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Abstract: We investigate and compare the impact of the tax reduction policies implemented in the
U.S. and China to stimulate consumer purchase of new automobiles and improve manufacturers’
profits. The U.S. policy provides each qualifying consumer with a federal income tax deduction
on state and local sales and excise taxes paid on the purchase price (up to a cutoff level), whereas
the Chinese policy reduces the vehicle sales tax rate for consumers. We observe that these policy
designs are consistent with the tax management system and the economic environment in the
respective country. We analytically determine the effects of the two tax reduction policies on the
automobile sales and the manufacturer’s and the retailer’s profits. Numerical examples are then
used to provide insights on the importance of certain factors that influence the effects of the two
policies. Finally, a numerical experiment with sensitivity analysis based on real data is conducted
to compare the merits and characteristics of the two policies under comparable conditions. We
find that the U.S. policy is better than the Chinese policy in stimulating the sales of high-end
automobiles, whereas the Chinese policy is better than the U.S. policy in improving the sales
of low-end automobiles. The U.S. policy is slightly more effective in increasing the profitability
of the automobile supply chain; but, in general, the Chinese policy is more cost effective. The
methodology developed herein can be used to evaluate other tax reduction policies such as those
related to the purchase of energy-saving vehicles and to serve as a decision model to guide the

choice of alternative tax reduction policies.

Keywords: Accounting-operations interface; tax reduction policy; supply chain management.

1 Introduction

An automobile industry crisis arose as a result of the recent world-wide financial storm. As an
important part of the global economic recession, the crisis first hit American automobile manu-
facturers in 2008, and then affected European and Asian automobile industries. Many countries
had responded to such a crisis by executing stimulus plans to help their automobile industries.
A tax reduction policy is a common plan, under which each consumer buying a new qualifying
automobile can enjoy a reduction in his or her tax payment.

As two important economies that implemented an automobile tax reduction policy, the U.S. and

China have successfully stimulated consumers’ purchases of new automobiles. The U.S. government
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proposed an economic stimulus package containing an “Auto Assistance Ownership” amendment,
which became effective on February 17, 2009. The amendment stipulates that a consumer will
qualify for a special tax reduction if his or her taxable family income is no more than $260,000 (for
joint filers), or if his or her individual taxable income is no more than $135,000 (for single filers).
Each qualifying consumer can enjoy a federal income tax deduction on state and local sales and
excise taxes paid on the purchase price (up to $49,500) of an eligible vehicle that weighs no more
than 8,500 pounds. In January 2009, the Chinese government reduced the vehicle sales tax rate
from 10% to 5% for consumers who bought fuel-efficient vehicles with a displacement of 1.6 liters
or less. Under the Chinese tax reduction policy, a consumer who purchased a qualifying vehicle
in 2009 paid a sales tax of only 5% of the retail price. China decided to extend this policy until
December 31, 2010 because of its significantly positive impact, but the tax rate was reduced from
the original 10% to 7.5% (instead of 5%). For more information, see reports by Chang [6], Hong
Kong Trade Development Council [19], Liu [24], the State Administration of Taxation of China
[30], and Vietnamnet.vn [32].

Since the tax reduction policy had been playing an important role in stimulating consumers’
automobile purchases, it behooves us to rigorously analyze the impact of such a policy on the
automobile industry, and investigate the design of an effective tax policy for public policy makers.
The two tax reduction policies in our paper were implemented to help the automobile industry and
prevent unemployment in the industry from worsening during the economic recession. Increases
in both the sales and the profits are necessary for the survival of the manufacturers. Thus, the
effectiveness of the policy in improving the sales and the profit are the policy makers’ major
concerns. Indeed, we provide empirical evidence from major automobile manufacturers in the U.S.
and China, which indicates that their sales and profits are highly and positively correlated in both
countries.

We note that the U.S. policy stipulates a cutoff level ($49,500), whereas the Chinese policy does
not have any cutoff level but directly reduces the sales tax rate. Hence, the U.S. tax reduction
policy may be regarded as a threshold-based one with the tax reduction limited by the cutoff level
on the purchase price; the Chinese policy is a percentage-based one with a reduction on the sales
tax rate. Motivated by these differences, we consider the following issues:

1. How effective will the U.S. vs. the Chinese tax reduction policies be in enticing more con-
sumers to buy new automobiles? We will analytically determine the increase in sales volume
under each policy. Although there are statistics based on empirical data for the increase of
sales, it is still meaningful to provide an analytical methodology to determine the relationship
between the tax policy and the increase in sales, and to identify the factors that may affect
this relationship. Such a methodology can also be used to evaluate similar tax reduction
policies such as those for the purchase of energy-saving vehicles. We will also analytically
investigate whether these policies will increase the average retail price of automobiles.

2. How effective will the U.S. and the Chinese tax reduction policies be in improving the profit
of the automobile supply chain? A policy is considered worthwhile if it is cost effective, i.e.,
the after-tax profit increase in the automobile supply chain is no less than the government’s
“cost” (i.e., reduced tax revenue). We will analytically derive the formulas that can be used
to determine the cost effectiveness of the two policies. Moreover, the U.S. public policy

makers need to determine a proper cutoff level (which is currently $49,500) for their policy,



and their Chinese counterparts need to choose a proper tax reduction percentage (which was
50% in 2009, but became 25% in 2010). Each must make a decision that can achieve its
targets. Accordingly, for each policy, we provide a methodology to determine the feasible
targets (i.e., the additional sales and the additional system-wide profit that can be achieved
due to the tax reduction policy) while ensuring that the policy will be cost effective. For
a given cutoff level or reduction percentage, we will also identify the government’s budget
corresponding to the feasible targets.

3. Since the U.S. and China implement their policies in different ways, we will conduct an
experiment to compare their merits and perform a real data-based sensitivity analysis to
enrich the comparison.

To investigate the above issues, we first consider a two-level automobile supply chain in which

a manufacturer sells both a high-end and a low-end qualifying automobiles to a retailer, who then
serves the respective market segment of each automobile in a market of a finite size. Hereafter,
we shall refer to the high-end automobile and the low-end one as the Type-H and the Type-L
automobiles, respectively.

For each tax reduction policy, we begin by deriving the retail price for the consumer of each
automobile type, which results from the negotiation between the consumer and the retailer. Next,
we determine the impact of the policy on the sales and profitability of the automobile supply
chain. We then examine the cost effectiveness of the policy, which is measured by the profit-cost
ratio, defined as the profit increase divided by the government’s tax expenditure. Accordingly,
we derive the sufficient condition for the U.S. policy to be cost effective and the necessary and
sufficient condition for the Chinese policy to be cost effective. To provide more insights for public
policy makers when choosing an appropriate tax reduction policy during an economic recession,
we further compare the two policies. First, we discuss their differences in institutional background.
We then perform a sensitivity analysis based on real data to compare their impacts on the expected
sales and supply chain-wide profits, and also compare the cost effectiveness (i.e., the profit-cost
ratio) of the two policies. We also consider the case with consumers’ choices between two types
of automobiles and the case with a strategic manufacturer, which are viewed as two extensions to
our base model.

We find that the U.S. policy is better in stimulating the sales of the Type-H automobile, whereas
the Chinese policy is better in improving the sales of the Type-L automobile. Moreover, the U.S.
policy is slightly more effective in increasing the profitability of the automobile supply chain; but,
in general, the Chinese policy is more cost effective.

