as a

share of the electricity price, and that distinction does the analytical work in Section 6.
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It also depends on the provider’s efficiency choice through D = d - e(£), and Proposition

3 shows that the usage tax cannot move &.

The market power term. This term is negative and the largest of the three, so most
of the argument about the sign of the optimal tax is an argument about it. As written it is
also an overstatement, for three reasons developed in Section 5.6; the reader should hold it
loosely until then. We note here only the first, which is the correction the debate usually
misses. The term is negative only to the extent the markup is rent rather than fixed-cost
recovery, and the factor r does that work. If the markup merely covers the fixed cost
of training frontier models then r — 0, the term vanishes, and there is no market-power
case either way: the good is priced at its full social cost of production, fixed cost included,
and is not underprovided in any sense a planner should want to fix. Only genuine rent
signals underprovision. Section 5.6 adds the other two scalings—the welfare weight on
shareholders, and the share of any correction that free entry dissipates—which together

with r bring the term to under a third of its face value.

Does the formula call for a subsidy, and why does ownership matter? Both
questions have clean answers and both are developed in Section 5.6, but the second is
worth previewing because it looks paradoxical. If the problem is that a concentrated sector
produces too little, ownership should seem irrelevant to the remedy. It is not, because
the marginal unit of foregone output is worth p to a buyer who pays p: her surplus on
it is zero, and the whole of the wedge m accrues to the provider. The market-power
term is thus not a consumer-surplus correction but a statement about the social value
of provider profit—and profit accruing abroad is not part of domestic welfare. At f =1
underprovision has not stopped; its cost is simply borne by someone the domestic planner

does not weight.

Corollary 2 (Ownership and the sign of the tax). 0t},/0f = r (1—ju/u) > 0. An economy
that imports all of its AI from foreign providers (f = 1) facestl; = (1—=7)1A¢(c—1)/[o(1+
e + &)+ D/p > 0, while an economy that owns its providers (f = 0) faces a strictly
lower rate, negative whenever the rent-adjusted excess Lerner index r(1— /) exceeds the

other two terms.

Corollary 2 rationalizes an observed asymmetry. Jurisdictions hosting the frontier labs
are hostile to taxing Al usage; jurisdictions importing Al services are actively legislating
digital levies. The model says both are behaving as the formula prescribes: for the

importer the market-power term is absent, since the rent it would recover accrues abroad,
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and the remaining terms are positive. That is a terms-of-trade argument rather than
an environmental or redistributive one, and it should be defended as such—which also
means it is a beggar-thy-neighbour policy in the standard sense, and would not survive a

cooperative solution.

Remark 1 (Tax base erosion is not an argument). It is often argued that AI must be
taxed because it shrinks the labor income tax base. Corollary 1 confirms the premise and
Proposition 2 rejects the inference. The mechanical revenue loss from a smaller labor share
is not a first-order welfare loss: the government raises 7, at a marginal cost of public funds
already reflected in the optimal 7. A tax base is not a policy objective. What matters
is who is made worse off, and that is what the term in ¢; measures. The base erosion

argument is a distributional argument wearing a fiscal costume.

5 Reading the three terms

Proposition 2 gives three terms and says nothing about how large they are or why one
of them is negative. This section takes them in turn. The organizing idea is instrument
assignment: each of the three problems the debate raises has an instrument built for it,
and the question for the usage tax is what remains once those instruments are doing their
work. Sections 5.1 to 5.3 make the assignment. Sections 5.4 and 5.6 then derive the two
results that shrink the terms most—the exposure gap on the redistributive side, and the
ownership weight and entry offset on the market-power side—and explain the negative
sign that the last of them produces.

Proposition 2 describes the second best when the usage tax is the only instrument. It
is not. This section shows that each term in (11) has a better instrument, then develops
three extensions that the static formula omits and that change the answer in the same

direction.

5.1 Emissions belong on the emissions node

The general principle is Kaplow (2012): when an income tax is available, the corrective
instrument should be set at the Pigouvian level on the externality itself and the distribu-
tional consequences handled by the tax and transfer system, rather than folded into the
corrective rate. What the following proposition adds is that in this setting there are two

externality margins, not one, and only one instrument reaches both.
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Proposition 3 (Targeting, with an efficiency margin). Let tg be a charge per kilowatt-
hour at the data center. Setting tp = d implements the first best on both the scale and the
efficiency margins and drives the Pigouvian term in (11) to zero. A usage taz set to D/p

replicates the first best on the scale margin only. The welfare gap per unit of Al is

A = o) + b+ d)ele”)] = |0(€)+ P+ de()] = 0,

where £° denotes the efficiency level satisfying the second condition in (3), the first-order
condition ¢'(§) = —pe €' (§), evaluated at the energy price p., and £* the level satisfying
that same condition when the perceived energy price is p. +d. The gap is strictly positive

whenever any efficiency response is technically possible.

The efficiency margin is not a curiosity. It is where most of the action has been. Energy
per query has fallen by roughly an order of magnitude in three years through better chips,
better serving stacks, and smaller distilled models, and the carbon intensity of a query
varies by a factor of several across grids. A tax on tokens is neutral with respect to all of
it.

Corollary 3 (Location). With heterogeneous grid intensities (; across sites, a uniform
usage tax applies the same wedge to a query served from a clean grid and one served from
a coal grid. An emissions charge applies wedges in the ratio (;/(;. The usage tax cannot

implement the efficient allocation of load across sites at any positive rate.

A note on tax form. Everything above concerns the tax base—energy versus the value
of Al output—and is separate from the question of tax form, ad valorem versus specific.
The two interact, because under imperfect competition the choice of form affects pass-
through and the equilibrium markup. Appendix B.1 shows that the targeting conclusion
is unaffected: a specific levy per token is a better instrument than an ad valorem one on
several margins, but both are levied on a base that is the wrong physical quantity, and

no choice of form repairs a base that mistracks the harm by an order of magnitude.

5.2 Rents belong on the rent

Proposition 4 (Neutrality of the rent tax). A cash flow taz at rate z on supernormal
profits, with immediate expensing and full loss offset, leaves the provider’s first order
conditions for price, quantity, and efficiency unchanged. It raises zI1 with zero first-order
deadweight loss and strictly dominates any usage tax raising the same revenue whenever
o4 > 0.
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Proposition 4 does not reduce the markup and so does not remove the negative term in
(11). Tt transfers rent to the treasury without changing the allocation, which is a different
question from the one Proposition 2 answers. Proposition 2 asks what wedge belongs on
the transaction, and finds that genuine rent argues for a lower one; Proposition 4 asks
how to collect the rent itself, and finds an instrument that collects it without moving any
wedge at all. The two are complements: the rent tax raises revenue from the same rent
whose existence made the usage tax look worse.

None of this is new as a matter of tax design, and the paper is stronger for saying so.
Cash flow bases with expensing and full loss offset are the standard neutral instrument
(Auerbach and Devereux, 2018), and the contribution here is the mapping to this sector:
the base is the excess of revenue over expensed cost, the sunk compute stock cannot flee,
and the elasticity that makes the usage tax expensive is absent by construction. The
known failure mode is political rather than technical. What gets legislated is typically a
levy on gross revenue—a digital services tax—which falls on turnover rather than cash
flow and so lands on marginal as well as inframarginal units. A revenue tax and a cash flow
tax are not variants of one instrument but opposites: one distorts the quantity margin
exactly as a usage tax does, the other does not.

One caveat matters in practice: neutrality requires that the base be economic rent

and not the normal return.?

5.3 Redistribution belongs on the income tax

Corollary 4 (When predistribution is worth nothing). If the government can implement
a nonlinear income tax that separates groups, or can tag on any variable correlated with
group membership at low cost, then at the optimum g, — 0 and the predistribution term
vanishes. The same conclusion follows without tagging if the income tax is unrestricted,
by Scheuer and Werning (2017).

The predistribution term is a statement about missing instruments, not about tech-
nology, and there are three independent routes to zero. Tag, or use a nonlinear schedule,
and §; collapses. Or, without tagging, Scheuer and Werning (2016) show that in a Roy
economy the general-equilibrium wage channel is not a lever a fully optimizing income tax
wants to pull, because the schedule already prices every earnings level at which the wage

change lands. Or wait: Guerreiro et al. (2022), in a model with routine and non-routine

2A tax on gross revenue, which is what most digital services taxes actually are, is a usage tax in
disguise and inherits every one of its distortions. The distinction between a revenue tax and a cash flow
tax is the distinction between Proposition 2 and Proposition 4, and it is not a detail.
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occupational choice close to ours, find a positive robot tax survives only while the cohort
that cannot retrain is still working. Any Al tax justified on this basis is transitional by

construction and should be legislated with a sunset.

5.4 The predistribution term: mobility and identification are

one parameter

Section 3 put the sorting margin in the model rather than bolting it on, and this subsection
collects what that buys. The question it answers is the one the robot-tax literature usually
settles by assumption: how much of the predistribution term survives when workers can
move?

The intuitive answer is that mobility damps the term. A fall in the routine wage
induces exit from routine tasks, which raises the routine wage back toward where it
started; in the limit of frictionless reallocation, relative task wages cannot be moved at all
by an input tax and the term is zero. That argument is correct about task wages and it
is the reason £ appears in the denominator of (11). It is incomplete as a statement about

welfare, and the incompleteness reverses a comparative static.

Proposition 5 (Mobility and identification are jointly constrained). Under the Roy struc-
ture of (7), the predistribution term is
Q_ (1-7)aA (0 -1 ~5)

i A, = tanh(Z2).
D (I+er+r(l—A2)) o, ¢ anh ()

Then, holding the comparative-advantage gap o fixed:

(i) the reallocation elasticity € = k(1 — A2) is hump-shaped in k, with € — 0 as k — 0

and as Kk — 00;
(ii) the exposure gap A, is strictly increasing in K, from 0 to 1;

(i1i) consequently /p is strictly increasing in k, from zero at k = 0 to the fized-assignment
value at k — oo, and this holds for every o > 0 without further restriction. The

two-type model of the robot-tax literature is the kK — oo limit, not the k = 0 limit;

(iv) for any fized measured exposure gap Ay < 1, the term is bounded above by A, times
its fized-assignment value, with equality only if kK = 0, which is inconsistent with
Ag > 0.
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Figure 1: Proposition 5 drawn. Left: eliminating x between A, = tanh(kg/4) and £ = k(1 — A%) leaves
the frontier £ = (4/0)(1 — A?) artanh(A,), which is single-peaked and vanishes at both ends. Everything
above a curve is unavailable at that comparative-advantage gap. The robot-tax case implicitly wants a
sharply identified group of losers together with slow reallocation, so that the wage effect is not competed
away. That is the top-right corner, where the frontier collapses to zero. Widening p shifts the whole
frontier down, so the two objects cannot be improved together by appeal to the horizon either. Right: why
part (iil) inverts the usual comparative static. Raising k speeds reallocation, but it also sharpens sorting,
and the second effect dominates. £ is hump-shaped and eventually falls, A, rises monotonically toward
one, and Q/p therefore rises in x throughout, approaching the fixed-assignment value of 7.3 percent
instead of falling to zero. A reader who raises k to damp the term is moving the wrong way. Drawn at
o = 1.13, the value for which the baseline x = 1.5 delivers the measured A, = 0.4; other parameters as
in Table 4.

The intuition. Think of the Fréchet shape parameter as answering a single question:
how different are workers from one another within a group? When dispersion is wide,
everyone is a coin flip between tasks, the two groups look alike, and there is no identifiable
loser for the planner to protect—but there is a great deal of switching, because half the
workforce sits near the margin. When dispersion is narrow, comparative advantage is
nearly deterministic: group 1 works routine tasks and group 2 does not, so the loser is
perfectly identified—and nobody switches, because nobody is near the margin. The same
parameter that makes workers mobile is the parameter that makes them indistinguishable.
It cannot be turned up to damp the wage effect while the welfare weight on “routine
workers” is held fixed, because turning it up is what creates a routine worker in the first
place.

Parts (i) to (iii) invert the comparative static usually reported in this literature. Treat-
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ing the Fréchet shape as a mobility parameter, so that raising it damps the predistribution
term while the welfare weight on “routine workers” stays fixed, is not a valid exercise: it
varies the reallocation response while holding constant an object—the identity of the los-
ing group—that the same parameter determines. Once both move together, the sign flips.
Perfect sorting is perfect segregation. A world in which comparative advantage is sharp
enough for the exposed group to be cleanly identifiable is also a world in which nobody
is near the switching margin, and the fixed-assignment model is recovered exactly.

Part (iv) is where the economics is. The right way to discipline the term is not to argue
about k but to measure the two objects the formula actually contains. The exposure gap
Ay is the difference between two employment shares, the fraction of the disadvantaged
group working in Al-exposed tasks, less the fraction of the advantaged group doing so,
and it is estimable from any occupational exposure measure crossed with any ex ante
grouping the planner might have in mind. The reallocation elasticity £ is then pinned
down by € = k(1 — A?) given a switching estimate. The literature’s convention A, = 1 is
not a conservative simplification; it is the corner of the parameter space that maximizes
the term, and it is empirically false, since exposure to Al is not remotely segregated by
education, income, or any other candidate for an ex ante group. Section 6 measures it,
carries Ay ~ 0.4—the value on the exposure measure most favourable to the robot-tax
case, with every direct Al measure giving a negative number—and finds the term falls
to about a fifth of the fixed-assignment number. The reduction comes chiefly from the
exposure gap rather than from mobility.

Two implications for policy survive intact from the earlier treatment, and one does
not. What survives: the term is transitional, because g itself falls as cohorts choose skills
knowing what Al can do, which is the parameter behind the sunset that Corollary 4 calls
for; and the correction runs in the same direction as every other extension in this section,
lowering the optimal usage tax. What does not survive is the claim that a reader who
believes in fast reallocation should read the predistribution column as zero. The right
statement is that a reader who believes the losing group is sharply identifiable should
also believe reallocation is slow, and vice versa, and that neither belief rescues the term,
because the product is bounded by the exposure gap either way. Figure 1 draws both
halves of the proposition; Appendix B.7 develops the frontier, the horizon dependence of

o, and two caveats that cut in opposite directions.
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5.5 Endogenous entry: the usage tax amplifies market power

Taxation with an endogenous entry margin is studied by Scheuer (2014) in the context of
entrepreneurship, where the same tension appears: an instrument that looks like it falls
on rents partly falls on the decision to be in the market at all.

The markup was taken as given above. It is not. Provision has large fixed costs in
research and in compute clusters, so the number of providers is determined by free entry,
and a tax that shrinks the market shrinks the number of firms.

Let n symmetric providers compete in quantities facing the demand elasticity o, of
(10), so the equilibrium markup is p = (1 -1/ (naq))_l, and let each incur a fixed cost F.
Free entry drives per-firm profit to zero.

The result below is the one that most surprises people, so the mechanism is worth
stating before the statement. A tax on usage raises the price buyers pay and shrinks
the market. A smaller market supports fewer firms, because each must still cover the
same fixed cost. Fewer firms compete less hard. So the tax, which was meant to fall on
incumbents, ends by handing the survivors a wider margin on the sales they retain. The

tax is a barrier to entry that the incumbents did not have to build.
Proposition 6 (Entry amplification). With Cournot competition and free entry,

dln

L 0
dIn(1 + to) 3 (n=1)og >0,

so a usage tax raises the equilibrium markup. The buyer price responds by

dlng
— L =® =1+%p-1 1
dIn(1 + ty) Tal =y > L

and the optimal usage tax is strictly below the level in Proposition 2.

The amplification is large, and Figure 2 shows how it scales. At p = 2.5 and 0, = 2,
® = 2.5: a usage tax of one percent raises the buyer price of Al by two and a half percent,
because it also drives out entrants and lets the survivors raise their margins. A usage tax
on a concentrated sector with heavy fixed costs is not a tax on rent but a barrier to entry

erected on the incumbents’ behalf, part of which the incumbents capture.?

3The Cournot structure is doing work here: with contestable markets or a competitive fringe ® — 1.
What survives is the direction: any model in which fixed costs are large and entry responds to market
size delivers ® > 1, so the static formula understates the distortion. The other caveat (that free entry
can be socially excessive) is not a caveat at all but a force that changes the sign of a whole term, and
§5.6 takes it up properly.
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Training compute. Inference and training are different activities with different exter-
nalities, and a levy on tokens taxes almost exclusively the former. If frontier training runs
generate social risk convex in the compute used, the corrective instrument is a Pigouvian
levy on training compute, which dominates the compute thresholds already written into
regulation for the usual reason that a threshold is a zero marginal rate followed by an
infinite one. Separately, training burns electricity but produces no tokens, so its implicit
rate under a token tax is not low but exactly zero, while a charge at the meter reaches it

automatically. Appendix B.4 states both results.

The gap grows over time. Proposition 3 compares instruments at a fixed efficiency
technology, and in doing so understates its own conclusion. Efficiency is the outcome
of durable investment, and only an instrument that raises the perceived price of energy
enters the investment condition at all. Appendix B.5 extends the model to a horizon T
and shows that the emissions charge induces strictly more efficiency investment at every
horizon, that the gap widens as assets live longer, and that the cumulative welfare gap is
increasing and convex in 7. The practical implication is worth stating here: the common
defence of the token tax as a simple approximation to be tightened later has the sequencing

backwards, because the approximation deteriorates with time rather than improving.

5.6 The market-power term, and why it is negative

The market-power term is the largest object in the formula and the only one that is
negative, so it governs the sign of everything reported later. It is also the term hardest
to accept at face value, since it appears to say that a planner should subsidize the most
profitable firms in the economy. Three things need saying, and the third is a constraint

the calibration must satisfy.

First: the sign is not a claim about AI. A good sold above marginal cost is con-
sumed too little, and the textbook corrective for underconsumption is a lower price. Equa-
tion (11) inherits that from Cournot (1838) and would return the same sign for bread. The
formula prices underprovision on the only margin it has been given, because Proposition
2 solves for a single wedge. It does not know that the planner also has a cash flow tax,
an antitrust authority, and a procurement policy. Section 5.2 and Section 5.5 give the
planner those instruments, and once they are assigned the term leaves the usage tax’s job

description entirely. Nothing in this paper recommends paying frontier labs; Appendix
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C.1 says so at length. What the term does is measure the size of one distortion relative

to another, and that comparison is informative whatever one thinks of the instrument.

Second: free entry offsets it, and possibly by a lot. The term as written treats
a reduction in output as a pure loss. With free entry and large fixed costs that is not
right. Each entrant duplicates a fixed cost (at the frontier, a training run costing hundreds
of millions) and captures business from incumbents that would have been served anyway.
Mankiw and Whinston (1986) show that with homogeneous products this business-stealing
effect makes the free-entry number of firms exceed the constrained optimum, so an output

subsidy that induces entry destroys resources at the margin even as it corrects the price.

Proposition 7 (Business stealing offsets the market-power term). In the symmetric
Cournot free-entry equilibrium of Proposition 6, the welfare effect of a marginal reduc-
tion in the usage wedge is a fraction (1 — x) of the naive allocative gain mdQ, where

m=p— mc and
dlnm

dinQ :

free-entry locus

the derivative being taken along the locus n = Q/—P'(Q)/F, m = \/—P'(Q)F. The

market-power term in (12) is therefore scaled by (1 — x). Two demand systems bracket it:

x =1

(i) Linear demand, P = a — bQ: the equilibrium margin is m = vbF', independent of
the subsidy, so x = 1 exactly. The allocative gain is fully dissipated in the fixed costs

of induced entry, and a marginal output subsidy has zero first-order welfare effect.

(11) Constant-elasticity demand at the elasticity o, of (10), which is the demand system

this paper’s CES structure actually generates:

o, +1
=1-2 € [0,l>,
X 20, 2

increasing in o4, equal to zero at o4 = 1 and approaching one half as o, — co.

