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Comparing the Effects of Subsidies on Target Goods

Markus Dertwinkel-Kalt*  Christian Wey"

July 2025

Abstract

We analyze the equilibrium effects of different subsidies on target goods under both per-
fectly competitive and monopolistic market structures. We concentrate our analysis on three
particularly common forms of subsidies: (i) a per-unit subsidy, (ii) an ad valorem subsidy,
and (iii) an “inversely related” subsidy, which increases as the price of the target good de-
creases. To evaluate the price effects of the subsidies, we rely on two criteria, an “equal-
relief” criterion—which relies on a pass-through analysis—and a cost-effectiveness criterion.
Overall, the ad valorem subsidy always yields the strongest price-increasing effect, whereas
an inversely related subsidy leads to the lowest price increase. Consequently, the ad val-
orem subsidy induces the largest output expansion under perfect competition, whereas the
inversely related subsidy dominates the other subsidies in a monopoly under both criteria.
Those findings are consistent with several empirical facts, such as observed price differences
for green target goods across European countries.

JEL-Classification: D04, D40, H20.
Keywords: Subsidies, Target Goods, Equal-relief, Pass Through, Cost Effectiveness.

1 Introduction

Countries worldwide implement a variety of subsidy schemes to promote target goods, par-
ticularly for households in the context of their green economic transition, such as the adop-
tion of heat pumps, the installation of solar panels, or the purchase of electric vehicles. In this
context, understanding the extent to which each type of subsidy affects market equilibrium—
particularly the prices and quantities of the target goods—is crucial.

In this paper, we compare the price and quantity effects of subsidies that are affine in the
market price of the target good. We concentrate our analysis on three especially prevalent subsi-
dies that are special cases of the affine subsidy: a per-unit subsidy (as implemented, e.g., recently
in Germany for solar panel installations or electric vehicle purchases, or in France for heat pump
adoptions), an ad valorem subsidy (as implemented, e.g., in Germany for heat pump adoptions),
and an inversely related subsidy (as implemented, e.g., in Japan for solar panel installations). The
inversely related subsidy is proportional to the difference between a reference price set by the
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regulator and the market price, meaning that the subsidy increases as the market price of the
target good decreases. We conduct our analysis for different market structures, namely, for per-
fectly competitive supply as well as for a monopolistic supplier.

All three types of subsidies shift the inverse demand function upward; that is, they drive
a wedge between the market price received by suppliers and the price actually paid by con-
sumers. The per-unit subsidy increases the inverse demand for any quantity by the amount of
the subsidy and thus represents a parallel shift of the inverse demand function. The ad valorem
subsidy tilts the demand clockwise, and the inversely related subsidy tilts it counter-clockwise.
It follows that the wedge between the subsidy-induced inverse demand and the original inverse
demand is decreasing in quantity under the ad valorem subsidy, constant under the per-unit
subsidy, and increasing under the inversely related subsidy.

We investigate the effects of the subsidies according to two criteria: the equal-relief criterion
and the cost-effectiveness criterion. The former criterion assumes that the subsidies reduce the
initial consumer price by the same amount. This captures the stated intent of many real-world
interventions: policymakers frequently aim to relieve consumers by €X per unit. From an equal-
relief perspective, a subsidy is preferred if it leads to a higher output level than all other consid-
ered alternatives. This reflects an inherent shortsightedness of the equal-relief approach, which
focuses on the subsidy’s output effects while neglecting its fiscal costs in equilibrium. Notably,
in case of marginal changes of the subsidies, this approach leads to a pass-through analysis. The
cost-effectiveness approach, in contrast, takes full account of the equilibrium adjustment in-
duced by the subsidies. The question here is which of the subsidies achieves a certain output
level with the lowest fiscal costs.

The comparison of subsidy types depends on the benchmark used for evaluation and the
market structure. In a perfectly competitive market, existing results from the taxation literature
imply that all three subsidy types—per-unit, ad valorem, and inversely-related—are equally
cost effective. We confirm this result. However, when applying the equal-relief criterion, the ad
valorem subsidy leads to the largest increase in the market price and, consequently, the greatest
expansion in output under perfect competition. The intuition is as follows. If the market price
were held fixed at the pre-subsidy level, then—under the equal-relief assumption—all subsidies
would generate the same level of consumer demand. Given an upward-sloping supply func-
tion, the equilibrium price must rise relative to the pre-subsidy level, implying that equilibrium
output will fall short of the level that would be achieved if the price remained unchanged. Now
remember that under the ad valorem subsidy, the wedge between inverse demand with and
without the subsidy increases as output falls; under the per-unit subsidy, it remains constant;
and under the inversely-related subsidy, it declines. It follows that the ad valorem subsidy
results in the greatest output increase, the inversely-related subsidy in the smallest, and the
per-unit subsidy lies in between.

In the case of a monopoly, the optimal quantity is determined by equating marginal rev-
enue and marginal cost. Marginal revenue, in turn, critically depends on the slope of the in-
verse demand function. A larger absolute value of this slope—ceteris paribus—implies a lower
marginal revenue. The effects of the three subsidy types under monopoly can thus be analyzed
by comparing how marginal changes in each subsidy are passed through to prices, under the



equal-relief assumption. A marginal increase in any of the three subsidies leads to an increase
in monopoly output. However, the magnitude of this effect depends, again, on how the afore-
mentioned wedge varies with output: under the inversely-related subsidy, the wedge increases
with output; under the ad valorem subsidy, it decreases; and under the per-unit subsidy, it re-
mains constant. As a result, the output effect is strongest for the inversely-related subsidy and
weakest for the ad valorem subsidy, with the per-unit subsidy lying in between. Since this or-
dering holds not only relative to the no-subsidy benchmark, but also when a subsidy is already
paid in the benchmark, the inversely-related subsidy dominates the other two—both in terms of
output expansion under the equal-relief criterion and in terms of cost effectiveness. By contrast,
the ad valorem subsidy is the least cost effective and leads to the highest monopoly price and
the smallest output increase under the equal-relief benchmark.

Overall, our results highlight the price-increasing effect of the ad valorem subsidy. While
this leads to the largest output expansion under perfect competition, the opposite is true in
a monopoly setting, where the ad valorem subsidy results in the smallest output increase.
In contrast, the inversely-related subsidy generates the smallest price increase and becomes
strictly preferable when firms face downward-sloping demand curves—that is, when firms do
not face perfectly elastic demand curves, as in monopolistic markets. When applying the cost-
effectiveness criterion, the inversely-related subsidy is never outperformed by the other subsidy
types. It is strictly preferred whenever firms possess some degree of market power.

Our findings are consistent with several empirical facts, such as observed price differences
for green target goods across European countries, which originally motivated this paper. Our
equal-relief approach helps explain why the German government—prioritizing a rapid, nation-
wide transition to sustainable heating systems while giving only limited consideration to associ-
ated costs—has opted for ad valorem subsidies for heat pumps: in competitive markets, output
expands more under an ad valorem subsidy than a unit subsidy. Standard cost-effectiveness ar-
guments cannot account for this choice: under perfect competition, all subsidy types are equally
cost effective, while in monopolistic markets, ad valorem subsidies are the least cost-effective
option. Our framework also sheds light on the significantly higher prices for heat pumps, for
instance, are significantly costlier in Germany compared to FranceE] supporting the view that
this disparity is largely due to differences in national subsidy schemes (Deutsche Umwelthilfe)
ZOZS)EI Presumably, these high prices result from inelastic supply as the supply of heat pump
installations is rather competitive than monopolistic.

