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Can we use subsidies instead of Pigouvian taxes?
Tax on emissions:

π(x ,e) = px − C(x ,e)− τe
p = Cx(x ,e)

−Ce(x ,e) = τ

Subsidy on emissions reductions below baseline (ē):
π(x ,e) = px − C(x ,e) + s(ē − e)

−Ce(x ,e) = s

On first glance, it looks like the are equally efficient
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The downside of subsidies
Subsidy equivalent to a tax plus a lump sum transfer

π(x ,e) = px − C(x ,e) + s(ē)− s(e)

Baseline emissions are unknown.
– Bigger problem is this is effectively a subsidy for operating– rent s ∗ ē

– This in turn leads to inefficient entry/ exit.– [I think this is an interesting topic in electricity markets]
– Finally: no (strong) double dividend– need to *raise* tax revenue s(ē − e)– rather than *generating* revenue τe– Note that "strong" DD unlikely
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What about subsidizing a substitute?
– Two methods for producing a good: green (G) or dirty (D)– convex costs so both supplied
– Product is homogenous and competitively supplied at price P

Q(P) = QG(P) + QD(P)

– Dirty production is associated with per unit externality (τ )
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Pigouvian tax
– Know the quantity of dirty good goes down– QD(P ′ − τ) < QD(P)

– Know the price must go up– P ′ > P implies Q′ < Q

– Implies that green good goes up, but does not fully offset– 0 < ∆QG < |∆Q|
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Pigouvian subsidy on green good
– subsidy must mean that production of green good increases– QG(P ′ + τ) > QG(P)

– So price must fall– Q < Q’ implies P > P’
– Dirty good falls, but net supply increases– 0 < |∆QG| < ∆Q

now DWL *must* be positive, since P < social MC
Things look even worse if the cost of public funds is positive– subsidy must be financed with distortionary taxes
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Despite this, subsidies remain remarkably popular
– so worth understanding how they work
– focus on case of correcting externalities, but implications extend togeneral goal of increasing socially desirable activites
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Core tax theory result: Targeting
From Kopczuk (EL 2003)

One of the main results of the literature on optimal taxation in the
presence of externalities (e.g., Sandmo, 1975; Ng, 1980; Boven-
berg and van der Ploeg, 1994) is the “additivity property”: the pres-
ence of an externality affects only the formula for the tax on the
externality generating commodity, and it does not affect the op-
timal taxes imposed on other goods. Dixit (1985) referred to this
result as an example of a more general “principle of targeting”:
one should correct the externality by targeting its source directly.
This result has powerful implications for designing tax policy, be-
cause it implies that correcting externalities may be done on an ad
hoc basis by taxing suspect commodities, without relying on other
components of the tax system to address this problem.
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Inputs vs outputs
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Should subsidies pay for inputs or outputs?
– Agriculture– subsidize fertilizer or crops
– R & D– pay for scientists or innovation
– Housing– build structures or subsidize months rent
– Stimulus– investment or output
Typically policy objective tied to output, so informal logic suggestsoutput subsidies are best [Schmalensee, 1980].
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What margin minimizes public expenditure?
Parish and McLaren [1982] show that this informal logic is not correct,if the goal is simply to minimize government expenditure(cost-effectiveness)
Suppose government wants to obtain some change in output dQ.
Subsidies work *at the margin*– by driving a wedge between MR and MC
But they payout over all inframarginal units as well.
Implication: Cost-effectiveness depends on whether inputs are moreor less intensive at the margin.
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Consider the case of a single input x

With a per unit output subsidy s, FOC
P + s + P ′q = mc

If firm uses x ′ inputs to produce the marginal unit, the same increase inquantity could be achieved with subsidy w = s/x ′

P + P ′q = mc − wx ′

The total public expenditure E would be:– EO = s ∗ q– E I = w ∗ x
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Consider case of decreasing returns
So x is used more intensively on the margin than on average

x ′ > x̄ = x/q

Plugging into the total expenditure function:
EO = sq = (wx ′)q > (wx̄)q = wx = E I