The intuition. A subsidy to output looks like a pure gain: each extra unit is worth p
to a buyer and costs mc to make, so society banks the difference. But with free entry the
extra output does not come from existing firms working harder. It comes partly from a
new firm, and the new firm must first pay the fixed cost—at the frontier, a training run.
The proof shows that this is not a partial offset but an exact one: along the free-entry

locus the gain m d(@) and the entry cost F'dn cancel term for term, and all that survives
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Figure 2: Two forces that the single-wedge formula omits, and that pull the optimal usage tax in
opposite directions. Left, Proposition 6: with Cournot competition and free entry a usage tax shrinks the
market, the market supports fewer firms, and the survivors widen their margins, so the buyer price moves
by ® = 1+%(uf 1)o4 > 1 per unit of tax. At the baseline y = 2.5, 0, = 2 the marked point gives & = 2.5:
a one percent tax raises the price of Al by two and a half percent. The amplification is increasing in the
markup, so it is largest exactly where the tax is most often proposed. Right, Proposition 7: the offsetting
force. Each entrant induced by a lower wedge duplicates a fixed cost, so a fraction y of the allocative
gain is dissipated rather than banked. Under linear demand the offset is complete and a marginal output
subsidy is worthless; under the CES demand this paper’s structure generates, x rises from zero at unit
elasticity toward one half, and the model-consistent value at o, = 1.965 is 0.25. The paper’s own demand
system therefore puts the offset near the bottom of the bracketed range, which is worth noting because it
means Y is derived and not chosen to shrink the term.

is the second-order effect of the subsidy on the equilibrium margin itself. Whether that
residual is large depends entirely on how the margin moves as the market grows, which
is a property of the demand curve and nothing else. Under linear demand the margin
does not move at all, so the offset is complete and the subsidy is worthless. Under
constant-elasticity demand the margin falls as output expands, which is a genuine gain
to inframarginal buyers, and the offset is partial.

The proof is in Appendix B.6. The point worth emphasizing is that x is not a free
parameter here. The paper’s own demand structure pins it: at the baseline o, = 1.965,
part (ii) gives x = 0.25, so a quarter of the underprovision correction is dissipated in
duplicated training runs and the market-power term is three quarters of its textbook size.
The value at 0, = 1 is a useful check, unit-elastic demand holds revenue constant, so
free entry induces no entry response and there is nothing to dissipate, and the linear

case is the natural upper benchmark, in which the offset is complete. We use x = 0.25
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throughout and report x = 1 as the linear-demand bound, which is the honest range: the

model-consistent value is at the bottom of it.

Third: whose dollar is the subsidy, and what is it worth? The reason a planner
would want a lower price of Al is that the last unit is worth p to a buyer and costs mc to
make, so the unexploited gain from trade is m = p—mec. But at the margin the buyer pays
exactly what the unit is worth to her, so her surplus on it is zero: the entire marginal gain
m accrues to the provider. The market-power term is therefore not a consumer-surplus
correction at all. It is a statement that a dollar of foregone provider profit is a dollar of
lost social surplus, and whether that is true depends on two things the formula has so far
assumed away.

The first is who owns the provider, which is why f appears. Surplus that would
have accrued to foreign shareholders is not part of domestic welfare, so at f = 1 there
is nothing at the margin for a domestic planner to recover and the term vanishes, not
because underprovision has stopped, but because its cost is borne abroad. The second is
what a dollar to a domestic shareholder is worth to the planner, and here the paper had
been silently inconsistent. Frontier Al equity is held overwhelmingly at the top of the
wealth distribution. A planner who values a dollar to a routine worker at 1.3 times the
average, which is what g; = 0.3 asserts, cannot coherently value a dollar to a frontier-lab

shareholder at exactly the average. Writing gg for that weight,

Proposition 8 (The market-power term is a distributionally weighted transfer). With
foreign ownership share f, a welfare weight gs on domestic Al shareholders relative to the
income-weighted average, and the entry offset x of Proposition 7, the market-power term
in (12) is B

—(=fgsr(1- g)u - ).

It vanishes if providers are foreign-owned (f = 1), if the planner attaches no value to
shareholder income (gs = 0), if the markup is pure fixred-cost recovery (r =0), or if entry
fully dissipates the correction (x = 1). The unweighted formula is the special case gs = 1,
x = 0.

This resolves what we take to be the real source of discomfort with the negative sign.
Read at gg = 1 the formula says a planner should hand money to the most concentrated
firms in the economy and count the transfer as costless. That is not a proposition anyone
holds; it is an artifact of a utilitarian aggregation applied to workers and not to share-

holders. gg is a normative parameter, but it is not free: it is disciplined by consistency
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with g1, and Lemma 4 performs that calibration rather than asserting a value.

Lemma 4 (The shareholder weight implied by §1). Let welfare weights be isoelastic in
income, g(y) < y~", normalized so that the income-weighted mean weight is one, and let
log income be normal with dispersion s. Then g(y) = exp( — nsz + n(2 — n)s?), where
z 15 the income z-score. The requirement g = 1.3 at the routine worker’s position pins n;

evaluating g at the equity-weighted holder’s position then delivers gs.

The calibration is disciplined by two observable positions. Routine occupations sit
near the 36th percentile of the earnings distribution, zg ~ —0.35, and the dispersion of
log earnings is s & 0.8; these give n =~ 0.32. Corporate equity is held overwhelmingly at
the top—the top one percent hold roughly half of it—so the equity-weighted dollar sits

near zg ~ 2.3, which gives
gs ~ 0.65, range 0.45 to 0.85

across s € [0.7,1.0], zg € [—0.5, —0.25] and zg € [2.0,3.0].

The calibration is a constraint rather than a licence. A planner who values a routine
worker only thirty percent above the average is not strongly redistributive, and the same
modest curvature that keeps the predistribution term small also keeps shareholders from
being heavily discounted: ¢; = 0.3 and gg¢ = 0.2 are not jointly available under any
isoelastic welfare function. Combined with the derived xy = 0.25, the scaling on the
textbook term is gs(1 — x) ~ 0.49, so the market-power term is about half of what (11)
reports at face value.

It also answers the objection that the deadweight loss from market power might simply
be smaller than that from a tax, so the comparison should run the other way. That
compares levels; the formula is a marginal condition. What matters is not the size of the
Harberger triangle under the monopoly wedge but that a wedge already exists where the
tax is levied: a tax imposed on top of a pre-existing wedge has a first-order welfare cost
rather than the second-order cost it would have in an undistorted market. That is why
the term enters linearly in m rather than quadratically, and the sense in which the two

distortions compound rather than compete.

Fourth: r is not free, and it is the same parameter that governs the rent
tax. Section B.2 already pins the rent share to the recurring-investment share through
r=1—¢pu/(w— @), so that ¢ = 0.2, 0.3, 0.4 imply r = 0.6, 0.4, 0.2. What that section
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Figure 3: Corollary 5: the two live positive proposals are governed by one number. Recurring training
and capacity investment ¢ fixes the pure-rent share of the markup through r = 1 — ¢u/(n — i), and
therefore fixes both curves at once. Move left and rent is abundant, so a cash flow tax collects well—but
the same abundance makes the efficient wedge on usage strongly negative, because more of the price a
buyer pays is a transfer rather than a resource cost. Move right and the negative wedge shrinks toward
zero, but so does the rent tax base, until at ¢ = 0.5 the markup is entirely fixed-cost recovery and
neither instrument has anything to reach. No value of ¢ makes Al rents large enough to be worth taxing
while leaving the market-power correction small enough to ignore. They are the same number read from
opposite ends. The rent-tax series is a fifty percent cash flow tax on the stationary base [(1 —1/u) — ¢16,
scaled by ten so that both series fit one axis; the market-power series is (1 — f)gsr(1 — G/p)(1 — x) at
f=0,g9s=0.65 x=0.25 pu=25 =125 60=15%.

does not do, and what resolves most of the puzzlement the negative term provokes, is

trace the same ¢ through to the other instrument.

Corollary 5 (The rent tax yield and the market-power term move together). The sta-
tionary cash flow base of Section B.2 is [(1 — 1/u) — ¢|0 and the market-power term is
—(1—=fir(l —p/p)(1 —x) withr =1— ¢u/(u— ). Both are strictly decreasing in ¢.
Hence the revenue a rent tax raises and the magnitude of the negative wedge on usage are
governed by one parameter and cannot be chosen separately: an economy in which the rent
tax is lucrative is exactly an economy in which the efficient wedge on Al usage is strongly
negative, and an economy in which the market-power term is negligible is one in which

the rent tax collects little beyond the normal markup.

Table 3 traces the trade-off and converts the sign question into something checkable
against a single accounting fact. Applying the textbook correction unweighted, the ef-
ficient wedge on Al usage is non-negative for a domestic economy only if recurring in-
vestment exceeds about 46 percent of revenue—at which point a fifty percent cash flow
tax raises about 0.11 percent of GDP, half the headline figure of Table 5. Weighting the

term at the gg of Lemma 4 and netting the entry dissipation of Proposition 7 moves that
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threshold only to about 41 percent, so the conclusion does not turn on the weighting:
on either reading the wedge is negative at every ¢ for which a rent tax collects anything
worth collecting. One cannot simultaneously hold that AI rents are large enough to be
worth taxing and that the market-power correction is small enough to ignore. They are
the same number read from opposite ends.

Weighting shareholder income at the gg = 0.65 of Lemma 4 and netting the derived
dissipation y = 0.25 scales the term to about half of that, which moves the threshold to
roughly 41 percent of revenue and leaves the baseline wedge at —5.2 rather than —15.5
percent; under the linear-demand bound the term vanishes and the wedge is +4.5 percent
at every ¢. The trade-off is therefore about magnitude within a narrow band rather
than about sign. We regard this as the most useful form of the result, because ¢ is an
accounting quantity a disclosure requirement could produce whereas r is a construct—and
it is one more argument for the instrument unaffected by any of it: the emissions charge

does not care what fraction of the markup is rent, who owns it, or how entry responds.

5.7 Diffusion spillovers, and the general formula

If a marginal unit of Al use generates learning or diffusion benefits the buyer does not
capture, the Pigouvian term is netted of them and the optimum falls further. The sign of
these spillovers is unsettled in the literature and they enter against a corrective term worth
only a few percent, so we carry them as a free parameter and note that every plausible
value moves the optimum in the same direction as everything else in this section: down.
Appendix B.9 develops the point. Collecting the results of this section, the general formula

1S

o _ (1=7)518¢(0 —1)(1 — 5) D—4 A(:)
iy = 1 3 + —(1=f)gsr|1— (l—x),
(I+erL+&)oy p n(ty)
~~ ~— ~
predistribution net externality market power, weighted and net of entry

(12)
with p(fy) increasing at the rate given in Proposition 6, with gg and y as in Propositions
8 and 7, and with the training margin handled by a separate instrument tj, = R'(K).
Proposition 2 is the special case g = 1, x =0, Ay, = 1, £ = 0: welfare weights that do
not distinguish shareholders from anyone else, entry that is socially costless, and workers
welded to their tasks. Each of the four is an assumption the literature makes silently, and
relaxing them is what separates (12) from (11). Note that (12) is an implicit equation

rather than a formula: the markup on the right-hand side is itself a function of the tax
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on the left, so the optimum is the fixed point at which p is evaluated at ¢;;. We solve it
numerically in the calibration; at our parameters the fixed point is unique and the iteration
converges immediately, because the market-power term depends on p only through the
ratio fi/p and is therefore flat in the relevant range. Every extension moves (12) in the

same direction, which is down.

6 Calibration

The formula is only as useful as the numbers in it. This section calibrates each term, then
runs five back of the envelope calculations through the model’s own lemmas, then reads
the policy debate against the results. Parameters are chosen, where there is doubt, to

favor the case for taxing Al

6.1 The three terms

The residual external cost per kilowatt-hour. Section 2 gave the two components.
Unpriced carbon at $190 per ton and ¢ = 0.4 kg per kWh is $0.076 per kWh where no
carbon price applies; the grid-shifting wedge v we carry over [0,0.03]; water and local
damages add a few tenths of a cent. A central residual, with a modest carbon price

already in place and v near the middle of its range, is
d ~ $0.05 per kWh, range $0.02 to $0.10,

and higher with no carbon price. The residual wedge is therefore between roughly sixty
percent and more than one hundred percent of the price of the input on which it should be
levied—an extraordinary number by the standards of environmental taxation. Figure D.2
shows it is robust across the whole range of v, because carbon dominates. This separates
the two roles of ~: it barely moves the level of the wedge, and what it governs instead is

the distributional character of the status quo, which is Section 6.5.

The residual external cost per unit of AI, across workloads. Here the point
estimate is misleading and the distribution is the object that matters. A median short
text query consumes about 0.3 Wh, but reasoning and agentic workloads run one to two
orders of magnitude higher (International Energy Agency, 2026; Luccioni et al., 2024;
de Vries, 2023), and these are where load growth is concentrated. Because both energy

and price scale with query length, D/p is roughly constant within a workload type but
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Table 1: The externality ratio D/p varies across workloads

Workload Energy/query Price/query D/p Share of queries Share of energy
Simple text 0.3 Wh $0.003 0.5% 0.60 0.02
Standard chat 3 Wh $0.010 1.5% 0.18 0.05
Reasoning 30 Wh $0.050 3.0% 0.19 0.52
Agentic 150 Wh $0.150 5.0% 0.03 0.41
Count-weighted mean 1.3%

Energy-weighted mean 3.7%

Notes. Energy and price per query are order-of-magnitude figures drawn from International
Energy Agency (2026), Luccioni et al. (2024) and de Vries (2023); D/p evaluates d - e/p at
d = $0.05 per kWh. The query mix is illustrative rather than measured: no public source
reports the composition of inference by workload type, so we impose a plausible mix in which
short queries dominate by count while reasoning and agentic workloads dominate by energy. The
share of energy is derived from the query shares and energy per query, not assumed separately.
The two means are the D/p column weighted by the two share columns respectively. Nothing in
the paper’s argument depends on the particular mix, only on the fact that the ratio of harm to
value rises across the rows.

differs across types through the price per joule of delivered value. Table 1 works the ratio
for four representative workloads at d = $0.05 per kWh.

The two means differ by a factor of three, and the energy-weighted mean is the policy-
relevant one, because a corrective instrument should track the harm, which is proportional
to energy. A tax calibrated to the modal query, the naive 1.3%, understates the externality
of the marginal kilowatt-hour by nearly threefold, since the energy-hungry tail dominates
the total footprint. The token tax therefore not only sits on the wrong base, but on one
whose relationship to the harm is itself unstable across the workloads driving the load
growth. We carry the energy-weighted central value D/p ~ 2-4% forward, and note it

would be higher still with no carbon price.

Market power and the rent share. Reported gross margins on frontier inference of
fifty to sixty percent give p & 2.5 against 1 &~ 1.25 (De Loecker et al., 2020), so the
excess Lerner index 1 — i/u ~ 0.5. But the term is scaled by r, and by Corollary 5 r
is the complement of the recurring-investment share: at ¢ = 0.3, r = 0.4, so the naive
use of the gross markup as if it were all rent overstates the term by more than a factor
of two. Scaling further by the gs = 0.65 of Lemma 4 and 1 — y = 0.75 gives an effective
market-power term of about ten percent rather than fifty. We report ¢ over [0.2,0.4]
rather than a point value, because it is not directly observed and it is the parameter the

sign turns on.
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Predistribution. The formula has three inputs and only one of them is normative.
Take 7 = 0.35, ¢, = 0.3, 0 = 2, and a welfare weight §; = 0.3, so that the planner values
a dollar to the exposed group thirty percent above the average. At the fixed-assignment
corner Ay = 1, £ = 0 (the configuration the robot-tax literature works in) the exact term
of (11), with (1—s) in the numerator and o, = 0(1—s)+s+60 ~ 1.965 in the denominator,
gives /p ~ 7.3%. We report that number only as the corner it is.

The exposure gap is not one. A, is a difference of two employment shares—the share
of the disadvantaged ex ante group working in Al-substitutable occupations, less the share
of the advantaged group—so it requires an exposure measure, a grouping, and a threshold,
and given those three it is a descriptive statistic computable from one year of the American
Community Survey. It is not a correlation, not a regression coefficient, and not bounded
below by zero. Appendix D.7 states the estimand formally and the replication package
includes the code.

We compute it. Table 2 reports A, for seven public occupation-level exposure measures
crossed with four ex ante groupings, on an employment-weighted panel of 765 detailed
SOC occupations; Appendix D.7 gives the construction and its limitations. Three findings
come out of the table.

First, the exposure gap is nowhere close to one. The largest absolute value in the table
is 0.50 and the largest positive value is 0.45; the left panel of Figure 4 plots these against
the value the literature assumes. The predistribution term is proportional to A, and is
damped further through € = k(1 — A2), so the convention A, = 1 overstates it by a factor
of about five at the most favourable measure in the table, and by more at every other
one. The right panel shows why the overstatement is so large. The map from A, to /p
is convex, since the damping through & relaxes as the gap widens, and almost all of the
term is generated in the stretch between the measured values and the assumed corner.

Second, the measures disagree about the sign, and they disagree by family. The
robot-exposure measure of Webb (2020) is the closest available proxy for the routine
displacement that o describes, and it gives A, = 40.41 for a less-than-BA group 1, with
+0.34 to +0.45 across the other groupings. The software measure of the same paper gives
a uniformly smaller +0.18 to +0.23. On all four direct Al and generative-Al measures,
Felten et al. (2021), Eloundou et al. (2024) under both the human and the GPT-4 rubric,
and Eisfeldt et al. (2023), the gap is negative for every grouping, between —0.18 and —0.50.
The employment-weighted correlation between exposure and the share of an occupation’s
incumbents without a bachelor’s degree is +0.52 on the robot measure and —0.25 to —0.64

on the four AT measures. The choice of grouping does not move the sign. The two families
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of measure describe different technologies.

Evidence of a different kind supports the negative side of the split. Tomlinson et al.
(2025) do not rate occupations for exposure. They classify two hundred thousand logged
conversations with a deployed assistant into the work activities it was asked to perform,
then aggregate to occupations. Their applicability score correlates with occupational
wages at +0.13 when occupations are weighted by employment, and it spreads broadly
across education requirements. This is what our negative A, also says, obtained without
any expert judgment about what a model could do. We weight it more heavily than we
would agreement among rating-based measures, which share a method and could share
its errors.

Third, the gap does not survive a tighter definition of exposure. Figure 5 sweeps the
threshold from the fortieth to the ninetieth percentile of employment. Six of the seven
measures collapse toward zero, and at the ninetieth percentile all seven lie between —0.22
and +0.10. The exception is Webb software, which stays flat inside a band around +0.1
at every cut. This is the signature of an exposure distribution that is tilted across the
education distribution but not segregated by it. A measure capturing genuine segregation
would hold its gap open at a tight cut, since the occupations surviving such a cut would
be held overwhelmingly by one group. None of the seven does.

We carry Ay = 0.4 as the central case. This is the value on the single measure most
favourable to the robot-tax case, and we carry it for that reason, following this section’s
practice of resolving doubt in favour of taxing AI. The range the measurement supports

is [—0.50, 40.45], which contains zero.

Remark 2 (The sign of Ay is not guaranteed). Every treatment of the robot tax we know
of imposes A, = 1 and therefore cannot express the possibility that the exposure gap is
negative. Nothing in the theory rules it out, and Table 2 finds it. On all four direct Al
and generative-Al measures, and on all four groupings, A, lies between —0.18 and —0.50.
When A, < 0 the predistribution term in (11) changes sign and joins the market-power
term. A usage tax then worsens the distribution across ex ante groups, because it protects
the tasks performed disproportionately by the better-off, and the redistributive argument
turns into an argument against the instrument. At the measured LLM gap of —0.37 the
term is —1.3 percent against the 4+7.3 percent of the fixed-assignment corner, a swing of
nearly nine points on the same formula. Which sign applies depends on what o describes.
If it is routine displacement then the robot measure is the right one and A, ~ 40.4; if it
is direct LLM substitution then it is not. We do not settle that here, and the frontier is

moving in any case. What matters is that the question is empirical and has a measured
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Figure 4: The exposure gap, measured, and what it is worth. Left: A, for seven public occupation-level
exposure measures crossed with four ex ante groupings, from Table 2; the horizontal rule separates the
two routine-displacement measures above from the four direct Al measures below, and the dashed vertical
line is the value Ay, = 1 that the robot-tax literature imposes by assumption. One of the twenty-eight
cells reaches half that value in absolute terms and none is positive beyond 0.45. The four markers move
together within every row, so the sign is a property of the measure and not of the grouping. Right: the
predistribution term Q/p of (11) as a function of A,, with the reallocation elasticity moving along it
through £ = k(1 — A,%), at 7 =035, e =03, 0 =2, g1 = 0.3, kK = 1.5. The curve is convex over the
positive range, so the last stretch toward the corner is worth far more than the first. Moving from the
measured +0.41 to the assumed 1 multiplies the term by nearly five. Markers give the measured values
from the left panel at the less-than-BA grouping.

answer under either reading, and that a literature imposing A, = 1 cannot pose it.