Related Literature Our analysis builds on a foundational strand of the public finance litera-
ture that compares the incidence and efficiency of per-unit versus ad valorem taxation (Wicksell,
1896} Suits and Musgrave, 1953} Bishop, 1968; Hamilton, 1999; Anderson et al., 2001} Auerbach
and Hines, 2002]) EI The main takeaway here is that an ad valorem tax is particularly effective in

1See https://www.tagesschau.de/wirtschaft/verbraucher/waermepumpen-kosten-foerderung-100.html)

For an overview of heat pump subsidies across Europe in 2023, see (European Heat Pump Association} 2023)).
See also https://wuw.euronews.com/green/2024/01/21/heat-pumps-government-subsidies-in-europe-are-
making-green-tech-more-affordable|for a more recent summary.

°To promote the adoption of green target goods, also very different types of subsidies have been implemented.
For instance, in the case of solar panels, subsidies have sometimes targeted future electricity production rather than
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environments of imperfect competitionﬁ While we provide a comprehensive analysis of sub-
sidies commonly used to promote target goods, many of our findings concerning the per-unit
subsidy and the ad valorem subsidy can be pieced out of this literature when acknowledg-
ing the “reverse” relation between taxes and subsidies. A central object of our analysis is the
inversely related subsidy which has been studied by Kiso| (2022)) as a formalization of Japan’s sub-
sidy program for solar panel installations. Within an oligopolistic market model, he finds that
the inversely related subsidy is more cost effective than a per-unit subsidy, which in turn outper-
forms an ad valorem subsidy. We show that the inversely related subsidy can be interpreted as
a combination of a per-unit subsidy and an ad valorem tax, and here the respective literature has
shown that such a combination is particularly effective in environments with imperfect com-
petition (Delipalla and Keen| [1992; Dillén, [1995; Myles| (1995, 1996)); thus echoing the results
presented in Kiso (ZOZZ)EI We extend this literature by studying the inversely related subsidy
in comparison with the per-unit subsidy and the ad valorem subsidy for the benchmark market
structures of perfect competition and monopoly, and by examining the equal-relief and pass-
through implications of the subsidies.

We proceed as follows. In Section we introduce the subsidies, followed by Section where
we present the two criteria used to analyze them. Section ] contains our analysis in competitive

markets, while Section [5|extends the analysis to monopolistic markets. Section |6 concludes.

2 Consumer Demand and the Subsidies

We first establish our demand system (Section before we introduce the different subsidy
schemes that we analyze (Section[2.2)) and demand under these subsidies (Section[2.3)).

2.1 Consumer Demand

Consider a target good x for which the policymaker wishes to lower the market price p that

consumers pay. The representative consumer has a quasilinear utility function, where the utility

of the target good is given by u(z) with u/(z) := ag—(f) > 0and u”(z) := 8231;(2:”) < 0forallz > 0.

Thus, consumer preferences for the target good are monotone, and marginal utility decreases
with higher consumption levels. The consumer solves the utility maximization problem

This gives the first-order condition

provided that there exists x such that marginal utility «/(z) is larger than the market price p.

From ([I]) we get the demand function z(p). In the following, we mostly work with the inverse

providing upfront investment support (De Groote and Verboven, 2019). We do not analyze such subsidies in this
paper.

*While we assume profit maximization, other contributions have compared per-unit and ad valorem taxes and
subsidies under revenue maximization (Gaudin and White, 2014)).

> Another key insight from this literature is that such a combination can offset monopoly distortions (via an ad
valorem tax) and implement second-best (Ramsey-Boiteux) pricing in regulated markets (Myles|[1996)).
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demand function p?(z) := x~!(p), which also follows from ((I]) and is given by

pP(z) = /(2), (2)
with slope
D x
8pag£ ) _ u"(x) < 0; (3)

that is, demand is downward sloping.

2.2 The Subsidies

We consider subsidies for target goods, which are granted per unit of transaction. Quite gen-
erally, such a subsidy comes as a positive, affine transformation of the market price, p, of the
target good and thus is of the form

t+ sp > 0,withs,t € R. (4)

By definition, a subsidy is never negative, and there exist prices p for which the subsidy is strictly
positive. A subsidy consists of a price-independent parameter ¢ (the “per-unit” part) and
a dimensionless parameter s, expressing the proportion of the market price that is subsidized
(the “ad valorem” part). We assume 0 < t < p, so that ¢ stands for a per-unit subsidy which
is smaller than the market price. Likewise, it is sensible to restrict the ad valorem parameter
to values below one; i.e.,, s < 1. Otherwise, consumer demand, z(p) is upward sloping in the
market price p, meaning that the subsidy scheme could be milked indeﬁnitelyﬂ

With a subsidy (4)) in place, the consumer price, p, for a given market price p is obtained by
subtracting the subsidy from the market price, which gives

p=p—(t+sp) (5)

Given the pre-intervention market price p, we assume that the subsidy never reduces consumer
demand z(p). This is guaranteed by assuming that the subsidized price consumers face, p, is
strictly smaller than the pre-intervention market price p for any demand level z > z(p). Taken
together, if p is the pre-intervention market price, then we restrict attention to subsidies that
fulfill

t+sp>0with0 <t < pands < 1sothatz > z(p). (6)

Importantly, a subsidy according to (6]) drives a wedge between the market price p received by
suppliers and the consumer price p actually paid by consumers.

In practice, three parameter constellations of ¢ and s are of particular relevance. First, for
t > 0 and s = 0 we have a per-unit subsidy. Second, for t = 0 and s € (0,1) we get the case

®However, a subsidy with s > 1 is not entirely unrealistic, as demonstrated by Italy’s ‘superbonus’ program for
home renovations, introduced in the aftermath of the COVID-19 pandemic. This initiative offered a highly generous
tax credit—at times reaching 110%—for specific types of building improvements, particularly those aimed at en-
hancing energy efficiency and seismic resilience (Corsello and Ercolani} [2024)). Unsurprisingly, the fiscal cost of the
superbonus has proven to be substantial, but is mostly covered by the EUR 750 billion coronavirus recovery fund.



of an ad valorem subsidy. Notably, in both cases, the subsidy is globally strictly positive for all
p > 0. A third case is obtained for ¢ > 0 and s < 1 in which case a per-unit subsidy is combined
with either an ad valorem subsidy (for s € (0,1)) or an ad valorem tax (for s < O)EI In the
former case, the subsidy is globally positive for any p > 0, which is not necessarily true in the
latter case. Notably, the latter constellation is quite common, since most goods subsidized on
a per-unit basis remain subject to the usual value-added tax. In principle, a combination of a
per-unit subsidy and an ad valorem tax can lead to a net tax or a net subsidy depending on
the value of the market price. However, our paper is concerned with subsidies, we require that
such a combination satisfies () and thus yields a strictly positive relief for consumers. Now,
observe that in this situation the subsidy (]) can be expressed as

(p—p)r,withr := —s,and p := —é. (7)

This expression allows for a new interpretation of a regulatory regime in which a good is sub-
sidized on a per-unit basis while simultaneously subject to an ad valorem tax. Specifically, such
a combined intervention is equivalent to a subsidy defined by a fixed “reference price” p being
strictly larger than the market price p and a parameter » € (0, 1), so that the subsidy is inversely
related to the product’s price. This subsidy scheme is interesting in its own right because ad
valorem taxes are typically not set on an industry-specific basis. By setting the reference price
P > 0 and the parameter r € (0, 1), this subsidy scheme allows the government to combine a
per-unit subsidy with an valorem tax on a specific targeted good.

To sum up, we consider the following three subsidies paid directly to consumers:

1. Per-unit subsidy (“¢-subsidy”): The consumer receives a subsidy 0 < ¢ < p, and the

consumer price is
pr:=p—t (8)

2. Ad valorem subsidy (“s-subsidy”): The consumer receives a subsidy sp, with s € (0, 1),

and the consumer price is
ps :==p(l—s). )

3. Inversely related subsidy (“r-subsidy ”): The consumer receives a subsidy (p — p)r, with
r € (0,1) and p > p, and the consumer price is

pri=p—(@-p)r (10)

Let 0 € ¥ := {r,s,t} indicate the type of subsidy in place. For any market price p, the
amount paid by consumers decreases as the subsidy parameters ¢, s, or r increase, so that each
subsidy provides financial relief to consumers purchasing the target good. A per-unit subsidy
lowers the price of every unit by a fixed amount ¢; an ad valorem subsidy reduces the price by
the fraction s of the market price; and an inversely related subsidy decreases the price by the

proportion r of the gap between a reference price p and the market price p.