The remainder of the paper is organized as follows: In Section 2, we review relevant literature.
In Sections 3 and 4, we discuss the impact of the U.S. and the Chinese policies on the sales and
profitability of the automobile supply chain, and investigate the cost effectiveness of each policy.
In Section 5, we compare the two policies, and perform a numerical experiment to supplement our
comparison. In Section 6, we consider two extensions. We conclude in Section 7. All tables, proofs,
as well as numerical examples and results are relegated to online appendices. We also provide a
summary of important model assumptions and parameter values with their justifications in online
Appendix A.



2 Literature Review

In the economics literature, most of the tax policy-related publications adopted various empirical
approaches to examine the impact of tax policies on the sales of automobiles. A few empirical
studies in the environmental economics field analyzed the impact of a tax policy on the sales of
hybrid vehicles. Their empirical evidences largely support the analytical results derived in our
paper. For example, Gallagher and Muehlegger [16] provided empirical evidences that the state
sales tax waivers in the United States are associated with more than a ten-fold increase in hybrid
vehicle sales relative to income tax credits. Diamond [12] also found that government incentives
which provide payments upfront appear to be the most effective in promoting the adoption of
hybrid-electric vehicles in the United States. Chandra et al. [5] estimated the effect of tax rebates
offered by Canadian provinces on the sales of hybrid electric vehicles, and found that those rebates
had led to a huge increase in the market share of hybrid vehicles—that is, 26% of the hybrid
vehicles sold during the program period were attributed to the rebates.

It has been well established in the literature that the merit of a tax policy should be evaluated
based on the cost-effectiveness of the policy. For example, Fullerton and Gan [15] provided an
in-depth analysis on the cost-effectiveness of alternative government policies to reduce vehicle
emission. Those policies include a higher tax on gasoline, a tax on distance, and a government
subsidy for buying a new car. Similarly, Jenn et al. [22] showed that the Energy Policy Act of
2005 in the U.S. had increased the sales of hybrid electric vehicles from 3% to 20% depending on
the vehicle model. They further found that the sales of hybrid vehicles increased by 0.0046% per
dollar of government incentive when the incentive was above $1,000.

Very few economics publications analytically studied tax policies for automobile sales. An ex-
ception is Chen et al. [7], who focused on a market with two manufacturers selling a homogenous
automobile, and numerically examined the impact of durability of the automobile on the effective-
ness of sales tax reduction in a dynamic model. Although their model and analysis was motivated
by the U.S. sales tax reduction policy, Chen et al. considered a percentage-based policy, which
is similar to the Chinese policy discussed in our paper. However, Chen et al. [7] assumed that
consumers are price takers, who pay a single price determined by the manufacturers. Thus, all
consumers receive an identical amount of sales tax reduction, which is independent of each con-
sumer’s income. Unlike the majority of relevant economics publications, we analytically examine
the impact of tax reduction policies. We distinguish our paper from Chen et al. [7] by analyzing
both the U.S. and the Chinese tax policies in a more realistic way, under which an automobile sup-
ply chain sells both a high-end automobile and a low-end one for a negotiated price. We provide
generalized analytical results and real data-based numerical experiments and sensitivity analysis.
In addition, we use the “generalized Nash bargaining (GNB) scheme” (Nash [26] and Roth [29])
to derive the negotiated retail price for each consumer, which enables us to examine the effect of
a retailer’s bargaining power on the cost-effectiveness of each policy.

Motivated by the U.S. federal and local governments’ subsidy programs for promoting electric
vehicles and solar panels, Cohen et al. [9] examined a government subsidy policy for green technol-
ogy adoption. Our paper differs from [9] in the following four aspects: (i) Cohen et al. considered
a fixed subsidy that is independent of the retail price, whereas in our model each consumer’s sales
tax reduction depends on both the retail price and the consumer’s income tax rate (under the

U.S. policy) or a percentage reduction in the sales tax rate (under the Chinese policy). (ii) In [9],



Cohen et al. assumed that the demand consists of a deterministic component and an additive or
multiplicative noise, and the industry sets a single retail price for all consumers. Different from
[9], we derive the negotiated retail prices that are different for heterogeneous consumers with util-
ities drawn from purchasing an automobile, and develop the demand function for the automobile
supply chain. Using such negotiated retail prices, we are able to examine the effect of the retailer’
bargaining power on the cost effectiveness of each policy. (iii) While Cohen et al. [9] considered
a single product, we consider both a high-end automobile and a low-end automobile. (iv) Cohen
et al. [9] focused on how the demand uncertainty affects a government’s policy design, the in-
dustry’s decisions of investment in green technology capacity and pricing under the policy, and
the consumer surplus. But, we compare the U.S. and the Chinese policies with a focus on their
effects on the automobile sales and the manufacturer’s and the retailer’s profits as well as their
cost effectiveness.

Therefore, we can conclude from the above review that our paper differs from previous literature

in both methodology and orientation.

3 Impact of the U.S. Automobile Tax Reduction Policy

We first analyze the effectiveness of the U.S. tax reduction policy in the automobile industry, under
which the reduced federal income tax amount for a consumer is calculated as the federal income tax
rate (that applies to the consumer) times the sales tax paid by the consumer based on the lower
value of the cutoff level ($49,500) and the consumer’s actual purchase (retail) price. Under the U.S.
policy, consumers with different taxable income levels will have different tax savings. The federal
income tax rate is higher for the consumer with a higher taxable income. To help filers estimate
their federal income tax payments, the U.S. Internal Revenue Service (IRS) provided the 2009 tax
rate schedules that indicate the approximate tax rates applicable to all levels of taxable income.
Note that only single filers with a 2009 taxable income no more than $135,000 and joint filers with
a 2009 taxable income no more than $260,000 qualify for the U.S. automobile tax reduction. The
U.S. tax rate schedule for these single or joint filers (who qualify for the U.S. tax reduction policy)
is summarized in Panel A of Table A, which is given in online Appendix B.

The U.S. policy consists of three components: the federal income tax rates, the sales tax rate,
and the cutoff level. The federal income tax rates apply to all residents in the United States. Even
though the state sales tax rate may vary with states, it is identical for all consumers who reside in
the same state. Certain U.S. counties and cities also levy sales tax. Our analysis can be generalized

to each sales tax jurisdiction, where the sales tax rate is identical for all consumers.

3.1 Impact of the U.S. Tax Reduction Policy on Each Type of Automobile

We assume that the manufacturer makes the Type-H and the Type-L automobiles at unit pro-
duction costs cy and cy, respectively, which are then sold by the retailer to consumers in each
automobile market segment. In practice, the retail price of an automobile is often negotiated by
the consumer and the retailer, which is common in the U.S. automobile market, as discussed by
Desai and Purohit [11]. In [8], Chen et al. performed an empirical study with transaction data on
individual consumer purchases of three popular automobiles in the United States, and found that
the means (standard deviations) of the negotiated prices for the three brands are $21, 200 ($2, 400),



$20,800 ($1,600), and $25,100 ($1,600). The empirical results in [8] indicate that the range in
which the negotiated retail price for an automobile could vary is not negligible, which implies that
both the retailer’s and the consumers’ roles in the automobile price negotiation cannot be ignored.
Thus, in our paper, the bargaining analysis for the retail price is necessary and important to the
practicality of our models and results.

Because the analyses for the retail price and sales of the two automobile types are similar, we
use a generic automobile to represent each type of automobile and omit the super- or sub-script
for the type in the case of no ambiguity. Thus, the unit production cost of the generic automobile

is denoted by c.