So in the case of **decreasing** returns, an input subsidy wouldachieve dQ(s) at lower public cost than an output subsidy– opposite holds with IRS– equivalent with CRS
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What if there are multiple inputs?
Is it better to target one input or have a uniform input subsidy?
– If the inputs are not substitutable, then the previous logic applies.– Subsidizing inputs that are used relatively more intensely at themargin is cheaper than a uniform input subsidy.
– If the inputs are substitutable, changing relative input costs will alterthe input mix.
– PM show that this input substitution could potentially more thanfully offset the intended effect.
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PM provide a rationale for seemingly misguidedinput subsidies
– These abound: fertilizer, capital; transportation; services
– Conclude that a good input for a tax case would:– have a high elasticity of supply– be substitutable for factors that are relative fixed/ inelastic– be less substitutable with inputs that are also very elastic
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Important caveat: Input subsidies may also causeallocative inefficiency
– Absent subsidies, inputs used such that marginal product isproportional to marginal price.
– By distorting relative prices, we also distort marginal products– Marginal subsidized input less productive than social cost
– [Goolsbee, 2004] looks several industries and finds that firms shifttowards higher quality capital when they receive investment subsidies– this explains essentially ALL of the increase in spending, ratherthan buying more of existing capital types
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Empirical evidence
- Cash for coolers [Davis et al., 2014]: most recipients inframarginal
- [Goolsbee, 1998]: shocks to R&D spending increase scientist andengineer salaries by 30-40%
- Not much empirical evidence on inputs vs outputs
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Aldy, Gerarden & Sweeney (2021)
Wind capacity in the US increased tenfold in the last decade
This has largely been driven by generous Federal subsidies

2014 one-year PTC extension: $6.4 billion
2009 ARRA introduced a new subsidy type that targeted windinvestment rather than electricity output

Section 1603 grant program
AGS estimate the impact of this subsidy choice on windproduction
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Research Question
Are wind farms less productive if they receive an investment subsidy rather
than an output subsidy?

Methods:

Use natural experiment introduced by ARRA
Instrumental variables approach (fuzzy RD)
Matching + “difference-in-differences”

Results:

Wind farms selecting the investment subsidy are 10 - 12 % lessproductive than they would have been (under the PTC)
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AGS Public Cost of Energy
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Subsidy Timing
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How do consumers tradeoff upfront and futureenergy costs/ benefits?
One important difference between input and output subsidies istiming. Investment subsidies are up front, whereas productionpayments inherently occur over time.
It’s possible that adopters may value the two differently. Why?

Pure time preferenceUncertainty
De Groote & Verboven attempt to estimate both the discount rateand preference for subsidy type conditional on that.

Possible because Belgium subsidies both investment andproduction, and the relative generosity of each varied overtime (as did prices)
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Specifying preferences for upfront vs futureenergy costs/ benefits?
Utility to i from choosing good j :

uij = νijt + ϵijt

, where ϵ is the RUM component.
ν is the “conditional” value choosing choice j

νijt = δjt = xjtγ − αpjt + ξjt

“price” here consists of an upfront cost (net of up front subsidies (τ ))and a discounted stream of future subsidies s. [Will come back to this]
pjt = pGROSS

jt − βττ − βss
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Static estimatation
Berry (1994) showed how we can allow for unobserved ξ by invertingthe observed shares:

Sjt =
exp(δjt)∑J
0 exp(δjt)

where δjt is the mean utility, before ϵ is observed (and ignoring anyheterogeneity in preferences)
Allcott & Wozny discussed how to estimate using exogenous variationin s and product fixed effects to remove ξ
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What happens if consumers chose when to buy?
Assume that purchasing is a terminating activity, so if dt = j > 0, utilityis 0 for all subsequent periods.
However, if dt = 0, the consumer has the option to buy again nextperiod. So

u0t = 0 + βEt V̄t+1

where Et V̄t+1 is the expected value of subsequent optimal behavior.
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Ignoring this continuation value will lead to biasedestimates
The bias is context specific, but several papers have found this leadsagents to appear more price elastic (for example in the case of laundrydetergent (Hendel and Nevo))
To use the RUM framework on dynamic decisions, we need toincorporate continuation values

27 / 47



Subsidies
Prof. RichardSweeney

AbatementSubsidies
Substitutes
Inputs vs outputs
Subsidy Timing
Background
Results
References

What’s in EtV̄t+1?
[From Arcidiacono’s nice Annual Review article.]

dt is the choice from J alternatives each period
decision rule

σ∗ = argmax
σ

E

(
T∑
t

βt [u(xt ,dt) + ϵ(dt)]|x1, ϵ1

)

where the expectations are taken over the future realizations of xand ϵ induced by σ∗

Value function V (xt , ϵt) represents the expected presentdiscounted value of lifetime utility from following σ∗

Since ϵ is unobserved, its helpful to define the ex-ante valuefunction as the value of being in state xt , just before ϵt is revealed.
28 / 47
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How to compute EtV̄t+1?
Rust (1987) computes EV directly within estimation routine. Assumes:

1 Exogenous state variables follow a first order Markov process
2 Evolution is conditionally independent of the taste shocks ϵ

Estimation:
1 Guess θ
2 Iterate on Bellman Operator using observed state transitionprobabilities
3 Compute likelihood of observed decisions

Several papers have estimated solar PV adoption models this way (Burr2016, for example)
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Challenges with Rust’s brute force method
Rust’s approach is computationally burdensome.
It also requires explicit assumptions about the stochastic processesgoverning state variables (and agents expectations over them).