7 A fourth case could be a combination of a per-unit tax and an ad valorem subsidy. While this case is conceivable,
it appears to be less practically relevant.



2.3 Induced Consumer Demand under the Subsidies

Replacing the market price p in ([I]) by the subsidized consumer price p,, we get the induced
inverse demand suppliers are facing when consumers pay p” (z) and receive the subsidy o € ¥.

Those induced inverse demand functions are given by

pf(z) = p"(x)+t, (11)

pPa) = fﬂinx;,and (12)
_ pPx) +pr

p(x) = T lar (13)

Each subsidy creates a strictly positive wedge between the induced inverse demand and the
original inverse demand, which is given by the difference pZ (z) — p” () for the subsidies o € ¥.
For any given quantity z, the wedge measures by how much a subsidy increases consumers’
maximal willingness to pay per unit of the target good. In case of a ¢t-subsidy, we get p? (z) —
pP (z) = t, so that the wedge is a constant and independent of the consumed quantity. Thus, the
induced inverse demand under a ¢-subsidy is obtained by shifting the original inverse demand
upwards by the amount of ¢. For the s-subsidy, the wedge is given by p? (z) —pP (z) = =.pP(z),
so that the induced demand again lies above the original inverse demand, but because % <
0, the wedge is decreasing in the consumption level of the target good. This means that the
subsidy per unit is higher for low consumption levels and lower for higher consumption levels
of the target good. Finally, if the r-subsidy applies, then the wedge becomes p? (z) — p? (z) =
lrﬁ(ﬁ —pP (x)), so that the induced inverse demand lies above the original demand, but the
wedge is now increasing in the consumed quantity of the target good.

3 Two Criteria to Compare the Subsidies

Although each subsidy ceteris paribus lowers the price consumers pay, any meaningful compar-
ison of the subsidies must recognize that the policies also alter the equilibrium market price p.
Below, we analyze the subsidies within the two benchmark market structures of perfect com-
petition (indexed by “+”) and monopoly (indexed by “AM”). Let w € Q := { *, M } indicate the
market structure. Given a market structure w and a subsidy o, let z%, p” (z%), and p¥ denote
the equilibrium values of the quantity, the consumer price, and the market price, respectively,
where the market price follows from (T1))-(T3)) with p¥ := p2(2%). Below we show that there
exist such unique values under both market structures for all feasible parameter values of the
subsidies.

It is helpful to define the set of all feasible triples 6“ of the three subsidies that give rise to
the same equilibrium output 2% under market structure w by

0% = {(t,5,7) € [0,5) x [0,1) x [0, e = o = o > 2},

where 2% and p“ denote the pre-subsidy output level and the pre-subsidy market price, respec-
tively.



We investigate the relative performance of the subsidies from two perspectives: the equal-
relief criterion and the cost-effectiveness criterion. The former approach assumes that the subsi-
dies reduce the initial consumer price by the same amount. Thus, the subsidies are “matched
at the initial price” (Suits and Musgrave, |1953)). The evaluation of the subsidies then depends
on the induced quantity and price effects. Notably, in case of marginal changes of the subsidies,
this approach leads to a standard pass-through analysis. The cost-effectiveness approach, in con-
trast, takes full account of the equilibrium adjustment induced by the subsidies. The question
here is which of the subsidies achieves a certain output level with the lowest fiscal costs.

Equal Relief. Suppose the pre-subsidy equilibrium is given by (z*, p*) with * > 0. Now con-
sider strictly positive values of the subsidies which reduce the pre-subsidy consumer price p*

(which is equal to the market price p“) by the same amount. This gives the equal-relief conditions
pt=Ds=pr & t=ps= (ﬁ _pw)r' (14)

Notably, this approach allows to compare the subsidies” quantity effects relative to the pre-
subsidy market equilibrium (2, p*).

Definition 1 (Equal Relief Subsidies). Fix a market structure w € . A subsidy triple (t,s,r)
provides equal relief relative to the pre-subsidy market equilibrium (z*,p*) if and only if t = p¥s =
(p — p*)r holds. From an equal-relief perspective, a subsidy is preferred if it leads to a higher output level
than all other considered alternatives.

Thus, this approach assumes a fixed pre-intervention price, p*, which allows us to calculate
the per-unit equivalents of the s- and r-subsidy, which are given by p“s and (p — p“)r, respec-
tively. The equal-relief criterion according to Definition ([1]) reflects the inherent shortsighted-
ness of the equal-relief approach, which focuses solely on output while neglecting equilibrium
price effects and thus the fiscal costs associated with the subsidies. Still, it has the advantage
that it relies only on observable market variables—namely the prevailing price and the mandated
transfer—whereas the standard cost-effectiveness criterion requires full knowledge of demand
and supply schedules, an unrealistic requirement when short-run and long-run curves differ
substantially and the relevant horizon is unclearﬁ

We now define the normalized subsidy values as

v =1t,95 = p¥s,and 4y = (p - p¥)r,
so that the equal-relief conditions ([14]) can be written as
V= =

While so far, equal relief referred to the pre-subsidy equilibrium, we now generalize equal

$Interestingly, this approach can also be justified with behavioral-economic reasoning: both voters and policy-
makers are often myopic and fail to anticipate equilibrium adjustments. There is ample evidence that citizens and
policymakers struggle with contingent reasoning and tend to neglect equilibrium feedbacks, leading to systematic
misperceptions of policy effectiveness—already noted by Smith| (1776]) and recently demonstrated in experimental
work by|Dal B6 ef al.| (2018]) and [Nunnari ef al.| (2024]).



relief conditions to initial market equilibria with subsidies 6§ € ©“ in place. In the correspond-
ing initial market equilibrium (z¥, p¥/) there is a wedge between the consumer and the market
price. The consumer price must be the same under all subsidies, whereas the market price could

differ. Starting from such a situation, we refer to equal relief if
A = Avg = Ay, with Ay := At, Ayg = p{As, and Ay? = (p—py)Ar,  (15)

holds for discrete increases At, As, and Ar. Likewise, we speak of equal relief for marginal

subsidy increases if
dvy = dve = dvy, with dvy = dt, dv? := p?ds, and dvy = (p — p¥)dr,

holds for marginal increases dt, ds, and dr. We can now define the quantity effects and the pass-
through rates of the prices that are induced by marginal changes of the normalized subsidy

values.

Pass-through. The quantity effect of a marginal change of the normalized value of a subsidy

o is given by
dxy

Z 1

dvg 16

and the pass-through rates of the subsidies on the consumer and the market prices are given by

dpP () dps
dg dvg’

(e

respectively.

The normal reaction to an increase of a subsidy is that the market price goes up; however, in
case of a monopoly it could be that the monopoly price p} is reduced when the subsidy is
marginally increased. In accordance with the cost pass through literature, we refer to the case
where the consumer price decreases by more than the subsidy increases (i.e., the market price

decreases with a subsidy-increase) as “overshifting.”

Relation between equal relief and pass-through. Now note that the quantity effect of a sub-
sidy, 2% — z*, can be calculated as follows:

Y5 dpv
2 — ¥ = / 0 e, (17)
0 drYo’

Likewise, the change in consumer prices from a subsidy follows from pass-through as follows:

) - = [Ty, (18)
0 Vo

and also the change in market prices follows from pass-through:

Vo dp¥
g —p = / ——dvg, 19
0 d/YO' ( )



respectively.