3.1.1 Negotiated Retail Price

The retail price p, should naturally be not smaller than the wholesale price w paid by the retailer
to the manufacturer. It is thus reasonable to assume that p, > w. The U.S. government should
determine the cutoff level A such that A > w because, otherwise, each consumer’s retail price
must be greater than the cutoff level, and no consumer can enjoy a tax cut on all of his or her
expense. This will discourage consumers from purchasing the qualifying automobiles under the
policy. In fact, the cutoff levelin the current U.S. policy is $49,500, which is significantly higher
than the retail prices and thus the wholesale prices of most qualifying automobiles. Note that the
generic automobile can represent any type of automobile with its specific unit production cost ¢
and wholesale price w. A low-end automobile is characterized by small values of ¢ and w, whereas
a high-end automobile is characterized by large values of ¢ and w.

The retailer sells the automobile to a market segment of a finite base B, which is defined as
the total number of potential consumers (single or joint filers) who are qualified for tax reduction.
We learn from Panel A of online Table A that, corresponding to each federal income tax rate,
the income bracket for the single filer differs from that for the joint filer. In fact, we only use a
consumer’s income tax rate rather than the specific income to calculate the tax reduction amount
for the consumer. To simplify our analysis, we only need the joint distribution of the federal income
tax rates for both the single and joint filers in the U.S. rather than two separate distributions for the
single and the joint filers. Hence, we assume that the income tax rate v of consumers in a market

segment is randomly distributed with the probability mass function (p.m.f.) Pr{y = ~;} = §;

(for i = 1,...,n 4+ 1). For the purpose of generality, we assume that there are n federal income
tax rates v; € [0,1) (¢ = 1,...,n) for eligible consumers, which are set such that 7; < ~;41, for
i=1,...,n— 1. Under the U.S. policy, n is equal to 5. If a consumer’s federal income tax rate is

i, then the reduced tax amount is computed as ; X t x min(A, p,), where ¢ denotes the sales tax
rate and ¢ € [0, 1]. The value of d,41 represents the proportion of consumers who are not eligible
for tax reduction (because their taxable incomes exceed the threshold); thus, we let 7,41 = 0 for
the purpose of calculating the amount of tax reduction, which is 0.

To derive the negotiated retail price, we begin by calculating a consumer’s net gain and the
retailer’s profit obtained from their transaction. We assume heterogeneity of consumers’ valuations
of an automobile. These valuations represent the after-tax prices that the consumers are willing
to pay for the automobile, and are characterized by a non-negative independent and identically

distributed (i.i.d.) random parameter § with the p.d.f. f(#) and the c.d.f. F'(#) on the interval [0, 6].

Breidert [3] discussed major approaches that can be used to estimate the probability distribution



of the parameter . It then follows that the consumer’s net gain, denoted by u(p,;#,7;), can be
computed as his or her valuation 6 minus the purchase-related expense (1 + t) X p, plus the tax
reduction ; X t X min(A, p,); that is, u(p,; 60,v;) = 0 — (1 +t) X pr + i X t x min(A, p,). From the
transaction with the consumer, the retailer obtains the sale revenue p,.. Since the retailer spends
the wholesale price w to purchase the automobile, the retailer’s after-tax profit is calculated as
mr(pr) = (1 = T)(pr — w), where T € [0, 1] denotes the corporate tax rate for a firm in the tax
jurisdiction.

The above utility model for consumers is called a “willingness-to-pay” model, which has been
widely used in the marketing and operations management areas to calculate consumers’ utilities
from purchasing a product when the consumers are heterogenous in their valuations for the product.
For the applications of such utility model in the analysis of the automobile market, see, e.g., Chen
et al. [8], Desai and Purohit [10], Desai and Purohit [11], Huang et al. [20], Iyer [21], and Purohit
[27].

We analyze the bargaining problem of the consumer and the retailer using the cooperative-
game solution concept of “generalized Nash bargaining (GNB) scheme.” For an application of the
concept in accounting, see Arya and Mittendorf [2] who study a transfer pricing-related problem.
To find the retail price for a consumer with the valuation 6 and income tax rate =y;, we solve the

following constrained maximization problem:

max,. A =[0— (1+t)p, +vitmin(A, p,)]* (1 — T)(p, — w)]*

1
st. 0—(14+t)p, +ytmin(A,p,) >0 and (1-T)(pr —w) >0, @)

where the parameters 1 — x € [0, 1] and « € [0, 1] denote the consumer’s and the retailer’s relative
bargaining powers, respectively. Chen et al. [8] also adopted a GNB scheme to model the negotiated
retail price. Using the data of individual consumer purchases of three popular automobiles in the
U.S., they estimated that the bargaining powers of dealers (retailers) for three automobiles are
between 0.384 and 0.453. Since the retailer may have a lower bargaining power during the economic
recession because of the pressure of dealing with excess inventory, we can reasonably assume that

the retailer’s bargaining power is £ = 0.4 for our numerical experiments.

Theorem 1 Given that the cutoff level in the U.S. tax reduction policy is A and the manufacturer’s
wholesale price is w, the retailer and a consumer with a valuation @ € [0,6] and a federal income
tax rate y; € [0, 1] bargain over the retail price. If 0 < < 6; = [14(1—;)t]w, then the retailer and
the consumer cannot reach an agreement on the retail price, and do not complete any transaction.

Ifo > éi, then the consumer buys from the retailer at the negotiated retail price p} determined as

K0 ~ R
N'I"Ei 1_ ll 'f lé SQ’L’
b= gy TR A o
pr=1q 4, if; <0 <0, (2)
A S
ﬁTE’W+(1—n)w, if 6; <0 <0,

where 0; = [A — (1 — k)w][1 4+ (1 —v;)t]/r and 0; = [A — (1 — K)w](1 +t)/k — yitA. B

In (2), 6; represents the minimum valuation of the consumers who are willing to make a pur-

chase; 6; is the minimum valuation of the consumers who pay a price equal to the cutoff level A



and thus enjoy the tax reduction in amount of v;tA; 6; is the minimum valuation of the consumers
who incur purchase costs higher than A but only receive the tax reduction v;tA.

We find from Theorem 1 that the negotiated retail price is increasing in the consumer’s valuation
f such that p, < A < p,, because consumers with higher valuations are willing to pay more. For
the consumer with a relatively low valuation 6 € [él, é,), the negotiated price p, is below the cutoff
level A and is thus independent of A. It is easy to show that p, is increasing in the wholesale price
w and the retailer’s relative bargaining power x, which means that the negotiated retail price is
higher when the manufacturer charges a larger wholesale price or when the retailer has a stronger
bargaining power. When the consumer has a valuation 6 = éi, the negotiated retail price is A,
and the consumer can obtain the maximum tax reduction amount ~;tA. For the consumer with a
higher valuation in the range (éz, 0;], the consumer cannot gain a tax reduction more than ~;tA if
he or she pays a retail price higher than A. Thus, the retailer fixes the retail price at A to benefit
the consumer. When the consumer’s valuation is greater than 6;, the consumer is willing to pay
the price p,, which is higher than A and is increasing in the consumer’s valuation. But, because
the consumer’s tax reduction amount is capped at +;tA, the negotiated price p, is dependent on
A and also increasing in A. In addition, p, is increasing in w and k. .