DG & V describe their states as ωt = (u0,t+1, δ1,t+1, · · · , δJ,t+1)

note each δ depends on complicated policy / subsidy variation
In Rust we assume ω follows a Markov process matched toempirical density f (ωt+1|ωt)
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As an alternative, DG & V adopt a “rationalexpectations” approach from Scott (2013)
Decompose the ex ante value function into a realization and ashort run prediction error

ηt ≡ V̄t+1 − Et V̄t+1

Assume that households have rational expectations in the sensethat η is mean zero. (will come back to this)
This allows them to rewrite the utility of the outside option as

δ0t = u0,t + β(V̄t+1 − ηt)
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De Groote and Verboven approach I
The ex ante value function can be rewritten as

V̄t+1 = 0.577 + ln
J∑

j=0

exp(δj,t+1)

Hotz and Miller (1993) insight: pick an option j = 1,
s1,t+1(δt+1) =

exp(δ1,t+1)∑J
0 exp(δj,t+1)then take logs

ln
J∑
0

exp(δj,t+1) = δ1,t+1 − ln s1,t+1(δt+1)
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De Groote and Verboven approach II
Plug that back into the ex ante value function

V̄t+1 = 0.577 + δ1,t+1 − ln s1,t+1(δt+1)

What does this say? The ex ante value function at time t + 1 is equal to
the utility from choosing option 1
plus Euler’s constant (mean of the Type I EV distro)
minus some correction for the chance that 1 might not be the bestoption (which is (intuitively?) related to the share of 1)

33 / 47



Subsidies
Prof. RichardSweeney

AbatementSubsidies
Substitutes
Inputs vs outputs
Subsidy Timing
Background
Results
References

De Groote and Verboven approach III
Finally, we have the mean utility from not adopting as

u0t = 0 + β(0.577 + δ1,t+1 − lnS1,t+1 − ηt)

where we have normalized the static component of the outside optionto 0, and plugged in the observed share.
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Back to Berry (1994)
ln(Sjt/S0t) = δjt − δ0t

Sub in mean utilities to obtain
ln(Sj,t/S0,t) = (xjt − βx1,t+1)γ − α(pjt − βp1,t+1) + βlnS1,t+1 + ejt

Where ejt = ξjt − β(ξ1,t+1 − ηt)

[in static case, β = 0]
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DG & V Intuition?
Imagine there is a single product (J = 1)

Estimating equation can then be written
ln

S1,t/S1,t+1

S0t
= (x1t − βx1,t+1)γ − α(pjt − βp1,t+1) + e1t

– Basically regress the change in the number of adopters on thechange in price.– Same logic as an Euler equation, where agent is indifferent between aone period delay in an action along equilibrium path.
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Investment subsidies (up front)
2006-2007 households can apply for a 10% investment subsidy
There was also a general tax credit of 40%

Max amount varied from €1,200 in 2006 to €3,600 in 2011.
In 2012 the tax credits are abolished

What do people think about this? What might consumerexpectations look like?
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Production subsidies (in the future)
GCC production subsidies

Fix price per unit of output, paid over 20 years
Level of payment varies a LOT.

€450 in 2006; €90 in 2012.
2013 phaseout begins; 2014 it is abolished.

Net metering

Compensated for electricity supplied back to the grid.
Can’t go negative.
Not much said about compensation rates.
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Data
What do they observe?

Date and size of system
Location

What don’t they observe?

Prices
Actual production
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DG & V Variation

Which of these are actually observed well in the data?
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DG & V Adoptions

Main estimates at the MONTH level.Clearly it would be hard to express expectations for this pattern.
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DG & V Results

Dynamics matters a lot for price sensitivity
Has essentially no effect on the discount rate
After all this, funny that they come up with basically the same r asAllcott and Wozny
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Main story is remarkably robust

What do people make of this?
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Even the distribution they recover is tight

At the market time level, but still. 44 / 47



Subsidies
Prof. RichardSweeney

AbatementSubsidies
Substitutes
Inputs vs outputs
Subsidy Timing
Background
Results
References

Graphs on alternative assumptions

What if people don’t expect to stay in their homes?
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