Cost Effectiveness. Consider a triple of strictly positive subsidies, %, for a given market struc-
ture w, so that the equilibrium quantity is identical across all three subsidies 0 € ¥ with z¥ > 2%.
Denote by ¢% the equilibrium per-unit subsidy of the o-subsidy that achieves this output level.
Then,

of =1, ¢ =pgs, and ¢ = (p — pi¥)r; (20)

holds, where p¥ and p¥’ denote the equilibrium market prices. The higher ¢ is, the less cost
effective is 0.

Definition 2 (Cost Effectiveness). Fix a market structure w € Q. Suppose 0 implements the same
equilibrium quantity ¥ > x* for all o € X. Then, subsidy o is said to be more, equally, or less cost
effective than subsidy o' if ¢ < ¢, @5 = ¢%), or ¢ > ¢%,, respectively, holds.

This “cost-effectiveness” approach is also examined in the commodity taxation literature,
where it is referred to as the “equal-yields” approach (Suits and Musgrave) [1953)).

4 Perfect Competition

We first present the model in Section before we provide the equal-relief analysis of the
subsidies (which also includes the pass-through analysis) in Section[4.2and the analysis of the
cost effectiveness criterion in Section 4.3]

4.1 Benchmark Model of Perfect Competition

Assume a standard partial equilibrium model of a perfectly competitive market for a target
good z (seeMas-Colell et al.,[1995| chap. 10C), where the inverse consumer demand is given by
. On the supply side, we have a representative firm that maximizes profits, 7, by choosing a

supply quantity. The firm takes the market price p as given and solves

max 71 = px — C(x), (21)

where C(z) is the cost function with C’(z) := ag;x) > 0and C"(z) := 8282(2”") > 0. To ensure a
strict gain of trade in the market for x > 0, we abstract from fixed production costs (i.e., we set
C(0) = 0), and we assume that the choke price (which is the smallest price where demand is
zero) is strictly larger than the marginal production cost of the first unit of the target good. The

inverse supply function follows from the firm'’s first-order condition
p—C'(z)=0,

and is given by
PS(2) = C'(@). (22)

In the absence of a subsidy, the price consumers pay and the price suppliers receive is
the same in the unique (Walrasian) competitive equilibrium, (p*, z*), which follows from the

10



market-clearing condition
pP(z*) = pP(a*) = p* & C'(a*) = v/ (z*) = p*, with p* > 0 and z* > 0, (23)

where the existence and uniqueness follows from (3)) (i.e., the inverse demand is strictly down-
op5 (x)
Ox

ward sloping), = C" > 0 (i.e., the inverse supply is non-decreasing), and from assuming

a sufficiently large choke price.

4.2 Equal Relief and Pass-Through Analysis

With a subsidy o € ¥ in place, the competitive equilibrium follows from the intersection of the
respective induced inverse demand function (see (I1))-(I3))) and the inverse supply function
(22)). Accordingly, the competitive equilibrium under subsidy ¢ is given by (p, %) and follows
from the market equilibrium condition

pi(xy) = p; (w5) =y & C'(a) = p7 (x;) = pj, forallo € 5. (24)

Next, we analyze the effects of the subsidy programs under the equal-relief approach under
three different supply conditions: i) horizontal supply, ii) normal supply, and iii) vertical sup-

ply.

Case i (Horizontal Supply). Suppose the market supply is perfectly competitive in the sense
that the industry supply is perfectly elastic; that is, it is a horizontal line parallel to the z-axis in
the market diagramﬂ In this case, the market price is fixed by the industry’s constant marginal
costs C'(x) = ¢ > 0, so that the equilibrium price is given by p* = cforall z > 0. We first analyze
how the competitive equilibrium is affected by a marginal change in the subsidies’ normalized
values 7,. We get the following comparative statics results.

Proposition 1 (Pass-through under perfect competition with horizontal supply). Assume a hor-
izontal inverse supply function. Suppose 0* € O*. A marginal change of the normalized subsidy ~,,
with o € 3, affects the market equilibrium (%, x%) and the consumer price pP (z%) as follows:

i) The quantity effect is identical for all o € ¥ with

dx} 1
=———— 2.
s Bpl(;(x:;) > 0 forall o €
X

i) The pass-through rate of the consumer price is identical for all o € ¥ with

dp” (z})
ds

The supply is perfectly elastic if the competitive industry is characterized by free entry, all firms have access to
the same technology, and there are no resource constraints in input markets.

=—1foralloc € X.
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iii) The pass-through rate of the market price is identical for all o € ¥ with

d k
d:; =0forall o € %.

Now, assume that the subsidies fulfill the equal-relief conditions (14)). Using (17)), (18], and
(119), we get the total effects of the subsidies concerning their impacts on output levels, consumer

prices, and market prices, respectively. Proposition thus implies the following comparison
of the three subsidies that fulfill the equal-relief conditions ([14]).

Corollary 1 (Equal relief with horizontal supply). Assume a horizontal inverse supply function.
Suppose the strictly positive subsidies t, s, and r offer equal relief to consumers according to ([14]). Then,

*

Pi=Dps=pr=D",

* ok ok *
Ty =T, =T, > T,

and
P () = pP (%) = p"(2}) <p",
so that none of the subsidies is preferred from an equal-relief perspective.

This shows that all three subsidies affect the market equilibrium in exactly the same way if
the supply side is perfectly price elastic and the level of financial relief is identical. Under such
conditions of perfect competition, the policymaker only needs to determine the extent to which

consumers should be relieved; the specific type of subsidy implemented is irrelevant.

Case ii (Normal Supply). Suppose the industry supply function is neither perfectly elastic
(case i) nor perfectly inelastic (case iii), but upward sloping. Again, we first analyze how the

competitive equilibrium is affected by a marginal change in the subsidies” normalized values

Yo

Proposition 2 (Pass-through under perfect competition with normal supply). Assume C"(z) >
0. Suppose 8* = (t, s,r) € ©*. A marginal change of the normalized subsidy ~,, with o € %, affects the
market equilibrium (p, x5 and the consumer price p” () as follows:

i) The quantity effects are

dr{ -1
T opP(z} £\
dy; Pag(C ) _ C//($t)
dry -1
T opP(xx N
drys pai 5 _ (1= 5)C"(z*)
dx} -1

T

i B — (L))

and their ordering is
dxy
0<——< :
dyr  dye  dys

* *
dey  dzi

12



ii) The pass-through rates of the consumer price are

dpP(z)  OpP () dx
7 = o9 1l b
d")’o— ox d’)’a' ﬁ)r o€ s

and their ordering is
dpP(@3) _ dpP(xp) _ dp ()

< 0.
ds dve dy

iit) The pass-through rates of the market price are
dpy _
dry dy

a1 (), AP
ds 1—s dvs

d * D, .%
dpy 1 <1+dp (%))7
dy, 147

and their ordering is
dp* dp* dp*
T < t < s

0< ,
dy, —dy  dys

g 9PE
with Ty < 1.

Using (17)), (18), and ([19), Proposition (2)) implies the following comparison of the three
subsidies that fulfill the equal-relief conditions (14)).

Corollary 2 (Equal relief with normal supply). Assume a normal supply with C"” > 0. Suppose the
strictly positive subsidies t, s, and r offer equal relief to consumers according to (14). Then

Py >pp > pp > P
Ty >xp > x> ok,
and
D D D
p=(wg) <p(xp) <p(zp) <p,
so that the s-subsidy results in the largest output effect and is thus preferred from an equal-relief perspec-
tive.

For a fixed relief per unit, Corollary demonstrates that the ad valorem subsidy leads
to the greatest output expansion among the three subsidy programs considered. Given the
upward-sloping inverse supply function, achieving this higher output requires the equilibrium
price to be highest under the ad valorem subsidy. These effects are illustrated in Figure [T, which
shows how equal relief subsidies affect inverse demand and, consequently, shift the market
equilibrium, with the r-subsidy leading to the lowest equilibrium output and the s-subsidy
resulting in the highest.