We learn from Theorem 1 that the probability for a successful transaction is fgi f(6)do =

1 — F(0;). The expected retail price is calculated as

=3 6 x ) (3)

where ; (i =1,...,n + 1) represents the federal income tax rate distribution of consumers in the
market segment; p(7y;) is the expected retail price for a consumer with the federal income tax rate

v;, and is computed as
6; A 5 )
(i) = Epl0 > 6] = {/9 prf(0)d0 + <F(}) - F(@-)) A+ /9 ﬁrf(e)de}/ [1—F(6;)). (4)

We use empirical data to illustrate the above analytical result in Example 1 (in online Appendix
E). We find the best-fitting distribution for the taxable incomes of the U.S. single filers and that
of the joint filers, which can be used to obtain the joint distribution of the federal income tax rate

(i.e., the value of ¢;) for both single and joint filers.

3.1.2 Impact of the U.S. Policy on the Sales and the Profitability of Each Type of

Automobile

According to our analysis in Section 3.1.1, we can compute the retailer’s expected after-tax profit

in an automobile market segment as

n+1
=1

Mp =B -T)x 3" 6 x (1= F(B)) x (u(3) —w)] (5)

Moreover, the expected sales of this automobile type can be calculated as



and the manufacturer’s expected after-tax profit in this market segment is thus computed as

Mar = (1—T)(w—¢)D = B(1 - T)(w — ¢) Z”_* [0 x (1= F(6)]. (7)

We assume the wholesale price w is exogenously determined. This assumption is reasonable be-
cause, during an economic recession, a manufacturer has to rely heavily on cash incentives and
price cuts to boost sales and help deal with excess inventory. Hence, the manufacturer is unlikely
to increase its wholesale price under the tax reduction policy and mitigate the effect of the policy

in stimulating the sales (see Businessweek.com [4] and ResearchInChina.com [28]).

Remark 1 Given the U.S. tax reduction policy with a cutoff level A, the expected sales D, the
retailer’s expected profit IIg, and the manufacturer’s expected profit II; can be determined by
using (6), (5), and (7), respectively.

The values of D, IIr, and II; are all higher than those before the policy is implemented. The
degrees of improvement in D, IIg, and II; increase in the federal income tax rates v; (i = 1,...,n).
The improvements are also dependent on the income tax rate distribution. That is, if two income
tax rate distributions {¢;} and {0;} (i = 1,...,n+ 1) are such that their cumulative probabilities
satisfy > 0", 8; > > ", ) for any m < n+ 1, then the improvements in D, IIg, and IIp; under the
distribution {d;} would be greater than those under {5;}. W

For an analytical justification for the above remark, see online Appendix D. The above remark
indicates that the U.S. policy can improve the sales and the profits of the retailer and the man-
ufacturer. The improvements are higher when more consumers have relatively high incomes (i.e.,
the income tax rate distribution indicates a higher probability for larger income tax rates). We
provide a real data-based Example 2 in online Appendix E, which indicates that the sales and the

profits of the retailer and the manufacturer can increase after the U.S. policy is executed.

Theorem 2 For the U.S. policy with a cutoff level A, we have the following results.
1. When the price elasticity of demand 6; f(6;)/ (1 - F (52)) satisfies the following condition for
all income tax rates ; of eligible consumers (i = 1,...,n), the expected retail price f is lower

than that before the policy is implemented:

~l (912 R ;I;L 0f(0)do + w (1—F(6)) ®)
—F0) it Ji (0 6.) £0)d6 + Tk [ (6~ 80) 7810 + (1~ F(B)) A7

2. When the cutoff level A > A = kf/[1 + (1 — v,)t] + (1 — k)w, increasing A will not affect i
and IIg; but, when A < A, increasing A will raise both i and IIg. Moreover, when A > w,
increasing A will not affect D and II;;. B

Using the data in online Example 1 with the retailer’s bargaining power k = 0.4, we can
calculate the threshold for the price elasticity of demand as 2.94 for the lowest income tax rate
(10%) and as 2.89 for the highest income tax rate (33%). Our estimates are roughly consistent
with the relevant evidence from Goodwin et al. [18] who showed that the price elasticity of the
demand for Ford compact automobile is 2.8. During the economic recession, the price elasticity of

demand could be higher and satisfy the condition in (8). That is, the expected retail price could



decrease as a result of implementing the tax reduction policy. This occurs because, if the demand
is sufficiently price elastic, then a tax reduction can lead to a large increase in the demand of
low-valuation consumers. These consumers would enjoy low negotiated prices, which result in a
reduction in the average retail price.

In addition, using the data in online Example 1, we can find the threshold for the cutoff level
as A = $37, 487, which is lower than the cutoff level $49, 500 in the U.S. policy. Then, according to
Theorem 2, both the expected retail price and the retailer’s profit should be constant for any cutoff
level above A = $37,487. This happens mainly because, when the cutoff level A is sufficiently large,
each consumer (even the consumer with the highest valuation @) will pay a negotiated retail price
lower than A. Therefore, a large cutoff level may not be effective in influencing the retail price and

the retailer’s profit.

3.2 Cost Effectiveness of the U.S. Tax Reduction Policy on the Automobile
Supply Chain

Recall from Section 1 that a tax reduction policy is implemented mainly to stimulate consumer
purchase of new automobiles and increase the automobile supply chain-wide profit. We empirically
verify that, in the U.S. automobile industry, sales increase results in profit increase. As shown in
online Table B, for both GM and DaimlerChrysler, the correlation coefficients between sales and
profits from 2001 to 2009 are 0.85 and 0.62, respectively. This implies that the U.S. government
actually aims at both sales and profit increases to help its automobile industry survive and to
prevent worsening unemployment during the economic recession.

As mentioned in Theorem 2, when the cutoff level A is not very large, the retailer’s profit
can be increased by raising A. Therefore, in theory, the U.S. government could decide a higher
cutoff level to achieve a larger system-wide profit increase. It thus behooves public policy makers
to determine a cost-effective tax reduction policy, under which the system-wide after-tax profit
increase induced by the policy (i.e., “output”) would be at least equal to the government’s “cost”
for implementing the policy (i.e., “input”). Because the tax reduction policy aims at helping
the automobile industry, if the government cuts a large amount of tax to stimulate the demand,
but generates a small amount of profit increase for the industry, then the policy should not be
considered as a successful one. We define “profit-cost ratio” as the ratio of the additional system-
wide after-tax profit generated by a policy to the government’s cost (tax reduction amount) of

implementing the policy.

Definition 1 A tax reduction policy is cost effective if and only if the profit-cost ratio is greater

than or equal to 1. W

If the cutoff level A cannot be found for the tax reduction policy to meet the condition in
Definition 1, then from an economic perspective, such a policy should not be viewed as a stimulus
plan for the automobile industry. On the other hand, if there exists at least one cost-effective policy,
then it would be worthwhile for policy makers to consider such a plan. As discussed previously, the
U.S. policy is implemented to increase the automobile sales and the profit of the automobile supply
chain. In order to adopt a policy that meets the cost-effectiveness condition given in Definition 1,
the policy makers need to consider the following question: What are the maximum increases in the

system-wide after-tax profit and in sales that could be induced by a cost-effective tax reduction
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policy? The solution to the question is important because it indicates the upper bounds for the

government’s target profit and sales increases.

Remark 2 We can use the following two-step approach to determine a proper tax reduction policy.