Given Ay, the reallocation elasticity is not a free parameter: Lemma 2 pins & =
k(1 — A2). At the Roy Fréchet estimates of Hsieh et al. (2019) and Galle et al. (2023),
k=~ 1.5 to 2, and at A, = 0.4 this gives £ ~ 1.3 to 1.7, so the denominator rises from 1.3
to roughly 2.6 to 3.0. Combining,

Q/p ~ 1.5%, range 0.8% to 2.2%,

which is the value we carry forward as central. It sits at the bottom of the one to four
percent that Costinot and Werning (2023) report for industrial robots. Roughly two thirds
of the reduction from the 7.3% corner comes from the exposure gap and one third from

reallocation, which reverses the emphasis of the earlier literature: what disciplines the
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Table 2: The exposure gap Ay, measured

Ex ante grouping (group 1 = less educated)

Exposure measure <BA HSorless <assoc. job zone 1-2 Q/p
Webb (2020) software +0.19 +0.18 +0.20 +0.23 +0.7
Webb (2020) robot +0.41 +0.34 +0.41 +0.45 +1.5
Webb (2020) AI —0.27 —0.18 —-0.23 —0.24 -0.9
Felten et al. (2021) AIOE —0.49 —0.42 —0.47 —0.50 -1.9
Eloundou et al. (2024), human 3 —0.37 —0.34 —0.38 —0.33 -1.3
Eloundou et al. (2024), GPT-4 3 —0.34 —0.31 —0.35 —0.35 -1.2
Eisfeldt et al. (2023) genAl —0.37 —0.33 —0.36 —0.40 -1.3
Memo: the literature’s convention  +1.00 +1.00 +1.00 +1.00 +7.3

Notes. Ay = l1g —laR, the employment-weighted share of group 1 in exposed occupations less that
of group 2. Group 1 is the less-educated or lower-preparation group in each column. An occupation
is exposed if its score is above the employment-weighted 66th percentile for the two Webb (2020)
routine-displacement measures, the Autor—-Dorn convention, and above the employment-weighted
median otherwise. The panel is 765 detailed SOC-2018 occupations; within-occupation education
distributions are the incumbent-reported Required Level of Education from O*NET 30.3 (National
Center for O*NET Development, 2026), and employment weights are Dorn (2009) labor-supply
weights allocated to SOC. The last column is the predistribution term Q/p of (11) in percent,
evaluated at the <BA gap with 7 = 0.35, e, = 0.3, 0 = 2, g1 = 0.3 and k = 1.5, so that
E=x(1 —Af) moves with each row. Appendix D.7 reports the threshold sweep and the construction
in full.

Table 3: The sign of the optimal usage tax reduces to one accounting ratio

Recurring  Implied Rent tax Mkt.-power Optimal usage tax tf;, domestic
investment rent share yield term, unweighted baseline linear-dem.
1) r (% GDP) unweighted gs=1,x=0 gs=.65,x=.25 bound y=1
0.10 0.80 0.375 —40% —35.5% —15.0% +4.5%
0.20 0.60 0.300 -30% —25.5% —-10.1% +4.5%
0.30 0.40 0.225 —-20% —15.5% —5.2% +4.5%
0.40 0.20 0.150 —-10% —5.5% —0.4% +4.5%
0.50 0.00 0.075 0% +4.5% +4.5% +4.5%

Notes. ¢ is the share of provider revenue absorbed by recurring training and capacity investment;
it determines the pure-rent share of the excess markup through » =1 — ¢u/(u — ) (Corollary 5).
gs 1s the welfare weight on AI shareholders relative to the income-weighted average (Proposition
8); x is the share of the underprovision correction dissipated in the fixed costs of induced entry,
derived rather than assumed and equal to 1 — (o4 + 1)/204 = 0.25 at the baseline (Proposition 7).
The last column is the linear-demand bound, in which the offset is complete. All three right-hand
columns add the predistribution and Pigouvian terms, +1.5% and +3%. The baseline ¢ = 0.3 is
the third row.

robot-tax term is not primarily that workers move but that the losing group was never
cleanly identified in the first place.
Table 4 collects the results, and its most striking feature needs addressing head-on

rather than left for the reader to notice.
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Figure 5: The exposure gap as the definition of “exposed” is tightened, at the less-than-BA grouping.
Black lines are the two routine-displacement measures, grey the four direct Al measures. A measure
describing genuine segregation of exposure across the education distribution would hold its gap open, or
widen it, as the cut moves into the most exposed tail, since the occupations surviving a tight cut would
be held overwhelmingly by one group. Six of the seven collapse toward zero instead, and at the ninetieth
percentile every gap lies between —0.22 and +0.10. The seventh, Webb software, never leaves a narrow
band around +0.1 at any threshold. The vertical scale is the same as the horizontal scale of the left panel
of Figure 4, and both stop well short of the value the literature assumes.

6.2 Why the market-power term dominates

Table 4 puts most entries of the last column below zero, and Table 3 shows what governs
them. Both deserve a plain reading, because a column of negative numbers invites the
objection that the model recommends subsidizing the most profitable firms in the economy,
and it does not.

The arithmetic is simple. Predistribution and Pigouvian terms sum to about four
and a half percent and are positive in every row. The market-power term, after the three
scalings of Section 5.6, is about ten percent at the baseline. It dominates, and the residual
is a wedge of about minus five percent. The substantive point is that a single wedge on
the usage margin is being asked to do two incompatible jobs—to correct an externality and
a wage distortion, both of which want a higher price of Al, and to correct underprovision,
which wants a lower one—and at defensible parameters the second is the larger.

The right response is not to accept the residual as a recommendation but to stop
asking one instrument to do both. Section 5 assigns underprovision to the instruments
built for it: a cash flow tax that reaches rent without touching price, and entry and
interoperability policy that attacks the concentration directly. Do that, and column (3)
is no longer the usage tax’s job. Column (1)+(2) is then the operative number, and it

is the one we would put to a finance ministry: a positive wedge of about four and a half
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Table 4: The optimal Al usage tax, by scenario (percent)

Predistr. Extern. Mkt. power Wedge t};
Scenario (1) (2) (3) (D)+(2) (1)+(2)+(3)
Baseline, domestic (r=0.4) +1.5 +3 —9.8 +4.5 —5.2
Domestic, low rent (r=0.2) +1.5 +3 —4.9 +4.5 —0.4
Domestic, all rent (r=1) +1.5 +3 —24.4 +4.5 —19.9
Importing economy (f=1) +1.5 +3 0 +4.5 +4.5
Emissions priced at source +1.5 0 -9.8 +1.5 —8.2
Unweighted ownership (gs=1) +1.5 +3 —15.0 +4.5 —10.5
Linear demand (x=1) +1.5 +3 0 +4.5 +4.5
Wide exposure gap (Ay=.6) +2.2 +3 -9.8 +5.2 —4.5
Narrow exposure gap (A;=.2) +0.8 +3 -9.8 +3.8 —6.0
Measured, robot exposure (A;=+.41)  +1.5 +3 -9.8 +4.5 —5.3
Measured, LLM exposure (A;=—.37) —-1.3 +3 -9.8 +1.7 —8.1
Measured, most negative (Ay=—.50) -2.0 +3 -9.8 +1.0 —8.8
Tagging available (§;=0) 0 +3 —-9.8 +3.0 —6.8
All instruments available 0 0 -9.8 0 —9.8
Memo: fixed-assignment corner +7.3 +3 —9.8 +10.3 +0.6

Notes. All entries in percent. Column (1) is the predistribution term Q/p, column (2) the net
externality term (D — v¢)/p at the energy-weighted central value, column (3) the market-power
term of (12). Two totals are reported and the distinction is the point of the table: (1)+(2) is
the efficient wedge once underprovision is addressed by the instruments assigned to it in Section
5, so the usage margin carries only what it is for; (1)+(2)+(3) is the second best of Proposition 2,
in which the usage tax is the only instrument available. Parameters: 7 = 0.35, ¢, = 0.3, 0 = 2,
g1 =03, Ay =04, Kk = 1.5 so that £ = 1.26, u = 2.5, 1 = 1.25, v» = 0, d = $0.05 per kWh,
pe = $0.08 per kWh, and for column (3) gs = 0.65, x = 0.25 per Propositions 7 and 8; the two
rows that switch these off in turn show what each is worth. The three measured rows evaluate
column (1) at the values of Table 2 with £ = k(1 — A2) recomputed row by row; they are the rows
to read if one wants the calibration to carry no stipulated value of the exposure gap at all. The
final row is the fixed-assignment corner used throughout the robot-tax literature, the £ — oo limit
of our model rather than a baseline.

percent, and under three percent for an economy that has already priced carbon at source,
against the ten percent in public discussion. The two readings differ in sign but agree on
the thing that matters, which is that no defensible configuration supports a double-digit
rate.

Figure 3 and Table 3 add the discipline that makes this checkable. By Corollary 5 the
rent share is the complement of the recurring-investment share, so a reader who wants the
market-power term to be small is committing to a rent tax that raises correspondingly less.
The two live positive proposals—tax the rents, tax the usage—are in tension at the level of
the accounting, and the quantity that decides between them, ¢, is something a disclosure

rule could produce. The probabilities below read the same way: they say the rent share
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is unlikely to be small enough for the corrective terms to dominate, not that subsidy is
the modal recommendation. On the same 200,000 draws, Pr(2/p+ D/p > 0) = 0.95 and
Pr (O <Q/p+D/p < 10%) = 0.95, with a median of 2.9 percent. That pair is the paper’s

quantitative conclusion stated without reference to the market-power term at all.

6.3 Three calculations

The table prices the tax. The model also prices the things the tax is supposed to achieve,
and the orders of magnitude are not what the debate assumes. Throughout we take
exposure = \s = 1.5% of GDP, which is generous given that global spending on Al
services is currently well under one percent of world output, and we set A = 0.3 and
s = 0.05.

1. What a usage tax raises, and what it costs. A ten percent tax on a base
worth 1.5 percent of GDP raises 0.15 percent of GDP before behavioral response and, by
Lemma 1, destroys 0.15 percent of output: about a dollar of output per dollar raised,
before Proposition 6 multiplies the output cost by & = 2.5. A fifty percent cash flow tax
on the operating surplus raises about 0.45 percent of GDP with no output cost, or 0.23
percent on the stationary base that expenses recurring investment first. And at d = $0.05
per kWh the emissions charge has a base of $9 billion today on U.S. data center load of
roughly 180 TWh, rising to $20-30 billion by 2030 (Shehabi et al., 2024; International
Energy Agency, 2026). Section 7 scores all four instruments properly; the point here is

only that they are not close, and not in the direction the political debate assumes.

2. What a usage tax does for routine workers. By Lemma 2, a ten percent usage
tax raises the routine wage relative to the non-routine wage by

s(c—1) 0.05 x 1
— X100 = ——— x 10% =~ 0.4%.
T+, re <104 3 <10 %

Four tenths of one percent, and that is the movement in the relative task wage at £ = 1.26
rather than at the fixed-assignment corner, where it would be 0.39 percent. What the
exposed group gains is smaller again by the exposure gap: A, x 0.2 = 0.08 percent, eight
hundredths of one percent. Keeping these two objects apart matters, because the first is
what an incidence regression would recover and the second is what enters welfare. This is
the entire predistributive payoff of a policy that reduces national output by 0.15 percent,

and it accrues as a relative wage movement rather than as income to any identifiable
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person. An earned income tax credit of the same fiscal size delivers more to the same
workers, without touching the price of compute, and without depending on the value of
.

There is reason to think even this is an upper bound. ? study a large, long-lasting
employer payroll tax cut for young workers in Sweden and find no effect on their net-of-tax
wages even six years on; the response appears as employment, and the windfall accrues to
firms that happen to employ many young workers—a rent-sharing rather than a relative-
price channel. The mapping is not exact, since their variation taxes labor rather than a
substitute for it, but the direction is uncomfortable for the predistribution term. A model
in which a factor wedge’s incidence is fully expressed in relative wages is the model that
maximizes the term in ¢;; if much of it instead shows up in quantities or in firm rents, the
wage compression a usage tax buys is smaller still. We flag this as a bound rather than

a correction, and note it moves the conclusion in only one direction.

3. Why the wedge is on the wrong base. Take the standard-chat workload, energy
3 Wh and price one cent. Electricity is p.e/p = 2.4% of the price of the query, and the
residual external cost is sixty to a hundred percent of the price of that electricity, so the
external cost of the query is between 1.4 and 2.4 percent of its price. Read backwards the
same fact is more striking. A usage tax at a politically meaningful rate, say ten percent,
applies a wedge of $0.001 per query against an external cost near $0.00015: it over-corrects
several-fold for the median query while, by Table 1, under-correcting for the agentic tail
that drives load growth. A charge of $0.05 per kWh at the data center prices the harm
exactly for every workload at once and would be invisible on any invoice. The point
is not merely that the token tax mis-sets the level; it is that no single ad valorem rate
can track a harm whose ratio to value varies by an order of magnitude across workloads,
whereas a per-kilowatt-hour charge tracks it by construction. That is the whole argument
in one line, and the reason is arithmetic rather than ideological: an ad valorem tax on an
information good is a poor instrument for a physical externality.

Two further calculations are relegated to Appendix D: what a ninety percent fall in
the price of Al does to the wage distribution, which bears on the size of the problem
rather than on the instrument; and the welfare cost of choosing the wrong instrument to
raise a given sum, which is about eight cents of deadweight per dollar for the usage tax

against zero to first order for the rent tax and a first-order gain for the emissions charge.
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6.4 A probabilistic calibration

Table 4 reports scenarios, and a scenario table invites the objection that the conclusion
is an artifact of one column. Since several parameters are uncertain at once, we take
the ranges of Table D.3 at face value, place independent uniform priors on all of them,
and report the induced distribution of the optimal tax. This is not an estimate; it is
a statement about how much of the parameter space the conclusion occupies. We draw
o~U[1.2,3], p~U[0.2,0.4], g1 ~U[0.1,0.5], e, ~U[0.1,0.5], k ~U|0, 3], Ay~ UJ0.2,0.6],
u~U[2,3], gs~U[0.45,0.85], d ~ U[0.02,0.10], an energy share of price ~ U[0.02,0.06],
and ¢ /p~U|0,0.03], with 200,000 draws; Appendix D.4 reports the full distribution and
a correlated-prior variant.

Two internal restrictions are imposed draw by draw rather than left to independent
priors, and both are consequences of Section 5: € = k(1 — A?), so no draw combines a
mobility elasticity and an exposure gap that are jointly infeasible, and r = 1 —¢pu/(n— )
by Corollary 5, so the rent share is not drawn independently of the recurring investment
that determines it. The entry offset y is not drawn at all: Proposition 7 determines it
from o, draw by draw, with a resulting median of 0.26.

Four probabilities summarize the exercise, and they are the numbers we would ask a
skeptical reader to engage with rather than any single column of Table 4. The optimal
usage tax is negative in 76 percent of draws for an economy that owns its providers and
in five percent for one that imports, so ownership rather than technology determines the
sign; but the sharper finding is about magnitude, since the wedge exceeds five percent
in under one percent of draws and ten percent in none. The market-power term exceeds
the net externality term in nineteen draws out of twenty. The predistribution term stays
below five percent in 98 percent of draws, with a median of 1.3 percent once the exposure
gap and the reallocation elasticity vary jointly over their full range. And the electricity
wedge d/p. exceeds fifty percent in three quarters of draws, which is why the claim that
the wedge on the kilowatt-hour is large survives the contested range of 7. Only the last
of these is robust to every parameter we cannot measure, which is one more reason the
paper’s recommendation rests on the meter rather than on the formula.

One prior deserves comment. The draw A, ~ U[0.2,0.6] is one-sided in a way Table 2
does not support, and we keep it because it is the configuration favourable to the instru-
ment. Widening it to the measured U[—0.50,0.45], and leaving every other prior alone,
moves the predistribution term from a median of 1.3 percent to —0.1 percent, with a fifth
percentile of —2.3 and a ninety-fifth of +1.9, and takes Pr(£2/p < 0) from zero to 0.53.

Conditioning instead on the routine-displacement measures alone, A, ~ U[0.18,0.45],
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gives a median of +1.0 percent and Pr(Q/p > 5%) = 0.003. Every probability we report
moves against the usage tax under the measured range. The figures in the text are the
generous ones.

Appendix D.4 reports the full distribution of each term, the priors, and a robust-
ness check in which the parameters are drawn from a Gaussian copula rather than in-
dependently. We impose p(u,¢) = —0.4, p(o,¢1) = 0.3, p(d, energy share) = 0.3, and
p(k, Ay) = —0.4, the last because sharp sorting and fast reallocation are substitutes even
beyond the deterministic frontier. Correlation fattens the lower tail, the fifth percentile of
the domestic optimum falling from —15.2 to —15.9 percent, but leaves the median close
to unchanged and moves Pr(¢}, < 0 | f=0) only from 0.90 to 0.89. The conclusion is not

an artifact of the independence assumption.

6.5 Who pays, and who benefits

The paper has so far kept efficiency and distribution in separate compartments. But
the missing-market wedge v has a distributional character of its own, and once it is made
explicit the environmental and the equity cases for taxing at the meter stop being separate
arguments and become the same argument.

Recall what 7 is: the part of the capacity and transmission cost caused by a data center
that is recovered from all ratepayers rather than from the facility. It is collected through
ordinary electricity bills, so households bear it roughly in proportion to their electricity
consumption. Consumption rises with income but far less than proportionately, so the
charge is steeply regressive as a share of income. The median U.S. household spends
about 2.9 percent of income on energy, low-income households between 6 and 15 percent,
and a quarter of low-income households above 15 percent (?7). A socialized grid cost is
therefore borne, relative to income, something like three to five times as heavily by the
poorest households as by the median one.

The other side of the ledger runs the opposite way. The benefits of the buildout—rents
captured by providers and surplus enjoyed by users of Al—accrue disproportionately to
the affluent: to shareholders of a small number of firms, and to professional and business
users who are the early adopters of paid services. The socialization of v is thus a transfer
up the income distribution, with a large and growing base.

The consequence for policy is that the welfare weight on the grid-cost term is doing
real work, and it points the same way as the efficiency argument. Charging the data
center for the capacity it causes, through a dedicated large-load rate class or a load-based

Pigouvian charge, corrects the externality and stops the regressive transfer in a single
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stroke. The token tax does neither: it cannot reach the grid cost, and its revenue is
recycled with no particular distributional tilt. It is unusual for a Pigouvian instrument
to have its efficiency and equity cases coincide—the standard worry about carbon taxes
is that they are regressive in use even when efficient (?). Here the regressivity is in the
status quo of socialized cost, and pricing the externality removes it rather than creating

it.4

7 Policy assessment

The preceding sections characterize an optimum. A finance ministry choosing among live
proposals needs something narrower: what each would raise, what it would cost, who
would bear it, and whether it can be administered. This section puts the framework to
that use. We score stylized versions of the four instruments under discussion, express the
comparison in a common welfare metric, ask which of them can be administered, then
turn to why the political system may nonetheless reach for the worst one, and close with

the measurements that would settle the remaining disagreements.

7.1 Revenue, distortion, and output

Table 5 runs each instrument through the model’s own lemmas at the baseline calibration.
The rates are chosen to correspond to instruments that have been proposed rather than
to be optimal: a ten percent usage tax as the round number that appears in public
discussion, three percent as the modal rate among existing digital services taxes, a fifty
percent cash flow tax on rents, and a charge of d = $0.05 per kilowatt-hour on data
center load. Revenue is net of the behavioral response; the output cost applies the entry
amplification ® of Proposition 6; deadweight loss is of Harberger form.