13



p A
p3(x)
Ps A
| e _
Py [ :
p*
pP (x)
pe (x)
p? (x)
o PP
0 X xp xp X XPr == Pe =P *

Figure 1: Equal-relief subsidies under perfect competition for linear demand

Notes: The subsidies are designed so that, for a fixed price, they provide equal relief—
meaning the consumer pays the same fraction of the market price in all three cases. As a
result, the shifted demand curves all pass through the same point z(p, = ps = pr = p*),
located on a horizontal line through p*. The t-subsidy shifts the original demand curve
upward in parallel (blue line). The s-subsidy rotates the demand curve clockwise (red
line), whereas the r-subsidy rotates it counterclockwise (green line). The equilibrium
under each subsidy is determined by the intersection of the respective demand curve with
the inverse supply curve. All subsidies increase both the market price and the equilibrium
quantity, with the s-subsidy causing the largest increases and the r-subsidy the smallest.

Case iii (Vertical Supply). Suppose the supply function is perfectly inelastic at the pre-inter-
vention competitive equilibrium (p*, z*); that is, it is represented by a vertical line (orthogonal
to the z-axis) in the market diagram. The comparative statics results for marginal changes in
the normalized subsidy values, 7., are as follows.

Proposition 3 (Pass-through under perfect competition with vertical supply). Assume the supply
quantity is fixed at x* > 0 for all p > 0. Suppose 6* = (t,s,r) € ©*. A marginal change of the
normalized subsidy ~y,, with o € ¥, affects the market equilibrium (p, x}) and the consumer price
pP (%) as follows:

i) The quantity effects are all the same with

d *
dx" =0forallo € X.

Yo

i) The pass-through rates of the consumer price are all the same with

dp” ()

o =0forallo € ¥.

14



iit) The pass-through rates of the market price are

dp; _ | dps _ nd P _

dy, 1+7

dy T dyy 1-—35
and their ordering is

dpy dp;y  dp;
Pr < & < Ps

0< )
dy. —dy  dys

Proposition (3)) implies the following comparison of the three equal-relief subsidies.

Corollary 3 (Equal relief with vertical supply). Suppose a vertical supply function. Suppose the
strictly positive subsidies t, s, and r offer equal relief to consumers according to (14]). Then,

ps > i >pr > P,

and

so that none of the subsidies is preferred from an equal-relief perspective.

According to Corollary 3} if supply is vertical, the subsidy only increases prices, and the ad
valorem subsidy has the strongest price-increasing effect.

4.3 Cost Effectiveness

How do the different subsidies compare in terms of cost effectiveness in expanding output?
We obtain the following equivalence result under perfect competition, showing that the three
subsidies are, in a perfectly competitive market, equally cost effective.

Proposition 4 (Cost effectiveness under perfect competition). Suppose strictly positive subsidies
(t,s,r) € ©F so that all subsidies implement the same equilibrium (p,, x%). Then, all three subsidies
are equally cost effective with ¢} = pk — u/(z}) forall o € X.

The intuition is as follows. Fix some x > z*. This constitutes an equilibrium if the induced
inverse demand equals supply at this point. The per-unit subsidies are then given by the differ-
ence between the equilibrium price and the consumer price at this quantity. Thus, to implement

z, the subsidies per unit are all the same (see Figure 2| for an illustration).

4.4 Summary

Altogether, under perfect competition, all types of subsidies are equally cost effective in achiev-
ing a desired output level of a target good. The cost-effectiveness criterion, therefore, does not
allow for discriminating among the considered subsidies; this is different from an equal-relief
perspective, where (in the most relevant case ii) we find that the ad valorem subsidy unfolds
both the largest price-raising effect and the strongest output expansion effect. Thus, there is a
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Py (%)

P (x)

ps (x)
pP(x)

p — . _ -
0 X* Xt =Xg =Xy X

Figure 2: The cost-effectiveness criterion under perfect competition for linear demand

Notes: The subsidies are designed so that they all achieve the same target quantity x; =
x% = . As a consequence, in this point the inverse demand functions must intersect the
inverse supply function. Thus, market prices and also subsidies per unit are the same.

case for using the ad valorem subsidy when the government applies the equal relief criterion
and seeks to get the largest possible output effect from its subsidy policy. Notably, the different
output effects of the subsidies under the equal-relief assumption cannot be detected from ex-
amining marginal changes of the subsidies in a small neighbourhood of the pre-subsidy market
equilibrium, but only for discrete changes of the subsidiesF_UI

Still, there remain some reservations about the ad valorem subsidy due to its implied fiscal
costs, which could be entirely pocketed by suppliers when supply is inelastic, leaving consumers

without any relief and resulting in no output expansion at all.

5 Monopoly

We first present the benchmark model with no subsidy in place (Section[5.T)), before we present
the comparison of the subsidies under the equal-relief assumption (which includes the pass-
through analysis) in Section[5.2]and under the cost effectiveness criterion in Section 5.3}

5.1 Benchmark Monopoly Model

In the benchmark case without a subsidy in place, the monopolist maximizes (21]) subject to
p = pP(z). In the following, we assume that i) marginal costs are constant with C’(z) = ¢ > OE

The quantity effects and the pass-through rates of the prices are all the same at t = s = r = 0 (see Proposition

@).
"'This assumption allows us to focus on the price-raising effects of monopoly power relative to the perfect com-
petition benchmark, where the market price is never affected by any of the considered subsidies. Note also that we

16



and ii) marginal revenue, MR(z) := pP(x) + %x, is strictly downward sloping; that is,

0@ | (@)

o 92 z < 0forallz > 0.

We define the inverse demand curvature, p, by

?pP(z) =
- Pl = (25)
ox
Then, marginal revenue is strictly downward sloping if and only if
D
apaf) 2-p) <0ep<2 (26)

that is, the inverse demand curve must not be too convex. The monopolist’s problem is thus
given by
_ (D
max7 = (p”(z) — ¢) z, (27)

x

and the optimal monopoly solution (p™, M) follows from the first-order condition

onr opP (z )
e :pD(a:)Jr pai )JJ*C:O,WlthpM = pD(xM). (28)

The second-order condition holds because marginal revenue is strictly downward sloping and

marginal costs are non-decreasing.

5.2 Equal Relief and Pass-Through Analysis

With a subsidy o € X in place, the monopoly solution (p, ) fulfills

M = argmax 7w, == (p?(x) —¢)z and pM = pP (M), (29)
x

so that the monopoly price, that is pX, follows from evaluating the respective induced inverse
demand function (see ([T1))-(T3)) at the monopoly quantity, 2/ (which gives p}! = pD(z21)).
The consumer price under subsidy o follows from the original inverse demand (2)) evaluated
at the monopoly quantity =/, which gives p” (z1).

We first analyze the comparative statics of the quantities, the consumer prices, and the
monopoly prices under the three subsidies. As before, we consider marginal changes of the

normalized subsidies ~,. We get the following results.

Proposition 5 (Pass-through in a monopoly). Suppose 0 = (t,s,r) € ©M. A marginal change of
the normalized subsidy ~,, with o € ¥, affects the monopoly solution (p} , M) and the consumer price

pP (xM) as follows:

exclude ¢ = 0 because in this case an ad valorem subsidy could not affect the monopoly solution.
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i) The quantity effects are

dzM L 1
dv 31’%(;{”)(2_@’
daM _ < 1
dys — pif ol o )
and
dxM __p-c 1
B o BN G

and their ordering is

T

drys dye dyr

0< dxM < dxM < dxM

i) The pass-through rates of the consumer price are

D(..M D(,.M M
WPa) _ oy
Vo Ox Vo

and their ordering is
dpP () _ dpP(xph) _ dp(ay’)

S

< 0.
dyy dyy drys

iit) The pass-through rates of the market price are

dpM 1
@y _ L

dye 2—p
dps' 1 (e 1
dys 1—s M2 —p)’
dpM 1 ( p—c 1 >

- 1-—— ,
dy 1+ p—p2—p

dpM  dpM  dpM
pr < pt < ps
d’)/r d7t d'YS

9

and their ordering is

7

p dptt > <
with e z0<:>,0;1.