Stage 1: Sufficient condition for a cost-effective policy. Derive the sufficient condition
under which a policy is cost effective. Public policy makers can then determine whether or not
there exists at least one tax reduction policy that meets the cost effectiveness condition.

Stage 2: Feasible targets and corresponding budget for the policy. The sales increase
should be maximized under the cost effectiveness constraint to find the maximum target sales
increase that can be achieved. Similarly, the system-wide profit increase should also be maximized
under the cost effectiveness constraint to obtain the maximum target profit increase. If the govern-
ment has a budget limit, then the limit can also be considered as a constraint. The policy makers
can choose feasible target sales increase and profit increase which do not exceed their maximum

values, and then determine the corresponding budget. MW

If there is no cost-effectiveness policy, then we would not need Stage 1 in the above remark
and the government may still intend to stimulate sales with a feasible target sales increase. This is
especially true in the occurrence of an economic recession, during which automakers have to operate
with a low capacity utilization and high inventories. It is thus of interest for the government to

help stimulate sales and improve the automakers’ cash turnover ratios.

3.2.1 Sufficient Conditions for the Cost Effectiveness of the U.S. Policy

We first find the system-wide after-tax profit increase generated by the policy. For the supply chain
involving both the Type-H and Type-L automobiles, the system-wide after-tax profit is given as
ZJ»E{HL}(I_I;'2 + ng), where H{Q and Hg\/[ are defined in (5) and (7), respectively, with B = Bj,
w = wj, c=cj, 0 = (55, 0; = éf, pw(vi) = (%), & = Kj, F(-) = Fj(-), and f(-) = f;() for the Type-
j automobile (j € {H, L}). Note that the retailer’s (the manufacturer’s) after-tax profit increase is
calculated as the difference between the after-tax profit when the U.S. government implements its
policy and the after-tax profit without the policy. Using the results in Section 3.1.2, we calculate

the system-wide after-tax profit under the policy as

6

n= Y {Bja -y [55 (/éj’]a;‘fjw)dw (F,0]) — F0])) A

je{fiL}
+ /;j P£3(0)do — (1 - F}(é{)) Cj)] } 7 (9)

where ézj, ég, 0;, P, fj(0), and F;(0) are defined similar to 0;,0;,0, py, f(0), and F(0), respectively.

Let 06 denote the minimum valuation of a consumer in the Type-j automobile market segment
above which the consumer will buy a Type-j automobile when the U.S. policy is not implemented.
Similar to our analysis in Section 3.1, we can find that, before the policy is implemented, the

system-wide expected profit Iy is computed as

Mo=3" 0 [BO-1) (1= FED) s - <] (10)
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where

. 0 . : .
= [ ot 0)d8 /(1= Fy(@))) . and 6 = (1 + s (1)

prio = K;0/(1 +t) + (1 — Kj)w; is the negotiated retail price of a Type-j automobile. In (10),
ug represents the expected pre-tax retail price for the Type-j automobile, (1 — T)(,u% —¢j) is the
expected after-tax unit profit for the Type-j automobile, and B; (1 — FJ(Q(J))) is the expected sales
for the Type-j automobile. We note from Remark 1 that II > Ily because the manufacturer’s
and the retailer’s expected profits are higher after the policy is implemented. Let S represent the
system-wide after-tax profit increase generated by the U.S. policy. We calculate S as II in (9)

minus Ilp in (10), i.e.,

S=3 oy 1B =D {6 () (1= Fi(8) = i (1= F#) +¢; (B8] ~ Fy(69)) | 1}
(12)
which must be positive because IT > Ilj.
Next, we determine the government’s expense (or cost) for its policy. We learn from Theorem
1 that the consumer in the Type-j automobile market segment with the valuation 6 € [9? , éj] and
the income tax rate ~; purchases an automobile at the price pi* as given in (2), and thus reduces
the tax payment by the amount of v; X ¢ x min(A,p%*). Using (2), we compute the expected tax

reduction amount for a consumer in the Type-j automobile market segment as

n ,
;= tzizl {55-%

which is regarded as the expected reimbursement to the consumer for the automobile purchase.

i y
[ sioan+a(1- Fjwz))] } , (13)
91’

The government’s expected total amount of tax reduction is Zje (, L}(Bj:cj) because there are
Bj consumers in the Type-j automobile market segment. Noting that the manufacturer and the
retailer should pay to the government their corporate tax 7'S/(1—1T'), we compute the government’s
net expense as X =3y 1y (Bja;) —T'S/(1-1).

Then, the profit-cost ratio can be calculated by the following formula:

jE{H,L}(Bjxj) — TS . (14)

qSES/X:(l—T)S/[(l—T)Z

As Definition 1 indicates, for a cost-effective policy, ¢ should be greater than or equal to 1. One
may note that consumer surplus is not involved in (14). We do not consider consumer surplus,
mainly because it would have no impact on our major results. Specifically, our previous analytical
results indicate that introducing a consumer surplus term into our model does not change our
analytical approach and most of the results, including the negotiated retail price, the sales, the
manufacturer’s profit, the retailer’s profit, and the government’s expense for its policy. If consumer
surplus is included in the analysis, then when we evaluate the cost-effectiveness of the policy, we
need to consider the consumer surplus increase together with the system-wide profit increase.
However, because consumers and the retailer share the tax reduction, the government’s gain from
the policy is very likely to exceed the government’s expense and thus the policy would always be

cost effective.
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Theorem 3 The U.S. policy is cost effective if the retailer’s bargaining power ; for the Type-j
automobile (7 = H, L) satisfies

Zje{H,L} (Bj"jwé'ﬁ)) > Zje{H,L} (BjAé'(’}/)) forl =1,2, (15)

where <p§»(fy) and )\é(’y) (for i =1,2 and j € {H, L}) are defined as,

i

(1) = Z;l {H(fg_%)t [(1 —it) /556(9 —0])/;(0)d6
(150-9) fj(9)d9] } , (16)
itw; (1= Fy(8) = (w; — ;) (E,68) = £0D) |} (17)

= S {@H [ /;Hw ~ 0 a0y~ | "0 af >fH<e>de] } Sy
Na() =Y {ol" [tw (1= Fu(0) — (wn — ) (Fu(0) ~ Fu (@) |} (19)

‘ of _
A=Y {af CCED [ (5-6t) putoyan

T 14t L=t L+ (=)t Jor
73 . 0r
+ [ [0ttt — )] 00 - / (O eoL)fL(e)de] } , (20)

M =>" oF H(wH —wg) [(1 —Yit)FL(0F) + it — FL(éiL)}

=1 "

yitwy, (1= FL(0F)) = (wy — 1) (Fu(68) - FL(89) }] (21)