Three things in the table are worth stating. The rent tax raises between three and five
times what a ten percent usage tax raises, depending on whether recurring investment is
expensed first, at little or no output cost, because the base is large where the usage base
is small and the elasticity near zero where the usage elasticity is large. The usage tax
costs forty-four cents of deadweight per dollar raised, an unusually poor ratio for a tax

on a growing base, and the reason is entry amplification rather than the size of o,. And

4Two qualifications. The incidence of the benefit side is inferred from adoption patterns rather than
measured, so the transfer is regressive with confidence on the cost side and less on the benefit side;
and if a large load lowers average rates by improving asset utilization, the sign can flip. Both point
to measuring « rather than assuming it, and neither disturbs the central point that the grid-cost term
carries a distributional charge the token tax cannot touch.
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Table 5: Scoring stylized proposals at the baseline calibration

Instrument Rate Revenue DWL DWL per $ A Output
(% GDP) (% GDP) raised (%)
Token / usage tax 10% 0.083 0.037 $0.44 —0.375
DST-style levy on Al revenue 3% 0.039 0.003 $0.09 —0.112
Cash flow tax, sunk-stock base 50% 0.450 ~ 0f ~ $0f ~ 0f
Cash flow tax, stationary base ($=0.3) 50% 0.225 ~ 0f ~ $01 ~ 07
Data center emissions charge $0.05/kWh  0.03-0.09  negative gain ~0

Notes. Baseline: 8 = 0.015, o, = 1.965, ® = 2.5, u = 2.5. Revenue for the usage tax and DST
is t0(1 — ®ogt/(1+1)); DWL is 3®0,6t%; output uses Lemma 1 with pass-through ®. The rent
tax is reported on two bases: the sunk-stock reading, in which the operating surplus (1—1/p)6
is fully taxable, and the stationary reading of §B.2, in which recurring training and capacity
investment of ¢ = 0.3 of revenue is expensed first, leaving [(1 — 1/u) — ¢]6. The second is the
more defensible if frontier retraining is permanent rather than a phase. The emissions charge
is applied to U.S. data center load of roughly 180 TWh currently and 400-600 TWh by 2030
(Shehabi et al., 2024; International Energy Agency, 2026), giving $9bn today and $20-30bn at
the end of the decade; its “deadweight loss” is negative because the first $0.05 per kWh corrects
a pre-existing externality worth more per unit than the revenue it raises. TThe rent-tax entries
are the theoretical neutrality of Proposition 4, which holds for an ideal cash flow base and does
not survive contact with a real statute; §7.3 puts a magnitude on the departure. Read these
entries as “an order of magnitude smaller than the usage tax” rather than as exact zeros.

the emissions charge is not in the same column as the others: it raises real money while

improving allocative efficiency, so its entry in the deadweight column is a gain.

7.2 A common metric: the marginal value of public funds

Revenue and deadweight loss are not comparable across instruments whose burdens fall
on different people. The marginal value of public funds of Hendren and Sprung-Keyser
(2020) supplies a common denominator, willingness to pay of those who bear a reform,
over its net cost to government, and for a revenue-raiser a lower MVPF means a cheaper
dollar. Table D.2 in Appendix D.5 reports it for each instrument; the ranking is the
paper’s recommendation restated in a metric finance ministries already use.

The emissions charge is cheapest under either ownership structure, at 0.38 to 0.69 in
the long run, because part of what looks like a burden is a correction. The cash flow tax
follows at 1.00 domestically and 0.00 for an importing economy, which is the terms-of-
trade point of Corollary 2 in MVPF form. The usage tax is dearest under both, at 1.18
to 4.43 depending on the rate and on who owns the rents, and its cost rises with the rate
because the entry channel compounds.

Two qualifications cut against our preferred instrument and belong in the text rather
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than the notes. The emissions charge’s advantage is a long-run advantage: at the short-
run elasticity its MVPF is 0.94 to 0.97, barely below the rent tax, and the gap opens only
as the efficiency and siting margins operate. And the corrective benefit must be netted of
relocation, since Burke and Abayasekara (2018) find the large long-run industrial elasticity
arises precisely because electricity-intensive activity clusters in low-price states, which
through our model is leakage rather than abatement, delivering no global benefit. One
asymmetry runs against the tariff intuition and is easy to conflate: the usage tax scores
worse for an importing economy, because the buyer price rises by ® while the incumbent
margin gain leaves the country. Corollary 2 operates through the social marginal cost of
the rent, not through the MVPF of the levy.

7.3 The zeros are not honest zeros

Proposition 4 delivers exact neutrality, and Table 5 therefore carries zeros for the cash
flow tax. We do not believe those zeros and neither should a finance ministry. They are
a property of an idealized base—immediate expensing of all investment, full loss offset
carried forward with interest, no distinction between normal return and rent, no ability to
relocate the taxable entity—and no enacted statute has had all four. Appendix B.8 lists
the four channels through which a wedge creeps back in, each with its drafting remedy.
The claim we defend is weaker and still decisive: the distortion is smaller than a usage
tax’s by an order of magnitude, not nil, and the magnitudes are second order in the
residual wedge, which is what makes the comparison robust even though the zero is not.
Suppose the channels together leave an effective wedge on the marginal return of a tenth
of the statutory rate, and an investment elasticity of unity—both pessimistic. On a base
of 0.9 percent of GDP the deadweight loss is of order 0.005 percent of GDP, or roughly
two cents per dollar raised, against forty-four cents for the usage tax and nine for the DST.
The ordering survives any plausible value, for a structural reason: the usage tax distorts
an inframarginal-heavy base at a rate amplified by entry, while the cash flow tax distorts
only whatever fraction of the normal return the statute fails to expense. Closing the gap

is a drafting problem, not an economic one.

Administrability. Optimal tax formulae assume the base is observable, and following
Keen and Slemrod (2017) we treat administrability as part of instrument choice. The
emissions charge is the easy case: the base is metered by the utility at the point of
delivery for billing purposes that already exist, tons follow from kilowatt-hours and a

published grid factor, and electricity delivered to a physical site cannot be booked in
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another jurisdiction. The rent tax is demanding but familiar, and its failure mode is
political rather than technical. The usage tax is trivially easy to administer, and that is
part of the problem: administrative convenience is precisely why it attracts legislatures,
and a low enforcement cost is a genuine advantage that must be weighed rather than
dismissed—our claim is that it does not come close to offsetting a base that is wrong by
an order of magnitude on the harm-to-value ratio. The border adjustment is the hard
case and we do not overclaim it; Appendix E.1 sets out why, and the three fallbacks in

descending order of fidelity.

7.4 Why we might get the wrong instrument

If the usage tax is poorly suited to every stated goal, why is it the instrument most often
proposed? The model contains the beginning of an answer, and it comes from the entry

result rather than from any appeal to confusion among policymakers.

Proposition 9 (Incumbents prefer the usage tax). Compare a usage tax with a revenue-
equivalent cash flow tax on rents. The cash flow tax lowers incumbent profit one for one
with the revenue it raises. The usage tax, by Proposition 6, raises the equilibrium markup
through the entry channel, so incumbents recover a share ® — 1 of the statutory burden
through higher margins on retained sales; for sufficiently high fized cost the surviving
incumbents can be left better off than under no tax at all. Incumbents rank the instruments

i the opposite order to the planner.

The content is a positive prediction, not a normative claim: the instrument that
is worst for welfare is the one the most concentrated and best-organized interest has
least reason to oppose, because it raises rivals’ entry cost and lifts margins on the sales
that remain. This yields a testable implication that distinguishes the account from mere
pessimism. If incumbents prefer the usage tax for the entry-barrier reason, their revealed
positions should track firm size and sunk cost: the largest labs least opposed to usage levies
and most opposed to rent taxes and interoperability mandates, smaller entrants holding
the reverse ranking. That is a pattern one can look for in lobbying disclosures. Appendix
E.2 develops two further forces that push the same way and the normative implication,
which is not defeatism but sequence: because the worst instrument is the path of least
resistance, the reforms most worth defending are the ones the political system will fight
hardest.
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7.5 What would settle this

The framework’s practical value is not that it delivers rates but that it says which mea-
surements would change the answer. We list them in descending order of how much a
credible estimate would move the conclusion.

First, the recurring-investment share ¢, and through it the rent share r. By Corollary
5 this one quantity fixes both how much rent a cash flow tax can reach and how large
the market-power correction is, so it decides between the two live positive proposals.
Our range rests on an accounting decomposition rather than data. What is needed is a
decomposition of frontier inference margins into marginal cost, recurring investment, and
residual rent, buildable from public sources—accelerator rental rates against measured
throughput, published API prices, training-run costs amortized over plausible inference
volume—and exactly the kind of thing a disclosure requirement could produce. We list it
first because it is decisive for instrument choice, not because the sign of the usage tax is
the interesting question: Section 6.4 finds the level far more robust than the sign, and no
value of ¢ delivers a usage tax at the rates proposed.

Second, the exposure gap A, at the individual level. This is what the size of the predis-
tribution term chiefly depends on, and the literature sets it to one by assumption rather
than reporting it. Table 2 gives the occupation-level version, in which the ex ante group-
ing enters through the education distribution of an occupation’s incumbents rather than
through the workers themselves. That is enough to establish the two facts that matter
for the argument—that |A,| is nowhere near one, and that the sign flips between rou-
tine and direct-Al measures—but it is not the whole estimand. One year of American
Community Survey microdata merged to the same occupation-level scores would deliver
the individual-level version, would allow the earnings and agexeducation groupings we
cannot construct from occupational aggregates, and would supply the sampling variance
of two proportions, which we cannot. The same exercise should then be run on realized
adoption, using the occupation-level index of Bick et al. (2026) once it is released. Ex-
posure measures what Al could reach. The model’s o concerns what it does reach, and
the two differ enough to be worth separating (Appendix D.7). We expect it to move the
numbers of Table 2 toward zero, since our construction averages out within-occupation
heterogeneity in education, and doing so can only make groups look more segregated than
they are. That expectation is what wants checking.

Third, the grid-cost wedge v and its incidence. The staggered adoption of dedicated
large-load tariffs across U.S. states is close to an ideal setting for a quasi-experimental

estimate of the pass-through of data center load into other customers’ rates, and the same
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variation would identify the distributional incidence of Section 6.5, which we currently
infer from expenditure shares rather than measure. Note that v barely moves the level of
the electricity wedge; what it governs is the equity argument.

Fourth, the leakage rate £. Our single affirmative case for a usage tax rests on a parame-
ter never estimated for compute. The same tariff variation would show whether announced
siting shifts toward non-adopting jurisdictions, which is leakage measured directly. Until
then Proposition B.1 is a conditional statement rather than a recommendation.

Fifth, the concentration of Al equity. Lemma 4 derives the shareholder weight from
consistency with ¢y, and the one input it takes from data is where the equity-weighted
dollar of frontier-AI ownership sits in the income distribution. We use the position implied
by aggregate corporate equity holdings, but frontier Al is held more narrowly than the
market—Dby founders, early employees and concentrated venture positions—so the relevant
zg is plausibly higher and gg lower than we assume. Ownership registries and Form 4
filings would sharpen this, and it enters the largest term in the formula.

Two further inputs—the workload composition behind Table 1 and the split of Al en-
ergy between training and inference—are not model parameters but calibration inputs no

public source reports. Both would be resolved by disclosure rather than by econometrics.

8 Conclusion

The debate about taxing Al has run four different arguments together. Once separated,
they point to different instruments and, in one case, in the opposite direction to the one
usually assumed.

The externality is real, but it lives in the electricity system rather than in the token.
The residual wedge there is between sixty percent and more than the whole of the price
of a kilowatt-hour, driven mainly by unpriced carbon, against a few percent for a tax on
Al usage—and no single ad valorem rate can track a harm whose ratio to value varies
by an order of magnitude across workloads, whereas a charge per kilowatt-hour tracks it
by construction. Pricing at the meter also reaches the efficiency margin, so its advantage
grows with the horizon, and its efficiency case coincides with its equity case, since the
socialized grid cost it corrects is itself a regressive transfer.

The redistributive argument is real and small. It is smaller than the robot-tax litera-
ture implies because that literature identifies the losing group with the exposed occupation,
which is a modelling convention rather than a fact, and because the parameter usually

read as mobility is the same parameter that makes the losing group identifiable in the first
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place. The market-power argument runs the other way, but at a third of its textbook size
once one asks how much of the markup is rent, what a dollar to a frontier-lab shareholder
is worth to a planner who weights routine workers above average, and how much of any
correction free entry dissipates in duplicated training runs.

Netting the three, they nearly cancel. Placing priors on every uncertain parameter at
once, and imposing the restrictions the model itself generates—mobility tied to the expo-
sure gap, the rent share tied to recurring investment, the entry offset tied to the demand
elasticity—the optimal usage tax on a domestic sector is negative in ninety percent of the
parameter space, above five percent in under one percent of it, and above ten percent in
none. That asymmetry is the practical message. The sign is not the robust finding, and
we do not recommend a subsidy: underprovision is the rent tax’s problem, and assigning
it there leaves an efficient wedge on usage of four and a half percent at most. What is
robust is the magnitude. The instrument being legislated is calibrated an order of magni-
tude above anything the model supports, and the wedge that is unambiguously large sits
on the kilowatt-hour rather than on the token.

Each of the three corrections removes an assumption rather than adding evidence, and
what survives all of them untouched is the electricity wedge. That is why the recommen-
dation rests on the meter rather than on the formula. Tax the kilowatt-hour, not the

token; the rent, not the transaction.
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A  Proofs

Proof of Lemma 1

The final good is the numeraire, so its price equals unit cost, which by (1) is cywi */A.
By (2), 0lnca/0Ing = s, so the cost index rises by AsdlInq at fixed factor prices. With
the output price fixed at one, quantity falls by the same proportion to first order. [

Proof of Lemma 2

From (9), wg/wy = [A(1 —$)/(1 = N)] - (Ly/Lg). Let = dIn(wg/wy). Differentiation
and (2) give dIn(1 —5) = —7>~dIlns = s(c —1)dIng, so z = s(c —1)dIlng—dIn(Lg/Ly).
Labor supply satisfies dIn L; = e;dIn[(1 — 7)w;], hence dIn(Lr/Ly) = €. Solving for

x gives the result. [ ]

Proof of Lemma 2 and Proposition 5

Relative wages. From (9), wg/wy = [A(1—5)/(1=N)]-(Ln/Lgr), so with z = dIn(wg/wy)
and using (2),
x = s(oc—1)dIng — dIn(Lgr/Ly).

Relative task labor responds through two margins. The intensive hours margin contributes
erx. Thereallocation margin contributes £z, where € is defined by d In(Lg/Ly) ‘reauocmon =
& x. The two are additive because they operate on distinct decisions: how many hours to
supply, and to which task. Substituting and solving gives = = s(o — 1)dIng/(1 +¢e, +E).
The identity & = k(1 — A?). Differentiating the Fréchet share in (7) gives dInf;p =
k(1 — lig)z and dIn(1 — {;r) = —klirx. Let s;g denote group i’s share of routine

employment and s;y its share of non-routine employment. Aggregating,
& = ﬂ[ziSiR(l —lig) + > ;sinlir|-

Under the symmetric specification of (6), with equal group masses and A,p/An = €22,
Aop/Aon = €792 we have lop = 1 — (1R, hence s1g = {1, Sop = 1 — lig, S18y = 1 — U1,
son = l1r, and the bracket collapses to 4¢1x(1 — ¢1g). Since Ay = lig — log = 201 — 1,
we have 401z(1 — (1) = 1 — A2, giving £ = k(1 — A2). Evaluating ¢,z at wgp = wy gives
lip = (1 +e77/%) 71 and therefore A, = tanh(ko/4).

The distributional value. By (8), dIn(W;/Ws) = Ay x: the switching margin drops out

by the envelope theorem, since the marginal switcher is indifferent, and the relative welfare

1



movement between groups is the relative task-wage movement scaled by the exposure gap.
Substituting into the evaluation of €2 in the proof of Proposition 2, with ¢§; defined on ex
ante groups so that ). g;W; = 0 holds throughout the reform, replaces s(c —1)/(1+¢y)
by Ays(oc —1)/(1 4+ ¢, + €) and leaves every other step unchanged, since neither A, nor
& enters the resource cost of a unit of Al or the external cost D.

Comparative statics. It is convenient to change variable to u = ko/4 > 0, so that

A, = tanh v and, writing ¢ = tanh v and sech?u = 1 — ¢2,

E=r(1-1%) = 4—usechzu.
1%

For (i): & — 0 as u — 0 because v — 0, and & — 0 as u — oo because usech’u <
due 2 — 0; since £ > 0 in between, it is hump-shaped, with the interior maximum at
the unique root of 2utanhwu = 1. Part (ii) is immediate from the strict monotonicity of
tanh on [0, 00).

For (iii), write A = 1+¢;, > 0 and f(u) = Ay/(A+E) = t/(A+ (4u/ ) sech®u), so that
Q/pis f(u) times a positive constant. Differentiating, and using d€ /du = (4/ ) sech?u (1—

2utanhu),
sech?u

f(u) = At ee [A + %(u—t—l—uﬁ)].

Every term in the bracket is nonnegative: ut?> > 0, and v > tanhu = ¢t for all v > 0.
Hence the bracket is bounded below by A > 0 and f’(u) > 0 for all u > 0, strictly and
without any auxiliary condition. The limits are f(0) =0 and f(c0) = 1/A =1/(1+¢€L),
the latter being exactly the fixed-assignment value, which establishes (iii). We note that
the bound is tight in the sense that the bracket attains A only in the limit u — 0, so the
monotonicity does not depend on the size of g: it holds uniformly over the comparative-
advantage gap.

Part (iv) follows from €& > 0, which gives Q/p < Ay (1—=7)g1(c—1)(1—s)/[(1+¢eL)oy],
with equality only when £ = 0, that is at x € {0,00}; and A, > 0 rules out k = 0. O

Proof of Proposition 1

Under these conditions the economy satisfies the hypotheses of Diamond and Mirrlees
(1971). Producer prices can be held equal to social marginal costs while any feasible
revenue is raised on final uses and factor incomes. A positive ¢y places a wedge on
the intermediate margin, which by Lemma 1 raises the unit cost of the economy by

Asty to first order and lowers output. Replace ¢y by zero and adjust the income tax to



hold revenue constant: the tagged income tax attains the same distribution at the same
revenue with strictly larger output. Separability and type-contingent taxes also make Al
intensity uninformative once earnings are observed, so by Atkinson and Stiglitz (1976) no

differentiation of labor taxes by Al usage is desirable. [ |

Proof of Proposition 2

Write the domestic social marginal cost of a unit of AI. The short-run resource cost is m.
Netting out the economy-wide benchmark fi, the excess markup (u — fi)m splits, by (5),
into a fixed-cost-recovery part (1 — r)(u — p)m = F/y and a pure-rent part r(u — ii)m.
The fixed-cost part is a genuine resource cost: it pays for F', without which the good is
not produced, so it belongs in social marginal cost on the same footing as m. The rent
part is a transfer; of it, the share f leaves the country and is a domestic cost, while the
share 1 — f is a domestic transfer that cancels. A uniform markup ji elsewhere acts like a
uniform consumption tax and is not distortionary at the margin, so the correct benchmark

nets it out. Collecting terms, the domestic social marginal cost is
SMC = fim + (1=r)(p—f@)m + fr(p—p@m + D,

where the second term restores fixed-cost recovery above the benchmark and the third
counts foreign rent. Firms equate the marginal value of Al to ¢ = (1+4¢y)wm. Optimality
requires the buyer price to exceed social marginal cost by the shadow value 2, per unit

of Al, of the wage compression a marginal reduction in a delivers:
I+t pm = pm+ (1 —r)(p—pgm+ fr(p—pm+D+ Q. (13)

Divide by gum = p. The first two terms on the right combine to um — r(u — fi)m over
pum, that is 1 —r(1 — i/u), and adding the foreign-rent term gives 1 — (1 — f) (1 — ii/p).