Notably, part iii) of Proposition (J]) highlights the fact that overshifting can occur for inverse

demand curvatures of p < 1 under the r-subsidy but not under the other two subsidies. We next

turn to the comparison of the three subsidies under the equal-relief assumption. Using (7)),
(18), and ([19)), Proposition ([5]) implies the following comparison of the three subsidies.

Corollary 4 (Equal relief in a monopoly). Suppose the strictly positive subsidies t, s, and r offer equal

relief to consumers according to (14)). Then,
M M M M
Py > by > Y2 >p,
aM > M > M s M,
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and
M > pP @My > pP(aM) > pP (),

so that the r-subsidy leads to the largest output effect and thus is preferred from an equal-relief perspective.

The preceding results show that the s-subsidy has especially unattractive consequences: it
pushes the market price up more than any other subsidy while expanding output by less. These
effects are illustrated in Figure 3| which shows how demand, then marginal revenue and then
also the equilibrium shifts under the difference subsidies.

Py (x)
pe (x)
P2 (x)

p° (x)

>

X

0 xM xM

Figure 3: Equal-relief subsidies under monopoly for linear demand

Notes: The subsidies are set up in such a way that, for a fixed price, they provide equal
relief—that is, the consumer pays the same fraction of the market price in all three cases.
Consequently, the shifted demand curves all pass through the same point, which lies
on a horizontal line through p*. The t-subsidy results in a parallel upward shift of the
original demand curve (blue line). The s-subsidy rotates the demand curve clockwise
(red line), while the r-subsidy rotates it counterclockwise (green line). The intersections
of the respective marginal revenue curves MR,, MR,, and MR, with the marginal cost
curve give the equilibria under each type of subsidy. All subsidies lead to an increase
in the monopoly price and quantity, with the s-subsidy causing the largest price and
smallest quantity increase and the r-subsidy causing the smallest price and the largest
quantity increase.

5.3 Cost Effectiveness

A cost-effectiveness comparison shows that the r-subsidy is the most efficient, followed by the
t-subsidy, with the s-subsidy being the least cost effective.
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Proposition 6 (Cost effectiveness in a monopoly). Suppose strictly positive subsidies (t, s,r) € OM,
so that all subsidies implement the same monopoly quantity . Then, the monopoly solution (p , M)
satisfies

0< oM <o}t <o,

with oM = %qﬁ{w and oM = L i‘u ®M; ie., the r-subsidy is more cost effective than the t-subsidy,

which in turn is more cost effective than the s-subsidy.

The intuition for this result follows directly from the quantity effects of the subsidies (see
part i) of Proposition 5). For any quantity = > 2, a marginal change of the normalized values
of the subsidies leads to the largest output effect under the r-subsidy, implying that a certain
target output level can be achieved with the lowest fiscal costs under the r-subsidy (see Figure
for an illustration).

p A

py (%)

pe (%)

MR, ()

MR (x)\\:‘\\:)‘MRS x)

M M
0 t

Figure 4: The cost-effectiveness criterion under monopoly for linear demand

Notes: The subsidies are designed such that all subsidies achieve the same quantity:
M M

oM = M = zM. At this quantity, each subsidy’s marginal revenue curve must in-
tersect the marginal cost curve. Given linear demand functions, the marginal revenue
curves have twice the slope of the corresponding demand curves. Consequently, all de-
mand curves must intersect the marginal cost curve at the same point to the right of the
intersection point of the marginal revenue curves. The ranking of market prices for the
different subsidies is then determined by the size of the wedge between the market price
and the consumer price, which decreases in quantity for the s-subsidy, increases for the
r-subsidy and stays constant for the ¢-subsidy. The higher the market price the less cost

effective the subsidy.
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54 Summary

We have shown that the core result from the previous section—that the ad valorem subsidy has
a particularly strong upward pressure on market price under perfect competition—also holds
if the supplier has market power. Here, this does not go along with a particularly high output
expansion, though. Instead, the monopoly case highlights the attractiveness of the inversely
related subsidy, which mirrors existing results of the taxation literature on the relative merits
of an ad valorem tax. The inversely related subsidy implies that the wedge between the sup-
ply and the consumer price steadily grows as the subsidy per unit increases along the inverse
demand curve. This feature tends to constrain the monopolist’s margin, which in turn implies
the strongest output expansion from an equal-relief perspective. Consequently, our monopoly
analysis of the subsidies uncovers a strong case for the inversely related subsidy, suggesting that
policymakers should consider this subsidy much more often than they have done so far.

6 Conclusion

In this paper, we provide a comprehensive analysis of subsidy-based market interventions and
their price and quantity effects. While we have assumed that the subsidy is directly paid to the
consumer, the analysis remains essentially unchanged when the subsidy is paid to the supplier.
In that case, the resulting market prices coincide exactly with our consumer price results.

In line with the well-known welfare superiority of ad valorem taxation under monopolistic
supply conditions (see, e.g.,Auerbach and Hines| 2002 for an overview article or, e.g., [Fischer
et al., 2024 for a recent empirical support), our analysis shows from different angles that ad
valorem subsidies tend to have particularly strong price-increasing effects. Still, when supply
is perfectly competitive, then the price-raising effect of an ad valorem subsidy also induces the
largest output expansion under the equal-relief criterion; thus, creating a case for using the ad
valorem subsidy when the policy goal is to achieve a maximal adoption level of the target good.

In contrast to the ad valorem subsidy, the inversely related subsidy exhibits particularly de-
sirable properties independent of the market structure, from a cost-effectiveness perspective. It,
therefore, enables an expansion of the output of the target good at relatively low fiscal cost. Our
positive results on the inversely related subsidy can be deducted from existing results concern-
ing the combination of a unit subsidy and an ad valorem tax, but the inversely related subsidy
offers a new way of implementing such a combination.

Overall, the ad valorem subsidy has the strongest price-increasing effect, while the inversely
related subsidy has the strongest price-dampening effect. Taking an equal-relief approach, the
market structure then becomes critical for the subsidies” quantity effects. The price-increasing
effect of the ad valorem subsidy leads to the highest output expansion under perfect competi-
tion. In contrast, it is the inversely related subsidy that induces the strongest output expansion
under conditions of monopoly power.

Whether these theoretical results hold in practice remains an empirical question. A poten-
tial downside of the inversely related subsidy is that it may facilitate collusion if the reference
price serves as a focal point for coordination. While such focal point collusion has been exper-
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imentally documented in other contexts (e.g., [Hunold and Werner, [forthcoming)), we have no
empirical evidence supporting this concern.

In practice, ad valorem subsidies that—according to our analysis tend to drive up prices—
are quite common—not only to support specific target goods but also, for example, when the
federal government provides funds to municipalities to facilitate structural change (Bundesmin-
isterium fiir Wirtschaft und Klimaschutz, 2024)). Such subsidies could help to overcome moral
hazard on the recipient’s side—recipients retain a direct stake in their decisions—but could
yield the unintended consequence that suppliers raise their prices in response.

One further current example of an ad valorem subsidy being considered in a competitive
market—where, according to our analysis, such subsidies have strong output-expanding effects—
concerns the electricity market, with firms rather than households as recipients. In Germany,
the so-called "industry electricity price" is under discussiorEL whereby firms would receive a
subsidy covering half the wholesale electricity price for half of their consumption. This effec-
tively amounts to a price subsidy of one quarter. Our analysis shows that, from an equal-relief
perspective, this approach is particularly well-suited to counteracting deindustrialization—a
major concern in Germany amid soaring energy prices—as it produces the largest output effect
in competitive markets like electricity.