If )\é(*y) < 0Ofor j = H,Land ! = 1,2, then a cost-effective policy always exists. A cost-effective
policy exists if k; > )\3(7)/@9(7) forj=H,Land ! =1,2. If )\é- (v) > goé (7), then there may not

exist a cost-effective policy. H

The above theorem indicates that the U.S. tax reduction policy may or may not be cost ef-
fective, depending on the retailer’s bargaining power x;, which reflects the retailer’s ability to
negotiate retail prices with consumers in the Type-j automobile market segment. The conditions
that > i1y (Bjmjgoé-(fy)> > D ietH,L} (Bj)\é-('y)) (I = 1,2) imply that a cost-effective U.S.
policy is more likely to exist if the automobile supply chain includes a retailer with a stronger
bargaining power. This is because if the retailer’s bargaining power r; is sufficiently high, then the
retail price negotiated between the retailer and each consumer would be high, resulting in a large
profit for the retailer. As a consequence, the system-wide profit would increase and the profit-cost
ratio would be high. The cost-effectiveness of the policy also depends on (i) the sales tax rate t;
(ii) the federal income tax rate distribution (i.e., 512' , for i = 1,...,n+ 1) of consumers in each
automobile market segment; (iii) the values of n federal income tax rates of eligible consumers
(i.e., vi, for i =1,...,n); and (iv) the size B; of each segment. Since it is difficult to interpret the
sufficient condition for the cost-effectiveness of the U.S. policy in Theorem 3, we provide a simpler

sufficient condition and discuss its insight below.
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Remark 3 For the smaller value of ¢ Z?Zl(ég X i), a cost-effective tax reduction policy involving
a cutoff level is more likely to exist. In addition, if By, is greater than By, then a cost-effective

policy is more likely to exist. W

For an analytical justification for the above remark, see online Appendix D. As discussed in
Section 3.1.1, 55 is the percentage of Type-j (j = H, L) automobile consumers who are eligible
for the tax reduction based on the federal income tax rate 7; (i = 1,...,n). Hence, the term
S (55 X 7;) is the expected federal income tax rate for the eligible Type-j automobile consumers.
Because the tax reduction amount for an eligible consumer who pays his or her income tax at the
rate y; is calculated as the tax reduction rate 7;t times min(A, p}), ¢ Z;?;l((sf X 7y;) can be regarded
as the expected tax reduction rate for the Type-j automobile consumers.

Consider the joint federal income tax rate distribution P; (i = 1,...,n+ 1) for single and joint
filers in the U.S., where P; = (BL6F + Byd) /(B + By ) represents the proportion of consumers
in the automobile supply chain who are eligible for tax reduction at the income tax rate 7; (note
that v,4+1 = 0). Remark 3 implies that the U.S. policy will more likely be cost effective when

consumers’ income levels decline so that the expected tax reduction rate [i.e., }-;crpy 1y[B;/(Br +

Bpy)] (t S 55 X %-) =ty . (P x ;)] for all consumers is reduced, that is, a lower cost for the
government. This means that it would be appropriate for the U.S. government to implement the
tax reduction policy during the global economic recession.

As reported by the Federation of Tax Administrators (FTA), as of January 1, 2010, the highest
sales tax rate is 9.75% in Los Angeles (Federation of Tax Administrators [14]). That is, in Section
3,t <9.75%. Using Example 1 and online Table A, we can find that, in the U.S., Y " | (P; x ;) =
18.64%, and ty ;" (P x ;) < 1.82%, which is a small percentage of consumers’ income being
deducted for tax purposes. Therefore, according to Remark 3, we conclude that for the current
sales rate and federal income tax rate, the U.S. policy is likely to be cost effective.

To illustrate Remark 3, we provide online Example 3, from which we learn that the market
share for each automobile type can affect the cost effectiveness of the U.S. tax reduction policy, and
the degree of consensus among consumers can also be a key factor that affects the cost effectiveness
of the U.S. policy.

3.2.2 Feasible Targets and the Corresponding Budget for the U.S. Policy

We find from Section 3.1.2 that the U.S. policy with A > wy can generate the additional sales of
the Type-j automobile (j = H, L) as

G = Dy~ D= By x [+ tywy) = 3 (57 % Fy(@))] (22)

where Dg = Bj x (1 = Fj((1+t)w;)) is the expected sales of the Type-j automobile when the
policy is not implemented. We learn from (22) that the additional sales are independent of the
cutoff level A. This happens because as Theorem 1 indicates, the cutoff level does not influence the

value of 67, which is the minimum valuation of the consumers who are willing to buy the Type-j

27
automobile.

The policy makers need to set the feasible target sales increase for the Type-j automobile as
gj in (22). To find the feasible target system-wide profit increase, the policy makers should first

investigate the maximum profit increase S* that can be achieved for the supply chain, and then
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determine the feasible target profit increase as a specific value that does not exceed the maximum

value. We can find §* by solving the following problem:
maxag S, st. ¢>1 and A>wpy. (23)

Theorem 4 When the sufficient condition in (15) for the cost-effectiveness of a tax reduction
policy holds, the optimal cutoff level A* for the problem in (23) is any value such that A* > Ay =
kO /[1 4+ (1 — )] + (1 — kg )wp, where Ag is the retail price of the Type-H automobile paid

by a consumer with the highest valuation 8y and the largest income tax rate v,. W

The above theorem implies that, in order to maximize the system-wide profit increase, the U.S.
government may set a sufficiently high cutoff level or no cutoff level. In this way, each consumer
can enjoy a tax reduction on the full retail price of a qualifying automobile that he or she buys.
In fact, in the current U.S. policy, the cutoff level is $49,500, which is significantly higher than the
retail prices of most qualifying automobiles. However, considering the “expense” for the policy,
the government may need to choose a feasible target S that is equal to or less than the maximum
value S* resulting from the adoption of the optimal cutoff level A*, and choose a finite cutoff level
to induce the target value S,

Because the cutoff level does not affect the additional sales, the U.S. government can determine
its cutoff level and budget by only considering the target profit increase S, Accordingly, we can
find the government’s budget by following two steps: (i) solve the equation that S = S to find
the cutoff level A [note that S is given as in (12)], and (ii) substitute A into the government’s
“expense” function X = Bz — T'S/(1 — T) and determine the budget X. We illustrate the above

in online Example 4.

4 Impact of the Chinese Automobile Tax Reduction Policy

As explained in Section 1, the Chinese tax reduction policy is percentage based, under which the
sales tax rate is reduced by a (0 < « < 1) from ¢ to (1 — «a)t, where ¢ € [0, 1] is the original sales
tax rate (10% in China). Note that o = 50% in 2009 and o = 25% in 2010. This means that the
Chinese government’s decision is the reduction percentage « in its tax reduction policy. In order
to distinguish the notations of the variables for the Chinese policy from those for the U.S. policy,
we, hereafter, use the hat symbol (") to indicate the Chinese policy.

4.1 Impact of the Chinese Tax Reduction Policy on Each Type of Automobile

Similar to Section 3.1, we consider a generic automobile in this section. Using the same method-
ology explained in Section 3.1.1, we can determine a consumer’s net gain as his or her valuation 6

minus the after-tax expense (1 + t) X p, plus the consumer’s tax reduction « X ¢ X p,; that is,
W(pr;0) =0 — [14 (1 — o) x t] X pr, (24)

where p, is the retail price. Note that, similar to the term ¢ ;" ;(d; X ;) in the analysis of the
U.S. policy, at is considered as the tax reduction rate (that applies to the retail price paid by each

consumer) for the Chinese policy. Moreover, the retailer’s marginal after-tax profit is calculated as
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7r(pr) = (1 = T)(pr — w). Using the GNB approach specified in Section 3.1.1, we can determine

the negotiated retail price.