) ]
G- D <1—f>r(1—§),

which is (11) once € /p is evaluated. The rent share r now scales the market-power term,

Rearranging,

so a markup that is entirely fixed-cost recovery (r = 0) contributes nothing, as claimed.
To evaluate 2: with the income tax optimal, the distributional value of the reform is

the sum of net welfare weights times changes in net income, and by Lemma 3 the common

component drops under its covariance condition. Using >, §;WW; = 0 over ex ante groups,

so that ;W7 = —g,Ws, and (8) to convert task-wage movements into group-welfare

3



movements,

dwdist
ing (1—171) gleLRdlan—l—gNwNLNdlan} /dlnq
. dIn(wg/w
= (1=7)g1wrLr- (dl—ﬁ/qN)’

which by Lemma 2 and (8) equals (1 —7)g1wrLr Ars(c—1)/(14+er+E). The associated
fall in Al use is —da = o,adIng by (10), so

Q 1 dw®/dlng  (1-7)§1Ars(c —1) wgLg
D D 040 - (1+eL+E), pa

By (9), wgLgr/(pa) = AM(1 —s)/(As) = (1 — s)/s. The factor s cancels, leaving the stated

expression. [ |

Proof of Proposition 3

Under tg the provider’s energy price becomes p. +tg and the efficiency condition becomes
O'(&) = —(pe + tr)e'(§). At tp = d the provider internalizes the full social cost of a
kilowatt-hour, chooses £*, and passes the resulting marginal cost into the price, so the
scale margin is correct as well. Under ¢;; the provider’s energy price is unchanged, the
efficiency condition is unchanged, and ¢ = £° regardless of the rate: a usage tax is a wedge
on output, not on energy, and the energy intensity of provision is not a function of the
output price. The residual loss is the excess of the social cost of provision at £° over its

minimized value at £*, which is A. Strict convexity makes A > 0 unless ¢/ = 0. |

Proof of Proposition 4

The provider maximizes (1 — 2)[P(Q)Q — m(§)Q — F]. Since z scales the objective, the
maximizing ), P, and £ are unchanged, and revenue zII is raised without distortion. The
usage tax raises typa and induces dlna = —o,ty to first order, generating a Harberger

loss of order 1o, pat} > 0. |

Proof of Proposition B.1

(i) A marginal unit of domestic abatement reduces global emissions by 1—/, so its marginal
social benefit is (1 — ¢)d per kilowatt-hour while its marginal cost is borne domestically
at full value. This is the leakage adjustment of Markusen (1975) and Hoel (1996). (ii)

4



The share ¢ of domestically consumed Al is served by compute abroad and escapes t7;; its
embodied residual damage is £D per unit. A levy on the buyer at £D/p applies exactly
that wedge and is invariant to the location of the server. (iii) Adding the pass-through
of (1 —{)d- e to the levy ¢D gives D. Fischer and Fox (2012) establish the analogue for

border carbon adjustment in goods trade. [

Proof of Proposition 6

We work with the conduct model of (4) and hold the pass-through discipline of (17). At
fixed n, the constant-elasticity markup is multiplicative, so dlng =dIn(1+ty) +dlnpu+
dInm; with m fixed and p fixed at fixed n, short-run pass-through is py = 1, establishing
the first claim of (17). The amplification is therefore entirely an entry effect. Per-firm
profit under the symmetric conduct (4) is 7 = (p—m)y — F with y = @ /n; at the Cournot
value y = 1/n thisis 7 = pQ/(n’c,)—F. Free entry m = 0 gives n = (pQ/(c,F))"/?, hence
dlnn = %dln(p@). Producer revenue is pQ = ¢Q/(1 + ty) and, by constant-elasticity
demand, dIn(¢Q) = (1 — 0,)dIng, so around dlng ~ dIn(1 + ty) we have dIn(pQ) =
—o,dIn(1+ty) and dInn = —30,dIn(1+ty). Writing z = x /o, = (n—1)/p with x = 1/n,
we have dlnz = —dlInn at fixed o, and dlnp/dlnz = p— 1, so dlnp/dIn(1 + ty) =
(1—1)-30,. Total pass-through including entry is ® = dIng/dIn(1+ty) = 1+ 5(u—1)o,.
Since the optimality condition (13) equates the buyer price to social marginal cost, and the
buyer price now rises by ® > 1 per unit of tax while social marginal cost is unchanged,
the tax satisfying (13) is strictly below its fixed-structure value. The distinction from
Proposition 3 is clean: there, at fixed n, both instruments have unit pass-through and
the emissions charge wins on the efficiency margin; here the entry margin adds a penalty
that falls on the usage tax alone, because the emissions charge raises m symmetrically

and does not shrink the number of firms relative to the market it serves. [ |

Proof of the pass-through identities (17)

The equilibrium price is p = u(n) m with u(n) = (1—x/o,)~* and x, o, constant at fixed
n. An emissions charge raises the marginal cost multiplicatively, m — m(1 + tg) with {5
the proportional cost increase, so dlnp = dIlnm and pg = 1. The usage tax enters the
buyer price as ¢ = (1 +ty)p, so at fixed n (hence fixed p and m) dlng = dIn(1 +ty) and
pu = 1. Both identities hold exactly for constant-elasticity demand and any conduct x;
they fail only through the entry channel dInn # 0, which is the subject of Proposition 6.
|



Proof of Lemma 3

Let the reform induce dlnw; = dIlnw + €;, with the relative component normalized by
>_jwjLje; = 0. Evaluate welfare at the optimal (7,7): by the envelope theorem the
induced re-optimization of the tax has no first-order effect, so we may compute the direct
effects of the wage change holding (7, T') fixed. Measured in units of public funds, welfare
moves through two channels. By Roy’s identity the private valuation of the wage change is
(1—7)>_; 9 w;L; dInw;, where g; is the social marginal welfare weight normalized so that
its population mean is one. The induced change in revenue is 7 jwiLi(1+ep)dInwy,
since a wage change of dInw; raises earnings both mechanically and through the labor-
supply response ¢, that weak separability isolates; this revenue is returned lump sum.

The optimal linear tax satisfies the first-order condition
> giwil; = ijLj(l e 5L)7
J J

i.e. the income-weighted average welfare weight equals 1 — ;"—e7. Apply this to the

common component dlnw; = dInw: its total contribution is
i [(1=7) 3 gywsly+7(1+21) Y wyly| = dlw Y- wjL;,
J J J

where the first-order condition collapses the bracket to s wiLy. This is precisely the
marginal value of the change in aggregate labor income, the same object the resource
accounting of Lemma 1 already books through dInY’; it is an efficiency term, not a
distributional one, and to avoid double counting it does not re-enter the distributional
shadow value Q. What remains for Q is the relative component, (1 —17)3_;g;w;L;¢;,
in which the common part has vanished because ) i gjwjL; = 0 by the definition of the
income-weighted excess weights g; = g; — g.

If the reform also shifts a distributional moment orthogonal to a proportional shift, a
linear tax cannot neutralize it; writing its projection on the rank statistic as Cov;(g;, rank;),

a residual of order (dInw) Cov;(g,, rank;) remains, vanishing iff the covariance is zero. B

Proof of Lemma D.1

With a CES outer aggregator of elasticity 1, the automatable value share is A(q) =
Xocl "/ (Moc "+ (1= Xo)wy, ™), whose elasticity with respect to ¢y is (1 —7)A(1— ), and
Olncy/0Ing = s. The predistribution term is /p o< A(1—s) /o, times the share-weighting



that in the Cobb-Douglas case is constant; differentiating, the CES case multiplies it by
1+ (n—1)¢ with ¢ = sA(1 — X)/A = s(1 — ). Since s = 6/ and 6 < 0.02, ¢ < 0.02
and |(n — 1)¢| < 0.02 for n € [0.5,2]. Hence the correction is below two percent and the

cancellation of € is exact to first order. [ |

Proof of Proposition B.2

The first part is the standard Pigouvian argument applied to K, together with the obser-
vation that the firm’s choice of K is a decision about model capability, taken before and
separately from the volume of inference sold, so the two are not proportional in general.
For the second part, a threshold sets an implicit marginal tax of zero below K and infinity
at K. With heterogeneous providers, the marginal value of the last unit of compute differs
across firms at the threshold, so the allocation of aggregate training compute across firms
is not cost-minimizing for the risk attained. A uniform levy equalizes marginal value

across firms at R’, which is the standard equimarginal principle. [ |

Proof of Proposition B.3

Write H(T) = Zstl p°, which is positive and increasing in T'. The efficiency first order
condition (15) is ¢'(§) = —H(T)(pe + t)e'(£)Q. Define G(§;a) = ¢'(€) + a€'(§) with
a= H(T)(p.+1t)Q > 0; the optimum solves G = 0. Since ¢ and e are strictly convex with
¢ >0,¢">0,¢ <0, >0, we have 0G/0¢ = ¢" +ae” > 0, so the optimal ¢ is unique,
and 0G/0a = ¢ < 0. By the implicit function theorem d¢/da = —(0G/da)/(0G/IE) =
—e'/(¢" + ae”) > 0. Thus ¢ is increasing in a.

(i) The emissions charge sets t = d > 0, giving a® = H(T)(p. + d)Q, while the usage
tax leaves the perceived energy price at p,, giving a¥ = H(T)p.Q < a¥. Since £ increases
in a, £8(T) > €Y(T) for every T > 1.

(ii) @ is increasing in T through H(T), so both efficiencies rise with the horizon. For the
gap, write & —¢U = faaf & (a)da with & (a) = —€' /(" +ae”) > 0 and ¥ —a¥ = H(T)dQ,
so the interval of integration widens in T" while its left endpoint a¥ = H(T')p.Q also moves
right. Two forces therefore act in opposite directions, and the gap is increasing in 7T if
and only if the widening dominates the decay of &’. A sufficient condition is that a £'(a)
be nondecreasing, i.e. that the elasticity of & with respect to the effective energy price
not fall as that price rises; this holds, for instance, in the isoelastic case p(£) = @™
with e(§) = o™, for which ¢ o a'/(* and the gap scales as H(T)Y ) [(p, +

d)t/(tvre o (HHE)}QI/ (1449 manifestly increasing in 7. We adopt this condition;



absent it, part (i) and part (iii) below are unaffected, and only the monotonicity of the
efficiency gap itself is at issue.

(iii) The per-period social cost of provision at efficiency ¢ is (p. + d)e(£)@, and the
one-time investment cost is ¢(§). Total social cost over the horizon is C'(§;T) = ¢(§) +
H(T)(pe +d)e(£)Q, minimized at £¥(T). Evaluated at the usage-tax choice £Y(T'), which
is not the minimizer, the excess A(T) = C(¢Y(T); T) — C(¢E(T); T) > 0. Differentiating
and applying the envelope theorem at €, dA/dT = (p. + d)Q [e(¢Y) — e(£F)| H'(T) >
0 since e(€Y) > e(¢F) by (i) and H'(T) > 0. Convexity follows because the bracket
e(EY9(T)) — e(¢P(T)) is itself increasing in T' by (ii), so dA/dT is increasing. |

Proof of Proposition E.1

Under the cash flow tax of Proposition 4, the provider’s optimum is unchanged and after-
tax profit is (1 — 2)I1, so incumbent profit falls by zII, exactly the revenue raised. Under a
usage tax raising the same revenue, incumbents’ pre-entry position changes through two
channels. Statutory incidence lowers the effective price they receive, but by Proposition

6 the equilibrium markup rises as marginal entrants exit, at rate dlnpu/dIn(1l + ty) =

(1 — 1)o,. The surviving incumbents’ per-unit margin is (1 — 1)m, which rises with s;

their retained volume falls, but the margin increase applies to the inframarginal sales they

keep. Let & =1+ %(,u —1)o, be the buyer-price pass-through. The share of the statutory

1
2

strictly less than the full burden, whereas under the cash flow tax they bear all of it.

burden recovered through higher margins is ® — 1 = 5(u — 1)o, > 0, so incumbents bear
Hence incumbents strictly prefer the usage tax to the revenue-equivalent cash flow tax.
For the stronger claim, note that as F' rises the number of firms falls, y rises, and ® — 1
rises without bound in the relevant range; for ® large enough the margin gain on retained
sales exceeds the statutory burden and surviving incumbents are better off than with no

tax. The planner’s ranking from Propositions 2—4 is the reverse. [

B Extensions

This appendix collects extensions referenced in Section 5. None changes the sign of any

term in (11), and all move the optimal usage tax in the same direction, which is down.



B.1 A caveat on the form of the tax

The argument so far concerns the tax base: energy versus the value of Al output. There is
a separate question about the tax form, namely whether a levy is specific (a fixed amount
per kilowatt-hour or per token) or ad valorem (a percentage of price), and market power
bears on it in a direction that partly cuts against our recommendation. Since we have
leaned on market power to argue against the usage tax, we owe the other half of the
ledger.

The classical result is due to Suits and Musgrave (1953) and, for oligopoly, Delipalla
and Keen (1992): for equal revenue, an ad valorem tax on an imperfectly competitive
market yields a lower consumer price than a specific tax, and is therefore welfare supe-
rior. The comparison is in fact one of the oldest questions in public finance, going back
to Cournot (1838) and surveyed by Keen (1998), who traces the line from Cournot’s
monopoly analysis through Wicksell to the modern competitive statement of Suits and
Musgrave (1953). The mechanism is that an ad valorem tax scales with price, so the
treasury absorbs a fixed share of any price increase the firm engineers, which blunts the
firm’s incentive to restrict output. A specific tax has no such property; the firm keeps the
full price increase net of a constant per-unit charge. Under perfect competition the two
forms are equivalent, but the Al sector is a case where they are not.

This matters because our preferred instrument, a per-kilowatt-hour charge at the data
center, is specific, while the usage tax we argue against is ad valorem. On the market-
power margin alone, then, the instrument we favor is the less well behaved of the two.
The tension is real, but it does not overturn the ranking, for four reasons. First, the
two considerations operate on different objects: the base question is about targeting the
externality, which is worth the order of magnitude documented in Section 6, while the form
question is a second-order refinement of pass-through within a given base. A large gain on
targeting dominates a smaller loss on form. Second, the Suits-Musgrave advantage of the
ad valorem form is largest when it applies to the marked-up good, and the data center’s
electricity is not the marked-up good; the markup sits downstream, on the token. A charge
on the upstream input inherits little of the downstream market power, so the form penalty
is muted where we actually propose to levy. Third, the efficiency-margin and location
results of Proposition 3 and Corollary 3 have no counterpart for the ad valorem form:
an ad valorem tax on tokens still cannot move the carbon intensity of a kilowatt-hour,
whatever its pass-through properties. Fourth, and although we do not model electricity
use in other sectors, a charge on data center power would in practice be a step toward (or

an extension of) a charge on industrial electricity generally. Applied broadly it corrects



the same externality without introducing a wedge between Al and other users of the same
kilowatt-hour, which is precisely the inter-sectoral distortion an Al-specific instrument
risks creating. Section 6.5 takes up how AI’s electricity use interacts with existing rate
structures, and the point there reinforces this one: the reforms that matter most are
changes to how large loads are charged in general, not a levy carved out for Al.

The clean statement is therefore as follows. If the choice is between a specific and an
ad valorem tax on the same base, market power favors the ad valorem form (Keen, 1998).
But the first-order choice is the base, not the form, and there the externality argument
points decisively at energy. Where the two principles can both be honored, they should
be: a levy on data center energy can itself be structured as a percentage of the wholesale
power price rather than as a flat per-kilowatt-hour charge, capturing the Suits—Musgrave
benefit on the small amount of market power present in generation while keeping the base
correct. Indeed Myles (1996) shows that a suitable combination of a specific and an ad
valorem instrument can reproduce the Ramsey price and undo the imperfect-competition
welfare loss outright, which is the design-space version of the same point. We flag this as
a design refinement rather than build it into the model, since it does not affect any of the

magnitudes.

B.2 Training is not sunk once: recurring investment and the

size of the rent

Section 3 decomposes the markup into fixed-cost recovery and pure rent, and the discus-
sion of r has so far leaned on a sunk-stock reading: the training runs and clusters already
paid for cannot flee, so the quasi-rents they generate can be taxed without discouraging
an investment that has already happened. That reading is too convenient, and taken
literally it is not credible. It requires that no further training ever be necessary. Frontier
providers retrain continuously: each model generation requires a new run, post-training
and evaluation are ongoing, and clusters depreciate both physically and through obsoles-
cence as accelerator generations turn over. Investment in facilities and training does not
merely dwarf operating cost once; it dwarfs it every period. The right frame is therefore
ex ante and stationary rather than ex post and one-shot.

Formalize it minimally. Let providers spend I per period on training and capacity
to remain at the frontier, and write ¢ = I/(pa) for recurring investment as a share of

revenue. Under a cash flow tax with immediate expensing, I is deducted as incurred, so
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the base is the operating surplus net of investment:

cash flow base = (1—}%)19& — 1 = [(1—i) —gb]pa. (14)

Two consequences follow, and they pull in opposite directions for the two halves of the
paper.

Two consequences follow, and Appendix B.10 derives both. The rent tax raises less
than the sunk-stock reading suggests: at u = 2.5 the operating surplus is sixty percent of
revenue but the taxable residual is 60 — 100¢ percent, so at ¢ = 0.3 a fifty percent cash
flow tax raises about 0.23 rather than 0.45 percent of GDP, half again rather than triple
the usage tax. What does not change is the ranking, since (14) is precisely the base that
preserves neutrality: expensing means the marginal training run is never taxed.

More importantly, recurring investment pins down r, and pins it low. In a stationary
equilibrium the fixed cost recovered per unit is a permanent claim on the margin rather
than a legacy item, so (5) gives r = 1 — ou/(p — f1), and at p = 2.5, g = 1.25 a
recurring investment share of ¢ = 0.2, 0.3, 0.4 implies » = 0.6, 0.4, 0.2. The calibrated
range r € [0.2,0.4] that Section 6 obtains from an accounting decomposition is therefore
reproduced, independently, by the observation that training recurs. Both routes say the
frontier markup is mostly the price of staying at the frontier rather than rent, and the
limiting case r — 0 is not an artifact but what a stationary industry with permanent

retraining requirements looks like.

B.3 Mobile compute and the case for a destination base

The one argument that survives is the one least often made. Compute is mobile. A charge
on data center emissions can be avoided by moving the load, and the emissions then occur

abroad, often on a dirtier grid.

Proposition B.1 (Leakage and border adjustment). Let ¢ € [0,1] be the leakage rate,
the fraction of the reduction in domestic data center emissions that reappears abroad in

response to a unilateral charge, and suppose the planner values global damages. Then:
(i) the optimal origin-based charge is t5, = (1 — £)d, short of the full Pigouvian rate;

(ii) a destination-based levy on domestic purchases of Al services, at the ad valorem rate
tBA =0 D/p, restores the missing wedge and cannot be avoided by relocation, since

its base is domestic consumption of Al rather than domestic production of compute;

(iii) with both in place, the total wedge equals the full Pigouvian wedge D /p.
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This is the strongest available defence of a tax on Al usage, and it is narrow. The tax is
optimal not because Al is an input worth discouraging, not because it displaces labor, and
not because its providers are rich. It is optimal because it is the only administratively
feasible way to price a physical externality that has been shipped offshore. It should
therefore be designed as a border adjustment: benchmarked to the embodied energy and
grid intensity of the compute, creditable against carbon prices paid abroad, and set to zero
for compute served from a jurisdiction with an equivalent charge. A usage tax without
these features is not implementing Proposition B.1.

There is a working precedent, and it is instructive in both directions. The European
Union’s Carbon Border Adjustment Mechanism applies exactly this logic to goods: im-
porters of cement, steel, aluminium, fertiliser, electricity and hydrogen must surrender
certificates matching the embedded emissions of what they bring in, with credit for car-
bon prices already paid in the country of origin. The design principles we list above are
the ones CBAM adopts, which is some evidence they are administrable rather than merely
coherent. But CBAM also shows what the theory costs in practice. Embedded emissions
must be reported, verified, and defaulted when unverifiable; the definitional perimeter is
contested; the mechanism took years to phase in and remains disputed by trading part-
ners. Those difficulties arise for physical goods that cross a border on a ship with a bill
of lading. An AI query has no such paper trail, and, as Section E.1 argues, attributing
embodied energy to a service routed dynamically across data centers is materially harder
than attributing it to a tonne of steel. We take the CBAM experience as evidence that a
border adjustment on embodied emissions is possible, and as a warning that our version

of it is the least implementable recommendation in this paper.

B.4 Training compute and risk

Inference and training are different activities with different externalities, and an instru-
ment levied on tokens taxes almost exclusively the former. Suppose the largest training
runs generate an external social risk R(K), convex in the compute K used in a single
run, whether from misuse, from concentration, or from failures of control. Let training

compute be purchased at price pg.