Ad valorem subsidies have also been implemented in variants not covered in this paper. One
such variant includes a cap on the subsidized price. In this case, the subsidy functions as an
ad valorem subsidy up to the threshold price, beyond which it effectively becomes a per-unit
subsidy. Three types of equilibria can then arise: First, if the equilibrium market price is strictly
below the cap, the subsidy operates as a pure ad valorem subsidy, and our corresponding anal-
ysis applies. Second, if the equilibrium price is strictly above the cap, the subsidy is equivalent
to a per-unit subsidy, to which our earlier analysis also applies. Third, a boundary case may
occur in which the equilibrium price is exactly at the cap. This outcome, which is anecdotally

quite common, may stem from behavioral factors. This question is left for future research.

Appendix

Here we provide the missing proofs.

Proof of Propositions 1 and 2 (Pass-through rates under perfect competition with horizontal
and normal supply). We first derive the pass-through results for each subsidy separately and
then turn to the comparison of those results as stated in the two propositions.
Case 1 (t-subsidy). Assume a t-subsidy with ¢ > 0. The equilibrium quantity x} fulfills the
equilibrium condition

pP(af) +t - C'(af) = 0, (30)

where p” (x}) is the consumer price and pj = p”(x}) + t is the market price suppliers receive.

Equation (30]) defines the implicit function x} = z}(t). Using the implicit function theorem, we

2Gee https://www.handelsblatt.com/politik/deutschland/bericht-konzept-fuer-
industriestrompreis-bringt-vier-milliarden-euro-entlastung/100139718.html,
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get
dz} 1
dt ~ 9P(z}) C”(@k) > 0.

ox -

In case of the t-subsidy a marginal change of the value of ¢ is equal to a marginal change of the
normalized subsidy +;; i.e., we have dt = dv;. The quantity effect and the pass-through rates of

the consumer price and the market price induced by a marginal change d~,, are the given by

dxy dz} 1

i = _ 0, 31

dry dt % _ C”(xz‘) > ( )
dpP(zi) _ OpP(af)dxp _ OpP(af) 1 € [-1.0) (32)

dry ox dt ox 619[(;3(53? ) _ Cr( x;“) T
* D * 6pD(z:)
e _ oy W (xt):1—aD( — e [0,1). (33)
dy dt paxxt —C”(:EZ)

Case 2 (s-subsidy). Assume an s-subsidy with s € [0, 1). The equilibrium quantity z} fulfills the

equilibrium condition

D, .%
p- () 1%
_ = 4
1 — s C (xs) 0/ (3 )
where p” (27) is the consumer price and p} = %ﬂf‘) is the market price suppliers receive. Equa-

tion defines the implicit function z} = z}(s). Applying the implicit function theorem, we

get
doy _ pP(a) 1 o
ds 1—s P 1 1 (o ’
— T — (L= 8)C7 ()

=p3
In this case, a marginal change of the value of s induces a marginal change of the normalized
subsidy v, by dys = pids. The quantity effect and the pass-through rates of the consumer price
and the market price induced by a marginal change of the normalized subsidy, dv,, are then

given by
dz? 1 dz? 1
e >0, (35)
d’}/s ps dS pai‘rs) _ (1 _ S)C”(.’L‘:)
d D, .* 1d D (,.x 8PD(I:)
ds py ds W) (1 5)On(a)
dp;y _ Lldp; 1 (pP(x3) 1 9pP(a}) day
dys  prds pi\(1—-s)?2 1—s Oz ds
1 8101(;(5”:)
= 1- . = > 0. (37)
1—s 3pDagL"s) — (1= 8)C"(z%)

Case 3 (r-subsidy). Assume an r-subsidy with r € [0, 1). The equilibrium quantity z; fulfills the
equilibrium condition
D (. .x =
p (xr)+pr_ 1ooEy
T C'(zy) =0, (38)
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D * —
where pP(z}) is the consumer price and p = % is the market price suppliers receive.

Equation defines the implicit function z; = z7(r). Applying the implicit function theorem,

we get
day _ p—pP(ay) 1 0
dr 147 % — (1 +7r)C"(z*)
=p—pr

In this case, a marginal change of the value of r induces a marginal change of the normalized
subsidy ~, by dv, = (p — p;)dr. The quantity effect and the pass-through rates of the consumer
price and the market price induced by a marginal change of the normalized subsidy, d,, are

the given by
dx 1 dz=* 1
- = C= - n >0, 39
D Popdr B (140 y) )
D (..*
dp” (a 1 dpP(a op" (x7)
d( ) _ —— d( ) _ e 5 <0, and (40)
" popo A SR - 1)
b _ L PG 1 (P P
dyy p—pr Or p—pr (1+7)2 L+
1 %
= 1 - - €[0,1). 41
T\ B G o) <Y o

Comparison of results. Note first that the subsidies” quantity effects and their consumer price and
market price pass-through rates are all equal for t = s = r = 0; i.e,, if 2}, = 2* holds for all
o € X. If, to the contrary zf = z} = x} > z* holds (which requires ¢,7,s > 0 to holds as
well), we have to distinguish between the horizontal supply (Proposition 1) and the normal
supply (Proposition 2) cases. In the former case, industry marginal costs are constant, so that
C"(z) = 0 holds for all z > 0. Using this, we get that the subsidies’ quantity effects ), ,
and are all the same as stated in part i) of Proposition 1. The subsidies’ consumer price
pass-through rates , , and are also all the same with value —1. It then follows that
the market price pass-through rates (33)), (37), and must be all zero.

In case of a normal supply, C”(z) > 0 holds for all z. The subsidies” quantity effects, %,
are given by (31)), (35), and and their ordering as stated in part i) of Proposition 2 follows
from r,5,t > 0. The subsidies’ consumer price pass-through rates (see (32), (36), and (40)))
fulfill % dDW(f‘*’ ) — % ;(f; ) % so that their ordering —as stated in part ii) of Proposition 2—
follows directly from the ordering of the quantity effects. The pass-through rates of the market
prices are given by (83)), (37)), and (1)), and their ordering as stated in part iii) of Proposition 2
follows from r, s, ¢ > 0. Finally, the pass-through rates of the market prices under the ¢- and the

r-subsidy can never be larger than 1, whereas the pass-through of the market price under the
s-subsidy could be larger than one. O

Proof of Proposition 3 (Pass-through under perfect competition with vertical supply). Sup-
pose the supply quantity is fixed at z* > 0 for all p. The demand function z(p) follows from ()).
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In benchmark case without a subsidy, the market equilibrium condition can be written as

which gives the equilibrium market price p*. As the supply quantity is fixed at 2*, the subsidies’
quantity effects must all be zero. For each subsidy, we next analyze the pass-through rates of
the prices and then compare them.
Case 1 (t-subsidy). For t > 0, the equilibrium market price p; follows from the market clearing
condition

z(py —1) —x" =0, (42)

—
=Pt

where p; = p; — t is the consumer price under the ¢t-subsidy. Equation defines the implicit
function pj (t). Applying the implicit function theorem to (42)), we get the pass-through rate of

the market price
dpy _ dpi
d’}/t dt

which implies a pass-through rate of the consumer price, p;, of

=1,

p:

= 0.
dy

Case 2 (s-subsidy). For s € [0, 1), the equilibrium market price p} follows from the market clear-
ing condition

z(ps(1 —s)) —a" =0, (43)