Theorem 5 Given that the sales tax reduction percentage in the Chinese policy is « and the
manufacturer’s wholesale price is w, the retailer and a consumer with the valuation 6 € [0, 6]
negotiate the retail price as follows: If the consumer’s valuation 6 is smaller than his or her
purchase expense in terms of the wholesale price w (the minimum retail price that the retailer
can offer), i.e., 0 < 0 < 6 = [1 + (1 — a)tJw, then the retailer and the consumer cannot reach
an agreement on the retail price and they do not complete any transaction. If the consumer’s
valuation is above é, ie., 6> é, then the consumer buys from the retailer at the negotiated retail
price p, as
~ K0
Pr = m + (1 — m)w. [ ] (25)
The above theorem indicates that each consumer and the retailer complete a transaction with
the probability 1 — F (é) Recalling that the consumer base is B, we can calculate the expected
sales D as

D=8 (1 - F(é)) . (26)

Since 6 is decreasing in «, the Chinese government can raise the sales by increasing the reduction
percentage. The retail price depends on the consumer’s valuation; thus, we compute the expected
retail price fi as

N 0
o= Elp,|0 > 0] = Jy Prf(0)d9 _  Jo 5(0)9 +(1 - K)w. (27)

L=F0) 1+ -y (1-F0))

Moreover, we can compute the retailer’s and the manufacturer’s expected profits as

0 0
ﬂRZB(l—T)/é (pr — w) f(0)dd = Br(1 —T) 5 01(0)d0

1+ (1—a)t

(1 - F(é)) w] o (28)
Ty = B(1 - T)(w — ¢) (1 - F(é)) . (29)
Note that 15, 11 R, and 11, are independent of consumers’ income tax rate distribution.

Remark 4 The negotiated retail price p,, the expected sales D, the manufacturer’s expected profit
II5s, and the retailer’s expected profit Iy are higher than those before the policy is implemented.
The magnitude of each increase is measured by the difference between each of the equations (25),
(26), (28), and (29) and the corresponding value under no tax reduction, and mainly depends on

the sales tax reduction percentage a. W

For an analytical justification for the above remark, see online Appendix D. The above remark
indicates that the Chinese tax reduction policy should be helpful in stimulating the automobile
market and improving the performance of the automobile industry. In fact, compared with the
annual sales in 2008, the annual sales in China in 2009 increased by 46.15% to 13.64 million units
(see, e.g., Hong Kong Trade Development Council [19] and Liu [24]).
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)

Theorem 6 If the consumer demand is price inelastic—that is, the generalized failure rate 0 f (é) / (1 — F(
is smaller than 1 (see, e.g., Lariviere [23]), then the expected retail price fi increases in a. Moreover,

D, 1lg, and Il are increasing in . W

Theorem 6 presents an interesting result that, even though each consumer’s retail price p,
increases in «, the expected (average) retail price i may not increase when « is raised because it
depends on the price elasticity of demand. If the demand is price inelastic, then the retail price
increases. But, this may not occur when the demand is price elastic, because a small increase
in « (i.e., a small reduction in the sales tax rate) can stimulate a large number of low-valuation
consumers to purchase the automobile, who are only willing to pay low retail prices. Although
the retail prices paid by high-valuation consumers (who intend to buy even without the tax re-
duction policy) would slightly increase (in «), the proportion of low retail prices greatly increases.
Therefore, the expected (average) retail price for all consumers may decrease in a.

To illustrate the above results, we provide online Example 5, which shows that, as « is increased
from 25% to 50%, the expected retail price, the sales, and the retailer’s and the manufacturer’s
profits would be increased by 0.51%, 10.91%, 22.99%, and 10.91%, respectively. Moreover, when

the demand is significantly price elastic, the expected retail price will decrease in a.

4.2 Cost Effectiveness of the Chinese Tax Reduction Policy on the Automobile
Supply Chain

To examine the cost effectiveness of the Chinese policy, we need to consider both the Type-H and
Type-L automobiles to calculate the total expense for implementing the policy. We follow the
two steps specified in Remark 2 to find the feasible target sales increase and system-wide profit
increase and determine the corresponding budget for the targets. In online Table B, we show that
the sales and profits of two major Chinese automobile firms—Shanghai Automobile Corporation
and Dongfeng Automobile Corporation—are positively correlated, with the correlation coefficients
being 0.89 and 0.85, respectively. This evidence suggests that, similar to the U.S., China also aims

at increasing both the sales and the profitability of its automobile industry.
4.2.1 The Necessary and Sufficient Condition for the Cost Effectiveness of the Chi-
nese Policy

Using Il in (28) and II; in (29), we calculate the system-wide (after-tax) profit when the policy
is implemented, denoted by II, as

n= % {Bju—T)(Hl_a/ 0f;(0 d0+(1— (é))[(l—ﬁg) J_cj]>}> (30)

Je{H,L}

which is increasing in the tax reduction percentage . The system-wide profit increase generated

by the Chinese policy is calculated as S=1I— 1y, where IIy as given in (10) is the system-wide
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expected profit when the policy is not implemented. Thus,

J{or0)d0 [, 05;(6)d0 A

§= 3 PO T T + (F3(63) — F5(8) [0 = )y — )

(31)
which must be positive because according to Remark 4, the manufacturer’s and the retailer’s
expected profits are higher than those before the policy is implemented. Note that 0] = (1+t)w;
and 0; = [1 4 (1 — a)t]w;.

Similar to our discussion in Section 3.2.1, we compute the government’s expense as X =
ety (Bi)) —TS/(1-T), where &, denotes the expected tax reduction amount for a consumer

in the Type-j automobile market segment, i.e.,

bi=axtx Epl]=axt
Tj=axtx Epl]=axtx 15

G
R [Ty (1 —r) (1= Fi(b;
T /9 0£,(0)d6 + w;(1 ) (1~ Fy( J))] NG
Then, we compute the profit-cost ratio of the policy as
p=58/X=(1- T)S/ [ZjE{HyL}(Bj:zj)u ~-T) - TS} . (33)

Theorem 7 The Chinese policy is cost effective (i.e., ¢ > 1) if and only if > jein 3B % (Iijle +
7']2)] > 0, where

— 0; . 0; .
T, 00w [ 0-dsew (31)
7 =1 - at)w; — ¢j] (1 - Fj(éj)) — (wj — ¢) (1 - Fj(%)) : (35)

In general, le >0, (97}/ Ja > 0, and 7'j2 <0, (9732 /O0a < 0. Therefore, a sufficient condition for the
Chinese policy to be cost effective is x; > —7'j2/7'j1 forj=H,L. 1

As the above theorem indicates, the cost effectiveness of the Chinese policy depends on the
values of r;, le, 7']-2, and Bj. According to our discussion in online Appendix G, we find that le
can be viewed as the expected increase in the extra before-tax valuation of a Type-j automobile
consumer that is generated by the Chinese policy, and Tj2 can be explained as the manufacturer’s
tax reduction-exclusive profit increase from a Type-j automobile under the Chinese policy. From
(34) and (35), we find that the Chinese government can choose « to affect the values of 7} and
Tj2. Therefore, we cannot conclude from Theorem 7 that x; must be large to assure the cost
effectiveness of the Chinese policy. That is, the Chinese policy may still be cost effective when the
retailer is in a weak position (i.e., x; is small) to negotiate the retail price with consumers. We
illustrate our analysis on the cost effectiveness of the Chinese policy in online Example 6, which
shows that whether or not the Chinese policy is cost effective significantly depends on the retailer’s

bargaining power.
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4.2.2 Feasible Targets and the Corresponding Budget for the Chinese Policy

According to Section 4.1, the expected sales increase of the Type-j automobile (for j = H, L)
generated by the Chinese policy with « € [0, 1] are computed as

G =B (F6) — F(6), (36)

which is positive because 96 =1+ tw; > 0; = [1+(1— a)tlw;. Thus, a feasible target sales
increase of the Type-j automobile can be calculated using the formula in (36). In addition, we
can obtain the maximum system-wide profit increase by solving the constrained maximization
problem: max, S, s.t. qg > 1 and 0 < a < 1, and determine a feasible target profit increase that
is no more than the maximum value. Because Theorem 6 has shown that the expected sales and
the manufacturer’s and the retailer’s expected profits from each type of automobile are increasing

in a, we obtain the following corollary.