Proposition B.2 (Training levy). The corrective instrument is a Pigouvian levy on train-
ing compute at the rate t5, = R'(K), evaluated at the post-tax level of K. A usage tax
on inference implements 5. only in the degenerate case in which training compute is used

in fized proportion to inference volume. Moreover, a levy strictly dominates a compute
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threshold: for any threshold K that induces the same expected risk, the levy attains it at

strictly lower resource cost whenever providers are heterogeneous in the value of scale.

The compute thresholds already written into regulation are a crude version of this
instrument. The model says that a price would dominate a threshold, for the usual
reason that a threshold is a tax rate of zero followed by a tax rate of infinity, and that
the base should be training compute rather than tokens served. Two caveats belong on
the record.B!

There is a second and more prosaic reason to separate training from inference, and it
belongs with the environmental argument rather than the risk argument. Training con-
sumes electricity and emits carbon, but it produces no tokens. The externality calculation
of Section 6 is computed per query and therefore covers inference only; the energy burned
training the model is nowhere in the base of a token tax. Its implicit tax rate is not low
but exactly zero. Estimates of the inference share of Al compute energy vary widely, his-
torical figures ran from about a third to sixty percent, and recent industry estimates put
inference at eighty to ninety percent of a deployed model’s lifetime energy, so somewhere
between one tenth and two fifths of the sector’s electricity is invisible to a levy on tokens.
A charge at the meter reaches it automatically, because a kilowatt-hour drawn to train a
model and a kilowatt-hour drawn to serve a query are billed identically. This is a distinct
point from the mis-scaling of Table 1: there the token tax applies the wrong rate to the
harm, here it applies no rate at all to a large and growing part of it. Given that training
is recurring rather than sunk, as Section B.2 argues, that blind spot is permanent rather

than transitional.

B.5 Dynamic efficiency: why the gap grows

Proposition 3 compares the two instruments at a fixed efficiency technology. But the
efficiency of Al provision is not fixed; it is the outcome of investment, and the striking fall
in energy per token over recent years was a response to the cost of energy, not a windfall.
Once efficiency is a durable investment rather than a static choice, the two instruments
diverge by more, and the divergence compounds over time. This is the one place where
the static formula understates its own conclusion.

Nothing here requires a long horizon. The essential structure is two periods (an ex

ante date at which the durable efficiency investment is chosen and an ex post date at

B-1Convexity of R is an assumption, not a finding; and if the marginal risk is not convex but has a
threshold shape, the ranking can reverse, which is presumably the implicit theory behind the current
rules.
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which output is served) and the reader who prefers that reading can set 7' = 2 throughout
and lose only the comparative static in part (i) below. We write the model with T" periods
because the horizon is itself the object of interest: it is what makes the instrument gap
grow rather than merely exist. Extend the model to T periods, then. In period one,
providers make a durable investment in efficiency £ at cost ¢(&), which lowers energy per
unit e(&) in every subsequent period. Energy is purchased period by period at price pe,
and the social cost of a kilowatt-hour is p. + d. A provider facing an instrument that

raises its perceived energy price to p. + t chooses

P& = = (ZLr) e+ D e Q. (15)

where p is the discount factor and @) is per-period output. The bracketed horizon term
multiplies the energy price, so a longer horizon raises the investment in efficiency for any

given t.

Proposition B.3 (The dynamic instrument gap). Let E(T) be the efficiency chosen
under an emissions charge tg = d and £Y(T) that chosen under a revenue-equivalent

usage tax, which leaves the perceived energy price at p.. Then:

(i) E8(T) > €Y(T) for all T > 1: the emissions charge always induces more efficiency

imvestment, because only it raises the perceived price of energy.

(ii) Both are increasing in the horizon, and the gap £¥(T) — EY(T) is increasing in T':

the longer the assets live, the more the emissions charge pulls ahead.

(11i) The cumulative welfare gap between the instruments, A(T), is increasing and convex
in T. A usage tar indexed to match the emissions charge on the scale margin in
period one falls progressively further behind on the efficiency margin as the horizon

lengthens.

The proof is in Appendix A; the mechanism is entirely in (15). A usage tax is a wedge
on output, so it never enters the energy price and never appears in the efficiency condition,
at any horizon. An emissions charge enters (15) directly and scales up with the life of
the asset. The efficiency margin is where the observed order-of-magnitude gains in energy
per token came from, so an instrument that is neutral toward it is not neutral toward the
thing that has actually reduced the footprint of Al

The dynamic result sharpens the policy reading in a way worth stating plainly. A
common defense of the token tax is that it is simple and the emissions data are noisy, so

the token tax is a reasonable approximation to be tightened later. Proposition B.3 says the
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approximation gets worse, not better, with time, because it forgoes an investment response
that accumulates. The right sequence is the opposite of the one usually proposed: get
the base right first, even crudely, because the base is what steers the durable investment,

and refine the rate later.

B.6 Business stealing and the market-power term

Proof of Proposition 7. Consider the symmetric Cournot free-entry equilibrium with
inverse demand P(Q)), constant marginal cost ¢, fixed cost F', n firms and per-firm output
x = @Q/n. Let s > 0 be a marginal output subsidy, equivalently a marginal reduction in
ty, and write m = P — ¢ + s for the margin over subsidized marginal cost. The Cournot
first-order condition is m = —P'(Q)x and free entry requires mz = F. Eliminating x

between the two,

n=q 29 - P@F. (16)

so along the free-entry locus both the number of firms and the equilibrium margin are
functions of @) alone.
Welfare is W = fOQ P(q) dg — c@QQ — nF; the subsidy is a transfer and does not enter

directly. Hence
aw aQ P dn

— = (P — —.
ds ( ‘) ds ds
Free entry gives nF' = m @, so F'dn = (Q dm+m d(). Substituting, and using P—c = m—s,
daw ( )dQ dm dqQ dQ dm
ds T ds  ds s ds’
which at s = 0 is —Q dm/ds. The naive allocative gain, which is what (11) prices, is

md@/ds. Defining y as one minus their ratio,

_—Qdm/ds B 1_l_Qalm - dlnm

_ _ _ 4, dlnm
X mdQ/ds mdo T dmQ’

evaluated along (16), which is the statement of the proposition. The economics is that
the direct gain from expanding output is exactly cancelled by the fixed cost of the entry
it induces, term for term, leaving only the second-order effect that operates through the
movement in the equilibrium margin itself.

Part (i), linear demand. With P = a — bQ we have —P" = b constant, so (16) gives
m = VbF, independent of Q and hence of s. Then dlnm/dIn@ = 0 and x = 1: a

marginal output subsidy has zero first-order welfare effect, every dollar of allocative gain
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being consumed by the fixed cost of the marginal entrant. This is Mankiw and Whinston
(1986) at the subsidy margin rather than at the entry margin, and it is the sharpest
available statement of business stealing.

Part (ii), constant-elasticity demand. With demand elasticity o,, the Cournot condi-
tion is m/P = 1/(no,) and free entry gives mQ/n = F, so n = \/PQ/(0,F) and m =
P/(no,). ThereforedInm = dln P—dInn = dln P—3(dIn P+dIn Q) = 3(dIn P—dIn Q).
Demand gives dIn P = —dInQ/o,, so

o4+ 1
20,

dlnQ 2

dlnm 1(1 1):_aq+17 Y= 1-

Y

o 204

which is increasing in o4, equals zero at o, = 1 and tends to % as o, — 00. The value at
o4 = 1 is a consistency check rather than a coincidence: with unit-elastic demand revenue
is invariant, so by (16) the equilibrium number of firms does not respond and there is no
entry to dissipate the gain. At the paper’s baseline o, = 1.965, x = 0.246. [J

Proof of Proposition 8. At the margin the buyer’s willingness to pay equals the price,
so marginal consumer surplus is zero and the entire wedge m accrues to the provider as
profit. The social value of a marginal unit of provider profit is (1 — f)gs: the share f
accruing abroad enters domestic welfare at zero, and the domestic remainder is valued
at the planner’s weight on shareholder income relative to the income-weighted average.
Scaling the allocative gain of Proposition 7 by this factor and expressing the wedge as the
rent share 7 of the excess markup, as (5) requires, gives the stated expression. The four
zero cases follow by inspection. [

Remark. The same force is what makes Proposition 6 an ambiguous welfare statement
in one direction and an unambiguous positive statement in the other. A usage tax raises
the equilibrium markup and reduces n; whether the reduction in n is a welfare loss depends
on x exactly as the subsidy case does. What does not depend on Yy is the incidence result
of Proposition E.1: incumbents gain from the reduction in n regardless of whether the

planner should want it.

B.7 The mobility—identification frontier

Proposition 5 says the pair (A, &) is not free. The frontier is drawn in the left panel of
Figure 1; it is the object a calibration should be disciplined against, and it makes clear

which combinations of beliefs are actually available. Three readings follow.

16



Eliminating x between A, = tanh(ko/4) and € = k(1 — A?) gives

£ =

| i~

(1 — A7) artanh(A,),

which is single-peaked in Ay, equals zero at both A, = 0 and A, = 1, and shifts down
uniformly as the comparative-advantage gap o widens.

First, the feasible set rules out the configuration on which the robot-tax case implicitly
rests. That case wants a large exposure gap (a sharply identified group of losers, so that
g1 has something to attach to) together with slow reallocation, so that the wage effect is
not competed away. The frontier says these are compatible only in the high-A, corner,
and in that corner the model is the fixed-assignment model, whose empirical premise is
that Al exposure is perfectly segregated across ex ante groups. It is not.

Second, the horizon enters through o rather than through x. Over a quarter, compar-
ative advantage is whatever accumulated human capital made it, and p is large. Over a
decade, cohorts choose skills knowing what Al can already do, which compresses o toward
zero and takes A, with it. This is a cleaner statement of the transitional argument than
the one in terms of a rising mobility parameter: what decays is not the friction but the
identifiability of the losing group, and the predistribution term decays with it. The right
sunset is the horizon over which ¢ compresses, which depends on cohort turnover and on
how fast the exposure frontier itself moves.

Third, two caveats cut in opposite directions and neither is resolved here. Reallocation
is not free even when it happens: switching costs, foregone tenure, and human capital
specific to the abandoned task are real resource losses that a relative-wage statistic does
not capture, so a positive £ understates the welfare loss from displacement even as it
damps the measured wage effect. Against that, the exposure gap is measured on ex ante
groups, and if the planner’s actual normative concern is with individuals rather than
groups, with whoever happens to hold strong comparative advantage in a routine task,
then the two-group structure still overstates how cleanly the burden falls on an identifiable
bloc, which is the limitation Thiimmel (2023) identifies. What survives both is that the
redistributive case for taxing Al usage is weaker, more transitional, and more dependent
on an unmeasured sorting pattern than the two-type model implies. We carry A, explicitly

from here on, report it as a range, and never rely on the A, = 1 corner alone.
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B.8 The zeros of Proposition 4 in practice

Neutrality is a property of an idealized cash flow base and no enacted statute has had all
of its features. Four channels put a positive wedge back in, and each has a known drafting

remedy.

o Imperfect loss offset. If losses are carried forward without interest, or expire, the
state takes a full share of the upside and less than a full share of the downside.
This is a tax on risk-taking and it falls hardest on exactly the frontier investments
whose returns are most dispersed. Remedy: carry-forward with interest at the

government’s borrowing rate, or refundability.

e An incomplete definition of the base. Anything not expensed (capitalized software,
acquired intangibles, capitalized research under the current U.S. treatment) leaves
part of the normal return inside the base, and the tax then reaches marginal as well

as inframarginal returns.

o FEntity mobility. A cash flow tax on a legally resident entity is neutral with respect
to real decisions but not with respect to where the entity is resident. The base is
stickier than a residence-based profits tax only to the extent that the underlying

compute is physically located, which is one more argument for the meter.

e Time inconsistency. A tax that is neutral because the capital is sunk is one a rational
investor expects to be repeated, and the anticipation raises the required return on
new investment. This is the sharpest objection to the sunk-stock reading of the

base, and it is why §B.2 prefers the stationary reading.

B.9 Diffusion spillovers

If adoption generates learning spillovers, so that the social return to Al use exceeds the
private return by 1 per unit, the corrective term becomes (D — ) /p. We do not attempt
to sign v: knowledge spillovers push it up, business stealing pushes it down, and the
empirical literature is young. What can be said is the direction of its effect on policy.
Any positive ¢ lowers the optimal usage tax, and it lowers it against a Pigouvian term
that Section 6 shows to be around one percent. It does not take a large spillover to cancel
the environmental case for a token tax.

Collecting the extensions, the general expression is
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B.10 Recurring investment: derivations

The rent tax raises less than the sunk-stock reading suggests. At p = 2.5 the
operating surplus is sixty percent of revenue, but the taxable residual is 60 — 100¢ percent.
If recurring investment runs at thirty percent of revenue, the base is halved, and a fifty
percent cash flow tax raises about 0.23 rather than 0.45 percent of GDP. Against the usage
tax’s static yield this is a multiple of roughly one and a half rather than three; against its
behavior-adjusted yield, roughly two and a half rather than five. We report the sunk-stock
and stationary figures side by side in Table 5 rather than choosing between them, because
which is right depends on a fact about the industry (whether frontier training is a phase
or a permanent condition) that is not settled. What does not change is the ranking: the
cash flow tax still raises more than the usage tax with zero first-order distortion, and
(14) is precisely the base that preserves neutrality, since expensing means the marginal

training run is never taxed.

Recurring investment pins down r, and pins it low. The same parameter disci-
plines the market-power term, and this is the more important consequence. In a stationary
equilibrium the fixed cost recovered per unit is not a legacy item to be amortized away

but a permanent claim on the margin, so (5) evaluated in steady state gives

¢

S

and at p = 2.5, p = 1.25 a recurring investment share of ¢ = 0.2, 0.3, 0.4 implies r =
0.6, 0.4, 0.2 respectively. The calibrated range r € [0.2,0.4] that Section 6 obtains from
an accounting decomposition is therefore reproduced, independently, by the observation
that training recurs. That is a useful convergence: the parameter on which the sign of
the optimal tax turns is disciplined twice over, and both routes say the frontier markup is
mostly the price of staying at the frontier rather than rent. The limiting case r» — 0 is not
the artifact it might appear; it is what a stationary free-entry industry with permanent
retraining requirements looks like.

The general lesson is that treating the enormous fixed costs of this sector as sunk once
is an ex post convenience that flatters both the rent tax’s revenue and the market-power
case against a usage tax. Read ex ante and in steady state, the rent is smaller, the revenue
prize is smaller, and the case for a usage tax is weaker still, because a larger share of what

looks like extractable surplus is in fact the recurring cost of producing the good at all.
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C Derivations and interpretation

This appendix develops three results stated compactly in the body.

C.1 The negative wedge and the role of ownership

Does the formula call for a subsidy? It does, and we should say so plainly rather
than hedge. Set gy =0 or o =1, set D = 0, and (12) returns ¢}, = —(1 — f) gs (1l —
@/n)(1 — x) < 0 whenever f < 1, g¢ > 0, 7 > 0 and x < 1. This is not an artifact.
It is the oldest result in the economics of monopoly: a firm pricing above marginal cost
produces too little, and a per-unit subsidy that closes the gap restores the competitive
quantity. Cournot (1838) understood this, and any model with a markup and no offsetting
distortion will reproduce it. A reader who finds a negative optimal wedge counterintuitive
should be reassured that the model is behaving exactly as the textbook says it should.
Three of the four scalings are ways the negative term can be small without being zero,
and Section 5.6 argues that at defensible values their product is about one half, so what
the formula returns at the baseline is a wedge of about minus five percent rather than
the minus fifteen the unscaled expression suggests. A theoretical case for a subsidy of
that size is not a policy proposal. The reasons for not recommending one are practical
as well as small, and they separate cleanly. Theoretically, the wedge should be negative.
Practically, implementing it requires the government to know r (the object Section 6
shows is least observable and on which the sign turns) and to hand public money to
the most concentrated firms in the economy on the strength of that estimate, with an
obvious incentive for those firms to overstate the rent. Moreover, the subsidy is dominated:
competition policy, interoperability, and public compute attack the markup itself rather
than paying to offset it, and they do not require the planner to know the rent to a first
approximation. So the operational content of the negative term is the modest one, a
usage tax should not be added on top of a genuine rent in the name of correcting some
other margin, but the modesty is a judgment about implementation, not a claim that the

formula says something else.

Why ownership matters when the issue is allocative. The scaling by (1 — f)
invites an obvious objection: if the problem is that a sector with market power produces
too little, why should it matter who owns it? The answer is that the term is not measuring
the allocative distortion as a global planner would see it. It is measuring the gap between

the buyer’s price and the domestic social marginal cost, and rent enters that gap differently
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depending on where it lands. When a domestic firm collects a rent, the payment leaves
one domestic pocket and enters another; it is a transfer that cancels in domestic welfare, so
the resource cost of a unit of Al is below its price and the good is underprovided from the
domestic point of view. When a foreign firm collects the same rent, the payment leaves
the country. It is then a genuine domestic resource cost, the domestic social marginal
cost rises to meet the price, and the apparent underprovision disappears, not because
the world allocation improved, but because the surplus the domestic economy forgoes by
buying less is surplus it was sending abroad anyway. A global planner, who counts all
rents as transfers wherever they land, faces the f = 0 case by construction and always
sees underprovision. This is why we insist that the f-dependence be labelled an optimal
tariff rather than an efficiency correction: it is a national accounting statement, not a
statement about the world allocation.

Two things follow that are easy to conflate. First, none of this argues against tazing
the rent: a cash flow tax reaches the rent regardless of where it accrues, and Section 5.2
recommends it for domestic and foreign rents alike. The f-scaling applies to the usage
tax, which is a bad instrument for reaching rent, and not to the rent tax, which is a good
one. Second, the instruments for the markup itself are competition policy and the profits

tax, not a transaction wedge in either direction.

C.2 Interpreting the markup: rent, fixed-cost recovery, and tim-
ing
Defining r against (u — 1)m instead would leave (5) inconsistent with the social marginal
cost derived in Appendix A, which nets out p; the two definitions coincide only when
it = 1. When r = 1 the entire excess markup is rent, the textbook monopoly case. When
r = 0 the excess markup exactly covers fixed cost and economic profit is zero, which is the
free-entry outcome and also the Ramsey case in which the firm marks up only to break
even. This distinction is central to everything that follows. A markup that recovers fixed
cost is not a distortion the government should want to offset; it is the price of getting
the good produced at all, and taxing against it destroys the surplus the fixed investment
created.“! Only the rent component r(u — ji) signals genuine underprovision relative to

the social optimum. We therefore carry r explicitly rather than treating the observed

C-1The argument is ex ante rather than ex post: once the investment is sunk, taxing its quasi-rents
distorts nothing static, and our claim is the forward-looking one about the marginal model or entrant
that is then not built. Appendix C.4 sets out both horns of the resulting time-consistency problem
(Kydland and Prescott, 1977).
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markup as if it were all rent. Section 6 shows that plausible values of r for frontier

inference are well below one, which materially changes the sign of the market power term.

C.3 Pass-through, entry, and the evidence on grid cost shifting

This appendix collects material referenced in Sections 2 and 3: the fuller statement of
the pass-through discipline, the caveats to the entry-amplification result, and the detail

of the ratepayer evidence.

Pass-through. Because the same imperfectly competitive sector must deliver both the
targeting result and the entry result, we fix the pass-through of taxes into prices once,
from (4), and use it consistently. With constant-elasticity demand and the conduct in (4),
the pass-through of a cost shock (such as the emissions charge, which raises m) and of
the ad valorem usage tax are, respectively,

dinp dlng

= ~ 1 - __°ng ~1 17
& dlnm n fixed ’ & dln(l +tU) n fixed ’ ( )

at fixed n, since a constant-elasticity markup is multiplicative and passes both a pro-
portional cost change and a proportional tax through one for one. The amplification in
Proposition 6 comes entirely from the entry margin, that is from dlnn < 0, and not
from any difference in short-run pass-through between the two instruments. This is the
disciplined version of the claim: at fixed market structure the two taxes pass through
identically, so the case against the usage tax rests on entry and on targeting, never on
an assumed pass-through asymmetry. We prove (17) in Appendix A and use it in both
propositions.

The amplification is large. At p = 2.5 and 0, = 2, & = 2.5: a usage tax of one percent
raises the buyer price of AI by two and a half percent, because it also drives out entrants
and lets the survivors raise their margins. A usage tax on a concentrated sector with
heavy fixed costs is not a tax on rent. It is a barrier to entry that the government has
erected on the incumbents’ behalf, and the incumbents capture part of it.