N——
=Ps

where p; = pi(1 — s) is the consumer price under the s-subsidy. Equation defines the
implicit function p}(s). Applying the implicit function theorem to (43)), we get the pass-through
rate of the market price

dpt  ldpt 1 —gpi 1
dvs  pi ds piGE(—s) 1=

which implies a pass-through rate of the consumer price, p;, of

~ ~ oz, *
dp 1 dp 1 (dp: . 1 Y4 .
= s:*< (=) -ps) = — | g (-8 —pi | =0.
dvs prds p:\ds i 8—p(1 —5)

Case 2 (r-subsidy). For r € [0, 1), the equilibrium market price p; follows from the market clear-
ing condition
z(pr — (P —py)r) —a" =0, (44)
=pr
where p, = p; — (p — p})r is the consumer price under the r-subsidy. Equation defines the
implicit function p;(r). Applying the implicit function theorem to (44)), we get the pass-through

25



rate of the market price

dpp 1 dpr 1 —HFB-p) 1
dy.  p—pidr p—pr SE(l4r) 147

which implies a pass-through rate of the consumer price, p,., of

dp, 1 dp, 1 dr
D _ _ (u+r> @p»)za

dy  p—pidr Dp-—pi dr

The ordering of the subsidies” pass-through rates of the market prices—as stated in part iii) of

the proposition—follows from 7, s, ¢ > 0. [l

Proof of Proposition 4 (Cost Effectiveness Under Perfect Competition). The values of ¢, s,
and r which implement the same allocation (p};, z}) follow from the equilibrium conditions
from which we get the following relations

w(eg) _ wl@g) +pr _

/ * o * *
t = = C — .
We then get
* / * * !/ *
b= (), 5 = P ) apg - P U]
Pos P~ Ds
and substituting this into (20]), we get the result stated in the proposition. O

Proof of Proposition 5 (Pass-through in a monopoly). We first derive the pass-through results
for each subsidy separately and then turn to the comparison of those results as stated in the
proposition.

Case 1 (t-subsidy). Assume a t-subsidy with ¢ > 0. The monopolist solves

max7 = (pP(x) +t — ¢z,
x N, s’

=p}! (z)

where pM (x) = pP(x) + t is the monopoly price under the t-subsidy as a function of z. The
optimal monopoly quantity =}/ fulfills the first-order condition

or D apP (x)
e —c= 4
5 P (x) + o r+t—c=0, (45)
which defines the implicit function ¥ = 2 (t). Using the implicit function theorem, we get
dz}! 1
& = "= >0
aa;t (2 - P)

In case of the t-subsidy, a marginal change of the value of ¢ is equal to a marginal change of the
normalized subsidy v;; i.e., we have dt = d~;. The quantity effect and the pass-through rates of
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the consumer price and the market price induced by a marginal change d;, are then given by

d;jtvf _ dfz;M _ ap()l(2 >0, (46)
i p)
) _ A Lo and 47)
‘ij - 1+apa(x )d;;tzl—zip,wuh 5;%0@;)%1. (48)
Thus, there is overshifting under the ¢-subsidy with dp ~- <0ifp>1.

Case 2 (s-subsidy). Assume an s-subsidy with s € [0, 1). The monopolist solves

D
maxm = (p (@) _ o)z,
x 1—s
——
=pd’(z)

where p} (z) = 2= (x) is the monopoly price under the s-subsidy as a function of z. The optimal

monopoly quantity a:é” fulfills the first-order condition

on_ 1 <pp(x)+3pD($>x> —e=0, (49)

or 1-—s ox

which defines the implicit function z}/(s). Applying the implicit function theorem and using
the first-order condition (49)), we get

dzM B c >0
=-5 )
ds Pa( )(2—p)

In this case, a marginal change of the value of s induces a marginal change of the normalized
subsidy s by dv, = p} ds. The quantity effect and the pass-through rates of the consumer price
and the market price induced by a marginal change of the normalized subsidy, dv;, are then

given by
dxs = ;s :_LMWM)’ 50)
s P @8 B T (2-0)
<1

doP (eM 1 dpP (M 1

dp”(z5") _ 7M:_07<0,and (51)
drys pé\/l ds pS 2=p
dyf _ Ldnt L (pPEd) 1 opPlad) daf
dvs — plds pf\(1—s) 1-s Ox ds

1 c 1
- 1—s<1‘pyz—p>' (52)
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Case 3 (r-subsidy). Assume an r-subsidy with r € [0, 1). The monopolist solves

D —
maxr = (L P
x 1+7r
N———
=p! (x)
where pM (z) = L " (1’2;”5’" is the monopoly price under the r-subsidy as a function of z. The
optimal monopoly quantity z fulfills the first-order condition
or 1 D opP (x) _ B
81‘_1+T<p (x) + 5 x+pr|—c=0. (53)

Equation ( . defines the implicit function z = 2 (r). Applying the implicit function theo-
rem and using the first-order condition (49)), we get

dmf.w_ p—c
— T 9pD(zM
dr pa(;y )(2

> 0.

—p)

In this case, a marginal change of the value of r induces a marginal change of the normalized
subsidy ~, by dy, = (p— pM)dr. The quantity effect and the pass-through rates of the consumer
price and the market price induced by a marginal change of the normalized subsidy, dv;, are

then given by
dzM 1 dzM p— 1
Tr — Lr :_7p ¢ 5 >0, (54)
d, p—pM dr p—p 20E) (9 )
————
>1
dp? (z} 1 dpP(aM p—c 1
po(@) _dp (z;") _P—c < 0,and (55)
dyy p—p; dr p—pM2—p
dpy! 0 dpt 1 pPapl g 1 (0pPt)
dy.  p—pM dr p—pM (1+7)2 1+7r oz P
1 p—c 1
= 1— 56
1+T< p—pM 2—p> (56)

Comparison of results. The normalized subsidies” quantity effects, %, are given by , ,
and (54)) and their ordering as stated in part i) of the proposition follows from r, s, ¢ > 0 and the

fact that pM <land To pM > 1 must hold as well. The subsidies” consumer price pass-through

rates (see @), , and ') fulfill %2 dé}l) o aé )‘? so that their ordering—as stated
in part ii) of Proposition 5—follows directly from the ordermg of quantlty effects. The pass-

M
through rates of the market prices, Zp o are given by ', and (54)) and the ordering—as
stated in part iii) of Proposition 5 follows from r, s,t > 0 and the fact that M <1 and M > 1

must hold as well. O

Proof of Proposition |6 (Cost effectiveness under monopoly).
Suppose a triple of subsidies # > (0, 0,0) so that the equilibrium outputs are all the same

with M = 2™ = zM > 2M . PFor the per-unit subsidy, the value of t—and hence, the value of
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M —follows from the first-order condition (5)); this gives

D (.M
ot == (0t + It ). (57)
Ox
Under the ad valorem subsidy, the value of s follows from the first-order condition (49)) and is
given by
_ L/ p m apD(SUﬁW ) M
5= C<p (o) + AT i) (58)

In this case, the per-unit subsidy is ¢}/ = pMs (see (20))) and substituting (58), the per-unit
subsidy is then given by

Py = o <pD(xM) + M%‘M - c> : (59)

S ax S

Under the inversely-related subsidy, the value of r follows from the first-order condition (53))

and is given by

p—c
In this case, the per-unit subsidy is ¢ = (p—pM)r (see (20))) and substituting (60]), the per-unit
subsidy is then given by

D ZL’M
o (pD(xy) N 3198(;):554 _ C) - (60)

qbiw _ _pp__pf <pD(ﬂ£‘M) + apD(xf"\/I)xM _ C> . (61)

T 6$ T

Substituting into (59)) and (1)), we get

M_ Dy v M P .
10) ¢;" and ¢, = *770@ , respectively,

s ey
&
~~ ~—
>1 <1
so that the ordering ¢ > ¢M > ¢M follows from noticing that pM > ¢ and pM > ¢ must

obviously hold in the respective monopoly solutions. O
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