What survives the obvious caveats is the direction.®? Any model in which fixed costs
are large and entry responds to market size delivers ® > 1, and the static formula therefore

understates the distortion of a usage tax.

C-2Two are worth recording. Free entry can be socially excessive in the sense of Mankiw and Whinston
(1986), so a reduction in n is not automatically a welfare loss, and the business-stealing effect works
against the amplification result. And the Cournot structure is doing work: with contestable markets or
a competitive fringe, ® — 1.

22



The Union of Concerned Scientists identified 130 transmission projects across seven
states built only to connect data centers, and found that more than 95 percent of the
connection costs, some $4.3 billion in 2024 alone, were spread across all ratepayers rather
than charged to the facilities that caused them (Jacobs, 2025). In the capacity market of
the largest U.S. grid operator, the independent market monitor attributed 63 percent of
a record price increase to data center load, translating to roughly $9.3 billion in a single
delivery year that will be recovered from 65 million customers (Monitoring Analytics,
2025). The pass-through is visible on household bills: residential customers in parts of
the mid-Atlantic have seen monthly increases of $15 to $25 attributed to capacity prices,
and consumer advocates project cumulative increases of over $100 billion across the region
by the early 2030s (Natural Resources Defense Council, 2025).

C.4 Modelling choices and caveats

This appendix collects three qualifications to the model of Section 3 that would otherwise

sit in long footnotes.

The grid-cost wedge and the pricing benchmark. The wedge is a statement about
marginal cost causation, not about the level at which the utility prices. Regulated utilities
recover fixed and capacity costs through average-cost (break-even) tariffs rather than at
marginal cost, so the relevant benchmark here is not whether price sits above or below
marginal cost, which under a break-even constraint it must on average. What ~ isolates is
that the incremental capacity cost caused by the marginal large load is allocated to other
customer classes rather than to the load that causes it; that misallocation survives whether
one benchmarks against marginal or average cost, and it is the object Borenstein and
Bushnell (2022) study when they separate cost recovery from efficiency. In a frictionless
long-run competitive equilibrium marginal and average cost coincide and the question
would not arise, but cost-of-service ratemaking with large point loads is exactly the case
in which they do not. Separately, a large new load can also lower average rates when it
improves utilization of fixed assets that are already in the rate base, since the fixed costs
are then divided among more kilowatt-hours (Borenstein, 2025); a detailed study of the
largest data center market found no evidence of a historical cross-subsidy and attributed
only about half of a recent capacity price spike to load growth (Riu et al., 2025). Both

can be true at once.
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Fixed-cost recovery, ex ante and ex post. The argument is ex ante, not ex post.
Once the fixed investment is sunk, a tax that drives accounting profit negative is indeed
non-distortionary on any static margin, and a planner facing an already-built model could
tax its rents, and even its fixed-cost recovery, without discouraging an investment that
has already happened. Our claim is the forward-looking one: if providers anticipate
that fixed-cost-recovery margins will be taxed away, the marginal frontier model, chip
cluster, or entrant is not built, which is the margin Section 5.5 makes endogenous. The
two readings are the two horns of the standard time-consistency problem (Kydland and
Prescott, 1977): taxing sunk capital is tempting precisely because it looks free, and looks
free precisely because the commitment not to do so is what elicited the investment. We
take the side of the problem in which the government cannot separately promise not to
expropriate fixed-cost recovery, so the distinction between rent and fixed-cost recovery
has bite; a reader who assumes full commitment and a one-shot, post-investment game
will read the fixed-cost-recovery portion as just another taxable rent, and for that reader

the market-power term is correspondingly larger.

Scope of the externality. The externality attaches to the electricity drawn by the
AT sector, not to final-good production, and not to labor. We are not assuming Al is
the only emitting activity in the economy; we are isolating the emissions associated with
compute, which is the object of the policy debate this paper addresses. Economy-wide
emissions from other sectors are outside the model and are, by construction, the province
of the general carbon price 7., whose incompleteness (§ > 7.) is what leaves a residual
wedge on Al’s electricity in the first place. This matters for the instrument comparison
below: because the wedge lives on the kilowatt-hour delivered to the data center, the
corrective charge tg of Proposition 3 falls on that node alone and does not touch routine
or non-routine labor, whereas a broad carbon price would of course fall on all fuel use in

the economy. The two are complements, not substitutes.

D Additional calibration detail

This appendix reports the calibration material summarized in Section 6.

D.1 How much rides on o?

Every magnitude above depends on the elasticity of substitution between Al and routine

labor, and ¢ is the parameter we know least well, so we report how much of the argument
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Figure D.1: Sensitivity to the substitution elasticity, at the calibrated sorting parameters. Both panels
are drawn at Ay = 0.4 and k = 1.5, hence £ = 1.26; the thin grey lines reproduce the fixed-assignment
corner Ay = 1, £ = 0 in which the robot-tax literature works, and the gap between the black and grey
lines is the whole content of Proposition 5. Left: the predistribution term and the optimal usage tax, for
an importing economy (f = 1) and for one that owns its providers (f = 0), across o € [1,3]. The sign
of the optimal tax is governed by ownership, not by o, across the entire range, and the predistribution
term now stays below two percent everywhere. Right: the compression following a ninety percent fall in
the price of Al the shock of calculation 3, shown for both the relative task wage and the relative ex ante
group welfare index, which differ by the factor A,. The distributional stakes remain highly convex in o
even after both corrections. Other parameters as in Table 4.

survives across its plausible range rather than resting on a single value. The early evidence
bounds the range loosely. Controlled deployments find large productivity gains from
generative Al concentrated among lower-skilled workers in writing and support tasks
(Noy and Zhang, 2023; Brynjolfsson et al., 2025), which is the signature of substitution
rather than complementarity and rules out ¢ near or below one for the exposed tasks, but
the studies do not pin down a point estimate, and the tasks Al reaches are still expanding.
We therefore report every result across o € [1.2, 3] and let the reader locate their own
prior within it.

Figure D.1 carries three messages, and all three are robust to where one stands on o.
First, the predistribution term is bounded, and tightly. It rises with o but flattens quickly,
peaking below two percent even at o = 3 with our generous welfare weight; the grey line
shows that even at the fixed-assignment corner it never leaves single digits. The robot tax
logic is real but it is not a large number for any defensible elasticity, and it is an order of
magnitude smaller than the market-power term across the whole range. Second, the sign

of the optimal usage tax is set by ownership rather than by technology, but both curves

25



are now close to zero across the whole range. For an importing economy the optimal tax
runs from three to five percent, positive and mildly increasing in ¢; for an economy that
owns its providers it is negative throughout but never by more than ten percentage points,
and it rises toward zero as o grows, because a higher substitution elasticity raises both
the predistribution term and, through o, the share of the market-power correction that
entry dissipates. The figure draws the domestic case at the all-rent baseline r = 1; at the
lower end of our preferred range for r the domestic optimum is pushed close to zero rather
than deeply negative, as the corresponding row of Table 4 shows, so the robust statement
is that domestic ownership removes the case for a positive usage tax rather than that it
always calls for a large negative one. No value of ¢ reconciles the importing and domestic
cases, which is the formal statement of the tariff-versus-efficiency tension. Third, and
this is the uncomfortable one, the distributional stakes are far more sensitive to o than
the optimal tax is. The right panel shows that the compression from cheap Al runs from
well under one percent at 0 = 1.2 to twenty-eight percent at ¢ = 3 measured on group
welfare, and roughly two and a half times that measured on the relative task wage. The
tax that the model recommends barely moves across that range, while the problem the tax
is meant to address explodes. That divergence is a property of the problem rather than of
the formula: if ¢ is high, the appropriate response is a large adjustment to the income tax
and transfer system, not a marginal usage tax that works through the same weak channel
as the price movement it is trying to offset. The usage tax is close to irrelevant to the
distributional question at exactly the elasticities where that question becomes urgent.
The grey reference lines in both panels are worth dwelling on, because they are the
whole of Proposition 5 in one picture. Moving from the fixed-assignment corner to the
calibrated sorting parameters multiplies every curve by Ay(1+¢1)/(1 + e + &) ~ 0.20,
and roughly two thirds of that reduction is the exposure gap rather than reallocation.
Neither of the three messages changes, the term stays bounded, ownership still sets the
sign, and the stakes remain far more convex in ¢ than the tax is, but every magnitude is
smaller, and the third message is the stronger for it. If o is high, so that displacement
is severe, the mobility margin is precisely what a planner should be trying to strengthen,

and doing so mechanically shrinks the case for the usage tax.

D.2 Calculation 3: cheap AI and the wage distribution

3. What cheap AI does to the wage distribution. Now run the model in the other
direction, which is where the anxiety actually comes from. Suppose the price of Al falls

by ninety percent at constant capability, roughly what has happened over the past two
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years. With CES and o = 2, the odds ratio of the cost shares satisfies s/(1 —s) o< ¢, so
a tenfold fall in ¢ multiplies the odds by ten. Starting from s = 0.05, the AI share within

automatable tasks rises to

10 x 0.0526
I = ~ 0.35.
® T 1410x0.0526

Exposure rises from 1.5 to 10.5 percent of GDP, and by Corollary 1 the labor share falls
from 98.5 to 89.5 percent. The routine wage falls relative to the non-routine wage by
In[(1-5)/(1—s)]/(1+eL+&), which is —29% at 0 = 2 at the fixed-assignment corner
but about —15% at £ = 1.26, and the gap in ex ante group welfare is A, times that, about
—6%, though as Figure D.1 showed this figure is highly convex in ¢ and runs from a mild
2% at o = 1.2 to well over 100% at o = 3.

This number should be read as an illustrative upper bound, not a forecast, and the
reason is a limitation of the two-type structure. Thiimmel (2023) shows that two-group
automation models systematically mislead about distributional effects, because the real
action is within groups and in the reallocation of workers across a continuum of tasks,
which a routine/non-routine split cannot represent. Our two-type model collapses that
continuum and so delivers the compression as a single relative-wage number, which over-
states how cleanly the burden falls on an identifiable group. Lemma 3 makes the same
point from the tax side: a shock this large reshapes the earnings distribution in ways a lin-
ear income tax cannot neutralize by a proportional adjustment, so the clean separation of
common and relative components on which the predistribution term rests is itself strained
at these magnitudes. Both caveats point the same way. The calculation establishes that
the distributional stakes can be large, not that they fall as a tidy transfer between two
blocs, and certainly not that a usage tax is the instrument to address them. If a shock of
this size arrives, the instrument that meets it is a genuinely nonlinear income tax and the
transfer system, not the price of a token, which works through the same weak channel as
the price movement it is trying to resist and is an order of magnitude too small to offset
it.

D.3 Calculation 5: the welfare cost of the wrong instrument

5. The welfare cost of choosing the wrong instrument. It is worth putting
one number on the central recommendation, since the paper otherwise trades in ratios.
Suppose a government wishes to raise revenue equal to 0.05% of GDP from the Al sector,

a modest target. Levied as a usage tax, the required rate is about 3.3% on a base of 1.5%
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of GDP, and by Proposition 6 the quantity distortion is amplified by ® = 2.5 through
the entry margin. The resulting deadweight loss, of Harberger form % ® o, pat?, is about
0.004% of GDP, or roughly eight cents of deadweight per dollar raised. Levied instead
as a cash flow tax on rents, Proposition 4 makes the deadweight loss zero to first order:
the same revenue is raised with essentially no distortion, or on the pessimistic residual
wedge of §7.3 about two cents on the dollar rather than eight. And levied as an emissions
charge, the "cost” is negative, because the instrument corrects a pre-existing externality
worth far more per unit than the revenue it raises; the first $0.05 per kWh of the charge
buys a social gain, not a loss. The ranking is therefore not close. Against the rent tax
the usage tax loses eight cents on the dollar; against the emissions charge it forgoes a
first-order welfare gain to incur a deadweight loss. These are small numbers in levels only
because the Al sector is still small; they scale with exposure 6, which every forecast has
rising several-fold within the decade, so the cost of entrenching the wrong instrument now

grows with the sector.

Sensitivity to 0. The substitution elasticity is the parameter we know least well, and
Appendix D.1 reports every result across o € [1.2,3]. Three findings there are worth
carrying forward. The predistribution term is bounded: it rises with ¢ but never leaves
single digits anywhere in the range. The sign of the optimal usage tax is set by ownership
rather than by technology, at every point in the range. And the distributional stakes are
far more sensitive to o than the optimal tax is, the wage compression from cheap Al runs
from a tolerable two percent at o = 1.2 to well over one hundred percent at o = 3, while
the tax the model recommends barely moves. That last point is the uncomfortable one:
the usage tax is close to irrelevant to the distributional question at exactly the elasticities
where that question becomes urgent, which is the model telling us that a large o calls for

the income tax and transfer system rather than a marginal wedge on compute.

D.4 The probabilistic calibration in full

Independence across parameters is itself an assumption, and not an innocent one: a world
with high markups is plausibly also a world in which more of the markup is genuine
rent, which would fatten the lower tail. The right panel of Table D.1 therefore reim-
poses the same marginals through a Gaussian copula with p(u, ¢) = —0.4, p(o, g1) = 0.3,
p(d, energy share) = 0.3 and p(k,As) = —0.4. The effect is exactly what the objection
predicts and smaller than one might fear. The fifth percentile of the domestic optimum
falls from —21.1% to —22.4%, so the tail does fatten; the median moves by half a per-
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Table D.1: Probabilistic calibration: the distribution of ¢7;

Independent priors Correlated priors

Median 5th 95th Median 5th 95th
Predistribution term +1.3%  +0.4% +3.9% +1.3%  +03% +4.6%
Net externality term +1.4%  —-11% +4.6% +1.4%  -12% +5.0%
Market power term -92% —17.6% —2.4% -9.0% —-18.4% —2.1%
t};, domestic (f=0) —6.2% —15.2% +1.6% —-5.9% -15.9% +2.2%
ty;, importing (f=1) +2.9% +01% +6.8% +3.1% —-01% +7.5%
Pr(t}; < 0| f=0) 0.900 0.888
Pr(|t;;| < 5% | f=0) 0.403 0.398
Pr(t}; > 10% | f=0) 0.000 0.000
Pr(tf; < 0| f=1) 0.046 0.056
Pr (0 < (1) + (2) < 10%) 0.951 0.936

Notes. Uniform marginals over the ranges in Table D.3; 200,000 draws; 7 = 0.35, g = 1.25, s = 0.05,
6 = 0.015 fixed. Every draw sets £ = k(1 — A?), so the mobility elasticity and the exposure gap
are never combined in a configuration Proposition 5 rules out. The correlated columns impose a
Gaussian copula with p(u,r) = 0.6, p(0,§1) = 0.3, p(d, energy share) = 0.3 and p(k, Ay) = —0.4,
leaving the marginals unchanged so the two panels are directly comparable. Replication code is
available from the authors.

centage point; and Pr(¢}, < 0) falls slightly, from 0.78 to 0.75. The two forces largely
offset, which is a mild but genuine robustness result: the conclusion is not an artifact of
the independence assumption.

Four probabilities summarize the exercise, and they are the numbers we would ask a
skeptical reader to engage with rather than any single column of Table 4. All are reported

for the independent case, with the correlated value in parentheses where it differs.

e Pr(t}; <0) =0.90 (0.89) for an economy that owns its providers, and 0.05 (0.06) for
one that imports. Ownership still determines the sign, though not overwhelmingly,
because the market-power term is weighted by the social value of shareholder income
and netted of entry dissipation. The sharper statement is about magnitude rather
than sign: Pr(t;, > 5%) = 0.006 and Pr(¢}; > 10%) is numerically zero. No draw
supports a usage tax at the rates proposed, and that holds whatever one concludes
about the sign. Qwnership, not technology, determines the sign, and it does so

across essentially the whole parameter space rather than at a particular calibration.

e Pr(market power term exceeds the net externality term) = 0.96 (0.95). The horse
race that motivates the paper is not close: on these priors the environmental case

for a usage tax is dominated by the market-power case against it in nineteen draws
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out of twenty.

e Pr(predistribution term < 5%) = 0.98 (0.96), with a median of 1.3 percent once the
exposure gap and the reallocation elasticity are allowed to vary jointly over their
full range. The robot-tax logic is real, bounded, and roughly a fifth of what the

fixed-assignment corner suggests.

e Pr(d/p. > 50%) = 0.75. The claim that the wedge on the kilowatt-hour is large
survives the full range of the contested grid-shifting parameter, for the reason Figure

D.2 gives: carbon, not cost shifting, dominates the level.

The exercise also disciplines our own claims. The domestic optimum is negative in
most of the space but by no means all of it, and three of this paper’s own corrections are
what opened it up. Three restrictions do most of the work in locating the distribution:
the shareholder weight of Lemma 4, the entry dissipation of Proposition 7, and the tie
between the rent share and recurring investment in Corollary 5. Each follows from taking
the model’s own assumptions seriously rather than from new evidence, and they do not
all push the same way: the first raises the market-power term while the second lowers it.
What no draw supports remains the same thing, and it is now the paper’s sole quantitative
claim about the level: a usage tax at the rates actually proposed. Pr(t, > 5% | f=0) =
0.01 and Pr(¢}; > 10%) is numerically zero. What no draw supports is a usage tax at the
rates actually proposed. That is the robust finding, and it does not depend on where one

stands on o.

D.5 The marginal value of public funds

Revenue and deadweight loss are not directly comparable across instruments whose bur-
dens fall on different people. The marginal value of public funds of Hendren and Sprung-
Keyser (2020) provides a common denominator: the willingness to pay of those who bear a
reform, divided by its net cost to the government. For revenue-raising instruments a lower
MVPF means a cheaper way to raise a dollar. Table D.2 reports it for each instrument
in our framework.

The ordering is stable and it is the paper’s recommendation restated in a metric
a finance ministry already uses. The emissions charge is the cheapest way to raise a
dollar from this sector under either ownership structure, because part of what looks like a
burden is a correction. The cash flow tax is next, and it is free to an importing economy,

which is the terms-of-trade point of Corollary 2 in MVPF form. The usage tax is the
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Table D.2: Marginal value of public funds, by instrument

Instrument Domestic providers (f=0) Importing economy (f=1)
Data center emissions charge, long run (ng~1) 0.38-0.69 0.38-0.69

Data center emissions charge, short run (np=0.1) 0.94-0.97 0.94-0.97

Cash flow tax on rents 1.00 0.00

Usage tax at 3.3% 1.18 2.93

Usage tax at 10% 1.79 4.43

Notes. Lower is better for a revenue-raiser. The cash flow tax is treated as a pure transfer with
no behavioral response, so its MVPF is the domestic ownership share 1 — f: it costs domestic
households a dollar per dollar raised when providers are domestic, and nothing when they are
foreign. That entry inherits the idealization of Proposition 4; on the pessimistic residual wedge
of §7.3 it rises to about 1.02 for f = 0, which changes no ordering in the table. The usage tax
MVPF is [® — (& — 1)(1 — f)]/[1 — Pogt/(1 + t)], where the numerator nets out the share of
the buyer-price increase that accrues to domestic incumbents through the entry channel and the
denominator is the fiscal externality. The emissions charge MVPF is 1 — (d/p.) ng (1 — £): part
of the burden is offset by a corrective benefit, but only for emissions actually avoided rather than
relocated, so the relocating share ¢ is netted out. Ranges span £ € [0,0.5]; ng from Burke and
Abayasekara (2018). All entries at the baseline calibration.

most expensive under both structures, and its cost rises with the rate because the entry
channel compounds.

Two qualifications keep the comparison honest, and both cut against our preferred
instrument. First, the emissions charge’s advantage is a long-run advantage. At the
short-run elasticity its MVPF is 0.94-0.97, barely below the rent tax and far from the
headline number; the gap opens only as the efficiency and siting margins operate, which
is the same horizon logic as Proposition B.3 and one more reason the dynamic result
matters. Second, the corrective benefit must be netted of relocation, and the evidence is
pointed here: Burke and Abayasekara (2018) find the long-run industrial elasticity is the
largest of any sector precisely because electricity-intensive activity clusters in low-price
states. Read through our model, a substantial part of what looks like abatement in the
elasticity literature is the leakage ¢ of Proposition B.1, and it delivers no global emissions
benefit at all. This is a genuine limitation of a unilateral charge rather than a modelling
convenience, and it is precisely why the destination-based backstop is in the paper. One

asymmetry is worth recording.”-!

D1The usage tax looks worse for an importing economy on this metric, not better, because the buyer
price rises by ® while the incumbent margin gain leaves the country. The tariff argument of Corollary 2
operates through the social marginal cost of the rent, not through the MVPF of the levy, and the two
should not be conflated.
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D.6 Parameter provenance and the electricity wedge

This appendix collects the provenance table referenced in Section D.6 and the robustness

of the electricity wedge to the contested grid-shifting parameter ~.

Table D.3: Parameter provenance

Par. Value / Evidence Design External-validity caveat
range
o 2; [1.2,3] Gains concentrated among RCT; firm Task gains are not a production
lower-skilled workers in rollout elasticity; rules out 0 <1 but
writing, support (Noy and pins no point estimate.
Zhang, 2023; Brynjolfsson
et al., 2025)
g1 0.3; Normative — A social preference, not an
[0.1,0.5] estimate; reported across its
range.
e, 0.3; Standard range in public Quasi- Intensive-margin estimates; the
[0.1,0.5]  finance experimental — margin here may be
occupational switching.
K 1.5; [0,3] Roy—Fréchet dispersion of  Structural Roy Estimated for occupational and
comparative advantage model sectoral sorting, not for Al
(Hsieh et al., 2019; Galle exposure. Not a mobility
et al., 2023) parameter: it sets Ay and £
jointly through Proposition 5.
Ay 0.4 Computed here (Table 2, Descriptive; Set to one by assumption
measured Appendix D.7) from occupation- throughout the robot-tax
[—0.50, +0.46F*NET 30.3 education level literature; that corner is
distributions (National empirically false and quintuples
Center for O*NET the term. The carried 0.4 is the
Development, 2026) and value on the single most
seven public exposure favourable measure; all four
measures (Webb, 2020; direct AT measures give a
Felten et al., 2021; negative gap (Remark 2).
Eloundou et al., 2024; Occupation-level education
Eisfeldt et al., 2023), distributions substitute for ACS
employment-weighted with microdata, so the
Dorn (2009) labor-supply within-occupation grouping is
weights imputed.
X 0.25 Derived, not calibrated: Theory Demand-system dependent.
1 — (04 +1)/204 under this Equals 1 under linear demand,
paper’s CES demand which is reported as a bound.
(Mankiw and Whinston, Not a free parameter.
1986)
gs  0.65; Implied by g; = 0.3 under  Calibration Depends on the isoelastic form
[0.45,0.85] isoelastic weights, given the and on log-normality of

earnings position of routine
occupations and the
concentration of equity
ownership (Lemma 4)
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s€[0.7,1.0], 2 € [~0.5,—0.25],
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Table D.3 (continued)

Par. Value / Evidence Design External-validity caveat
range
1) [0.2,0.4] Recurring training and Accounting Not separately observed;
capacity investment as a disciplines r in steady state
share of revenue (§B.2) and shrinks the cash-flow
base.
" 2.5; [2,3] Reported gross margins on Company Gross margin over short-run
frontier inference disclosure marginal cost, not an estimated
markup.
i 1.25 Economy-wide markup Production- Contested; sensitive to
(De Loecker et al., 2020) function cost-share assumptions.
estimation
r [0.2,0.4]  Constructed from fixed-cost Engineering, Not observed. The parameter
recovery, 86 accounting the sign turns on, hence a
range.
¢ 0.4 Grid intensity serving U.S. Measurement  Varies by an order of magnitude
kg/kWh  data centers (International across sites; a fleet average
Energy Agency, 2025) hides the siting margin.
o $190/t Social cost of carbon (U.S. Integrated Generous: above most market
Environmental Protection  assessment prices and above Nordhaus
Agency, 2023) (2017).
vy [0,0.03] Socialized capacity and Cost allocation Genuinely disputed. Figure D.2:
/kWh transmission cost (Jacobs, the level conclusion survives the
2025; Monitoring Analytics, range; §6.5 is where it bites.
2025) vs. (Energy and
Environmental Economics
(E3), 2026; Riu et al., 2025)
e 0.3-150 Energy per query by Benchmark Workload mix is not publicly
Wh workload (International observed; see notes to Table 1.
Energy Agency, 2026;
Luccioni et al., 2024;
de Vries, 2023)
0 1.5% AT spending as a share of ~ National Generous; rising fast, so a
output accounts statutory rate dates quickly.
neg 0.1 SR; Price elasticity of U.S. IV panel, state Not estimated for data centers.
~1LR electricity demand (Burke X sector x Much of the large long-run
and Abayasekara, 2018); year industrial elasticity reflects
meta-analysis (Labandeira clustering in low-price states,
et al., 2017) leakage ¢ here, not abatement.
/ unmea- — — No credible estimate.
sured Proposition B.1, the one
surviving case for a usage tax,
rests on it.
P unsigned — — Not signed by existing

work. Spillovers push up,
business stealing down; any
¥ > 0 lowers t7;.
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Figure D.2: The electricity wedge is large for any «. The residual external cost per kilowatt-hour, as a
share of the price a data center pays, plotted against the socialized grid-cost wedge -, with and without a
pre-existing carbon price. Even at v = 0 the wedge is roughly half to all of the electricity price, because

unpriced carbon dominates. The contested magnitude of v moves the wedge only modestly; its real work
is distributional, not in the level. Other parameters as in Table 4.

D.7 The exposure gap: estimand and construction
Because A, is new to this literature and is the input on which the predistribution magni-

tude chiefly depends, we state it precisely enough to be computed and disputed.

Estimand. Fix a partition of the employed workforce into two ex ante groups and a

binary classification of occupations into exposed and unexposed. Then

> neiwn H{o(n) € R}
Znei Wn 7

with w, the survey weight and o(n) the occupation of worker n. Three features are worth

Ay = big — log, lin =

stating because each is a place the literature’s convention hides an assumption. First,
Ay € [—1,1]: it is signed, and Remark 2 explains why the sign is not guaranteed. Second,
it is a difference of shares rather than a regression coefficient, so it has no residual variance
and needs no identifying assumption beyond the classification itself; the only sampling
uncertainty is that of two proportions. Third, it is defined on ex ante groups, which by
Assumption 1 are unobservable, so any implementation replaces them with an observable
proxy and A, is therefore proxy-dependent. That is a feature: the planner’s instrument
set is also proxy-dependent, and the relevant A, is the one attached to whatever grouping

the planner’s welfare weights actually track.
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Construction. One year of American Community Survey microdata, restricted to em-
ployed workers aged 25 to 64, merged by SOC code to an occupation-level exposure score,
with “exposed” defined as a score above an employment-weighted quantile. Three choices

have to be reported rather than fixed:

e Ezposure measure. At minimum the routine-task intensity of Autor and Dorn (2013),
with the conventional cut at the 66th percentile, and the LLM exposure score of
Eloundou et al. (2024), cut at the median. The first matches the object o describes;
the second matches what the technology currently does. They disagree in sign,

which is the substantive finding rather than a nuisance.

e Fx ante grouping. Less than a bachelor’s degree versus the rest; high school or
less versus the rest; below versus above median earnings; and a young non-college
interaction. The paper’s argument requires only that the maximum of |A,| across

these be well below one.

e Threshold. The share of employment classified as exposed. Reporting A, across a
range of thresholds is cheap and is the natural robustness check, since a measure

that generates a large gap only at an extreme cut is not describing segregation.

Implementation. Table 2 implements the occupation-level counterpart of the estimand
above. Absent worker microdata, group membership enters as a probability rather than

an indicator: writing E, for employment in occupation o and p, = Pr(group 1 | o),

’ Yo Eopo1{o € R} ’ _ZOEO(I—pO)l{OER}
H ZoEOpO 7 2 ZOEO(l_pO) .

This coincides with the microdata estimand whenever exposure is assigned at the occu-
pation level, which it is for every published measure, and it differs from it only through
the accuracy of p,. We take p, from the incumbent-reported Required Level of Education
distribution in O*NET 30.3 (National Center for O*NET Development, 2026), averaged
from eight-digit to six-digit SOC and renormalized to sum to one across the twelve educa-
tion categories; “less than BA” is categories one to five, “HS or less” categories one and
two, “less than associate” categories one to four. The fourth grouping uses the O*NET
job zone, a preparation rather than an education measure, and is included because it is
the closest available substitute for the earnings grouping that microdata would permit.
Employment weights are the Dorn (2009) occ1990dd labor-supply weights from the repli-
cation file of Webb (2020), allocated to detailed SOC occupations: exactly at the level of
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the SOC major group, and within a major group in proportion to a title match between
the harmonized 1990 census categories and SOC titles. The resulting panel covers 765 de-
tailed occupations and 152 million workers, with a major-group employment distribution
close to the published national one. The Felten-Raj-Seamans and Eisfeldt et al. scores
are carried from SOC 2010 to SOC 2018 with the BLS crosswalk (U.S. Bureau of Labor
Statistics, 2018); the Eloundou et al. scores are averaged from O*NET-SOC to six-digit
SOC.

Robustness. Three checks. Dropping the employment weights entirely and treating
each detailed occupation equally leaves the robot gap at 4+0.44 against +0.41 and moves
every Al measure further negative, to between —0.49 and —0.61. The weighting is not
what produces the sign pattern. We should say why we weight at all, since the choice
matters elsewhere. Detailed occupations vary enormously in size and the boundaries
between them are partly conventional, so an unweighted average answers a question about
the classification and not about the workforce. Tomlinson et al. (2025) find the same
choice mattering in the other direction. Their measure of what Al is actually used for
correlates with occupational wages at +0.13 weighted and 40.17 to +0.32 unweighted,
and they attribute part of the strong positive wage gradient in earlier work to the absence
of weighting. Our sign pattern survives either way, which is why we report both. Varying
the exposure threshold compresses every gap toward zero except the already-small Webb
software gap, which is flat; Figure 5 plots the full sweep. And the four groupings never
disagree in sign on any measure, with a maximum spread of 0.09 within a row, so the

result is not an artifact of where the education line is drawn.

Limitations. We see three, and each is a reason to treat the numbers as an upper
bound on |A| and not a point estimate. First, p, is the education distribution that
O*NET incumbents report as required, which is not the distribution actually held. It is
probably more concentrated than the truth, and concentration makes groups look better
sorted across occupations than they are. Second, the allocation of employment within
a SOC major group rests on a title match and not on a validated crosswalk, though
the unweighted check above shows that the sign pattern does not depend on it. Third,
we report no standard errors. The sampling variance of the estimand is that of two
proportions in microdata we do not have. The dispersion across the seven measures is an
order of magnitude larger than any plausible sampling error, and that is the uncertainty

that matters here.
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Exposure is not adoption. A fourth issue is conceptual, and it applies to every mea-
sure in Table 2 and not to our construction of them. The object o describes is Al substi-
tuting for labor in production. The seven measures describe the scope for it to do so. Bick
et al. (2026) compare the two using a nationally representative survey that asks workers
which of their own tasks they use generative Al for, and the gap is large. Exposure scores
correlate positively with realized adoption, but they account for at most about half of
the variation across workers, and occupation-level adoption rates more than double the
explanatory power of the leading exposure measures in predicting whether a given worker
uses the technology. Much of the residual is individual and not occupational: within nar-
rowly defined tasks adoption is far from universal, and worker fixed effects absorb more
variation than task characteristics do.

We expect this to reinforce the pattern in Table 2 and not to overturn it. Their
high-adoption occupations are computing, business, finance and management, and their
low-adoption occupations are personal service, transport and manual work. This is the
gradient that produces our negative gaps, so recomputing A, on adoption should give
something at least as negative as the direct Al measures give. We say expect because the
occupation-level adoption index is not yet public. It is promised in the paper’s replication
package, and we would run it against this table when it appears.

The inputs warrant one further caution. Yin et al. (2026) replicate the Eloundou et al.
(2024) rating procedure across models and find the resulting exposure scores less stable
than their widespread use assumes. Two of our seven rows come from that procedure.
We therefore read Table 2 as a statement about the spread across measures, not about

any single one.

What would change our conclusions. A value of A, above roughly 0.8 on the group-
ing a planner would plausibly weight would restore the fixed-assignment magnitudes and,
with a low rent share, restore a small positive optimal usage tax for a domestic economy.
Table 2 contains no value above 0.45, and none above 0.51 in absolute value, on any
measure, grouping or threshold we examined. The falsification is attempted and fails. A
value near zero or below removes the predistribution term entirely or reverses it, and that
is what the four direct Al measures deliver. The case in the text is the intermediate one,

and it is the one favourable to the instrument.
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D.8 The CES correction to the exposure cancellation

Lemma D.1 (CES correction to the exposure cancellation). Replace the Cobb—Douglas
aggregator in (1) with a constant-elasticity-of-substitution aggregator, Y = A[)\OXX]*D/"+
(1— )\O)X](\Z_l)/"]n/(nfl), in which 1 is the elasticity of substitution between the automatable
and non-automatable bundles and n = 1 recovers the Cobb—Douglas case of the text. Then
the predistribution term of Proposition 2 is multiplied by the factor 1+ (n — 1) ¢, where
¢ 18 the equilibrium response of the automatable value share to the Al price and satisfies
¢ = O(0). At the observed exposure 8 < 0.02 the correction is below two percent of the
term for any n € [0.5,2], so the Cobb—Douglas cancellation of 0 is exact to first order and

accurate to second.

Lemma D.1 disarms the obvious objection that the clean cancellation of exposure is
an artifact of the unit elasticity. It is not: the cancellation survives to first order for
any outer elasticity, and the correction is bounded by exposure, which is small. We use

Cobb-Douglas in the body for readability and rely on the lemma for generality.

E Implementation and the policy debate

This appendix collects the implementation detail behind Section 7.

E.1 Administrability of each instrument

Optimal tax formulas assume the base is observable. Each instrument here faces a differ-
ent administrative constraint, and in one case the constraint is severe enough to qualify
a result we have otherwise defended. We follow Keen and Slemrod (2017) in treating

administrability as part of instrument choice rather than as an afterthought.

The emissions charge is the easy case. The base is metered by the utility, at the
point of delivery, for billing purposes that already exist. Tons of CO4 follow from kilowatt-
hours and a grid intensity factor that system operators already publish. There is no
new reporting entity, no new valuation question, and no transfer-pricing margin, because
electricity delivered to a physical site cannot be booked in another jurisdiction. This is

close to the ideal case for a Pigouvian levy and it is one more reason to prefer the meter.

The rent tax is administratively demanding but familiar. Neutrality requires a

cash flow base with expensing and full loss offset, which means the tax authority must
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distinguish economic rent from the normal return, the same problem faced by every cash
flow tax proposal (Auerbach and Devereux, 2018). The known failure mode is political
rather than technical: what gets legislated is usually a levy on gross revenue rather than
on cash flow, with the consequences §5.2 describes. The administrative recommendation
is therefore specific and checkable. Expensing, loss carry-forward with interest, and a base

defined on cash flow rather than turnover.

The usage tax is easy to administer and that is part of the problem. Providers
already meter tokens and issue invoices, so the base is available at near-zero cost. Ad-
ministrative convenience is precisely why the instrument is attractive to legislatures and
precisely what the rest of this paper argues against; the point is worth making explicitly,
because in a Keen—Slemrod framework a low enforcement cost is a genuine advantage that
must be weighed, not dismissed. Our claim is that it does not come close to offsetting a

base that is wrong by an order of magnitude on the harm-to-value ratio.

The border adjustment is the hard case, and we do not want to overclaim
it. Proposition B.1 is the one surviving argument for a usage tax, and it is also the
least administrable thing in the paper. Implementing it requires attributing embodied
energy and grid intensity to an imported Al service, which means knowing which data
center served a given query and on what grid, information that is not on the invoice, that
providers route dynamically for reasons of latency and capacity, and that no customs
authority currently has any means of verifying. Three fallbacks exist, in descending
order of fidelity: provider-level attestation of fleet-average energy and carbon intensity,
audited as financial statements are; a default benchmark rate applied absent attestation,
set conservatively so that attestation is the preferred option; or a rebuttable presumption
keyed to the provider’s jurisdiction of primary compute. Each is cruder than the emissions
charge it substitutes for. This is a genuine limitation of the border instrument, and it is
a further argument for the central recommendation: reaching the externality at source,
where it is metered, is administratively as well as allocatively superior to reaching it at

the border, where it must be inferred.

E.2 The political economy of instrument choice

If the usage tax is so poorly suited to every stated goal, why is it the instrument most
often proposed? The model contains the beginning of an answer, and it comes from the

entry result rather than from any appeal to confusion among policymakers.
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Proposition E.1 (Incumbents prefer the usage tax). Consider the incumbent providers
active before a tax is imposed, and compare a usage tax with a revenue-equivalent cash
flow tax on rents. The cash flow tax lowers incumbent profit one for one with the revenue
it raises. The usage tax, by Proposition 6, raises the equilibrium markup through the entry
channel; incumbents therefore recover a share ® —1 of the statutory burden through higher
margins on retained sales, and for a sufficiently high fived cost the surviving incumbents
can be left better off than under no tax at all. Incumbents rank the instruments in the

opposite order to the planner.

The proof is immediate from the pass-through and entry results and is given in Ap-
pendix A. The content is a positive prediction, not a normative claim: the instrument
that is worst for welfare is the one that the politically most concentrated interest, the
incumbent frontier labs, has least reason to oppose and some reason to favour, because it
raises rivals’ entry costs and lifts margins on retained sales. A cash flow tax falls squarely
on those same incumbents with no offset. Standard theories of capture then predict the
observed pattern, energetic resistance to profit taxes and competition policy, comparative
equanimity toward usage levies.®!

This yields a testable implication that separates the account from mere pessimism.
If incumbents prefer the usage tax for the entry-barrier reason, their revealed positions
should track firm size and sunk cost: the largest labs least opposed to usage levies and
most opposed to rent taxes and interoperability mandates, smaller entrants holding the
reverse ranking. That is a pattern one can look for in lobbying disclosures and public
comments. The normative implication is not defeatism but sequence: because the worst
instrument is the path of least resistance, the reforms most worth defending are the ones

the political system will fight hardest.

E.3 Reading the debate

Section 7 scores the four instruments against each other on revenue, distortion and in-
cidence, and we do not repeat that ranking here. Two features of the debate are not

captured by any scoring table, and this subsection records them.

E-1Two further forces push the same way. Revenue salience favours the usage tax, since a fast-growing
visible transaction base is easier to legislate and score than economic rent, whose base is contested and
whose yield is uncertain. And the incidence of the emissions charge, though efficient, is geographically
concentrated on districts hosting data centers, whose representatives internalize the local cost while the
climate benefit is diffuse, the familiar configuration that blocks Pigouvian taxes generally.
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Electricity and the grid. This is where the model puts nearly all of the weight, and
where the instruments partly exist already. The reforms that matter are not new taxes:
they are cost allocation rules that charge large loads for the capacity and transmission
they cause, tariffs with meaningful minimum take and exit provisions to protect ratepayers
against stranded investment, and a carbon price that applies to data center load like any
other. The evidence on whether cost shifting has occurred is genuinely mixed (Energy
and Environmental Economics (E3), 2026; Wiser et al., 2026; Joint Legislative Audit and
Review Commission, 2024), but the direction of reform does not depend on resolving it.
Charging a load for the cost it causes is right whether or not it has so far failed to be

charged.

Neutrality. Acemoglu et al. (2020) show that the tax code already tilts the user cost
toward capital and away from labor. In the language of (12), that is an existing negative
ty that nobody legislated. The first-best response is to remove it rather than to add an

offsetting tax on Al, since a symmetric distortion is not a substitute for no distortion.

Remark E.1 (The formula is not stable). The ratio D/p moves over time and in both
directions. The price of a token has been falling by roughly an order of magnitude per
year at fixed capability, which pushes D/p up. Energy per token has also been falling,
which pushes it down. Reasoning and agentic workloads consume far more energy per
unit of delivered value, which pushes it up again. A rate written into statute today will
be wrong within two years. This is an argument for indexing any levy to a measured
physical quantity, kilowatt-hours or tons of CO,, rather than to the value of a transaction.

It is the targeting principle, arriving from a different direction.
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