Corollary 1 For a cost-effective Chinese policy, the optimal tax reduction percentage a* maxi-
mizing the system-wide profit S can be uniquely determined as a* = max ©, where © = {a]qg >1
and 0 <a<1}. N

Therefore, the optimal reduction percentage must exist if the condition for the cost effectiveness
of policy in Theorem 7 is satisfied. If the condition is not satisfied, then ® = & and the Chinese
policy may not be worth implementing; otherwise, ©® # &, and the policy makers can choose a
feasible target sales increase gAjC for the Type-j automobile and a feasible target system-wide profit
increase S€, which are capped by the maximum sales increase and profit increase (generated by
adopting the optimal reduction percentage a*), respectively.

Next, to achieve the targets éjc and S, we find the budget using the following three steps: (i)
Ajc"
(36), and find the tax reduction percentage djl-. Substituting &; = max(&l;, a1) into the Chinese

For the Type-j automobile (j = H, L), we solve the equation that {; = where ¢; is given as in
government’s expense function X = 3 jeqmy(Bids) — TS/(1—T) gives the corresponding budget
XIC for achieving the sales increase 6]-0 . (ii) Similarly, we solve the equation that S = S‘C, where
S is given as in (31), and find the tax reduction percentage &s. Substituting ¢s into the expense
function X gives the corresponding budget XQC for achieving the profit increase Se. (iii) We then
determine the government’s budget as the higher value of X and X§ because both the demand
and profit increase targets should be met. This approach is illustrated by online Example 7, where

the optimal tax reduction percentage is o = 47.96%, resulting in a profit-cost ratio (JB = 1.0654.

5 Comparison Between the U.S. and the Chinese Policies

We note from Sections 3 and 4 that the U.S. stipulates a finite cutoff level in its tax reduction
policy with a tax reduction percentage determined by the federal income tax rate. In contrast,
China does not consider any cutoff level but only adjusts the sales tax reduction percentage to
influence consumers’ purchase of new automobiles. Theorems 2 and 6 analytically determine the
effectiveness of the U.S. and the Chinese policies in stimulating the automobile sales and improving
the profitability of the automobile industry for a type of automobile, respectively. However, we

cannot immediately determine which policy is more effective under comparable conditions while

19



assuring the cost effectiveness of the policy. Next, we discuss the institutional differences between
the two policies. We then conduct a numerical experiment with sensitivity analysis based on real

parameters to compare their impact and cost effectiveness.

5.1 Background Comparison between the U.S. and the Chinese Policies

We analyze the background of these two policies by discussing the sales tax management systems,
the consumers’ taxable income levels, the retail prices of qualifying automobiles, and the retailers’

bargaining powers in their automobile markets.

5.1.1 Sales Tax Management Systems

The U.S. and China use different ways to assist their automobile industries. Specifically, the U.S.
consumers cannot get a tax cut immediately after purchasing a new automobile, but can enjoy a
reduction in their federal income tax when they report their tax liability. In China, each consumer
can immediately benefit from the policy by paying less sales tax. That is, the U.S. consumers
receive “delayed” benefits from the U.S. policy, and those who do not pay or pay little income
tax have no or little benefit. The Chinese consumers receive immediate benefits from the Chinese
policy, and each consumer who buys an automobile can enjoy the same percentage of sales tax
reduction.

One reason for the above difference in the two tax policies is the fact that sales tax is a local
tax in the U.S. but a federal tax in China. Therefore, in terms of tax administration, it is easier

for China’s central government to reduce the sales tax.

5.1.2 Taxable Incomes of Consumers and Retail Prices of Qualifying Automobiles

We learn from Sections 3 and 4 that the U.S. and Chinese policies have different impact on
consumers’ benefits and the automobile industry. We first discuss a consumer’s tax reduction
amount under each policy. Note from Section 3.1.1 that an eligible U.S. consumer with the federal
income tax rate y; € (0, 1) can enjoy the tax reduction amount calculated as v;t of the minimum of
the cutoff level A and the retail price. In Section 3.2.1, we calculate the average federal income tax
rate for the U.S. consumers as > . (P; x ;) = 18.64%. For each U.S. consumer, the average ratio
of a reduced tax to the cost of the automobile purchased (up to $49,500) is ¢ Y1 ; (P; x ;) < 1.82%.
We also find from Section 4.1 that for each Chinese consumer, the ratio of a tax reduction amount
to the retail price is at = 5% in 2009 and at = 2.5% in 2010.

Comparing ¢y ;" | (P; x 7;) in the U.S. policy with ot in the Chinese policy, we find that the
percentage of tax reduction amount in the retail price of a qualifying automobile for the Chinese
consumers is significantly greater than that for the U.S. consumers. This happens possibly because
of two reasons: First, the average income of consumers in China is lower than that in the United
States. Second, the automobile retail prices in China (especially for imported automobiles) are
higher than those in the U.S. markets for the same model. To effectively stimulate the automobile
market, the Chinese government needs to reduce the consumer’s tax burden by a larger amount so
as to ensure that more Chinese consumers are able to afford the purchase of new automobiles.

According to the above, if the taxable incomes of consumers in a country are low and/or the

retail prices of new automobiles are high, then the government may consider the Chinese policy to
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directly reduce sales tax by a significant percentage and thus immediately help consumers afford
their purchases. Compared with the Chinese policy, the U.S. policy provides consumers with less
tax reductions and thus needs a smaller budget, which may be desirable when the government has

a large deficit.

5.1.3 Retailers’ Bargaining Powers in Automobile Markets

Retail prices are negotiated under both the U.S. and Chinese policies, which mainly differ in that
under the U.S. policy, the consumers with different income tax rates will obtain different sales tax
reduction rate, whereas under the Chinese policy, all consumers enjoy an identical reduction in
the sales tax rate. To focus our comparison between the two policies on their key differences and
obtain analytical results and managerial insights, we now assume that the retailer’s bargaining
power in the U.S. is identical to that in China. This assumption also enables us to investigate the
impact of the bargaining power on the two policies; otherwise, we cannot reach any comparable
results.

We find from Theorem 3 that the U.S. tax reduction policy is likely to be cost effective if the
retailer is in a sufficiently strong position to negotiate retail prices with consumers. This is because
a strong retailer bargaining power means a high negotiated retail price and profit. As discussed in
Section 3.2.1, only a small percentage of consumers’ income is deducted, and thus the increase in
the government’s cost of implementing the policy is likely to be less than the profit increase of the
retailer and the supply chain.

On the other hand, we note from Theorem 7 that the Chinese tax reduction policy is also likely
to be cost effective if the retailer’s bargaining power x; is greater than —Tj2 /le for j = H,L. In
contrast to the U.S. policy, the Chinese policy imposes a deduction directly on the sales tax, and
the government can easily adjust the tax reduction percentage « to ensure the cost-effectiveness of
the policy. As demonstrated in online Example 6, even when the bargaining power is small (e.g.,
kj = 0.2 for j = H, L), the government can choose a small « to achieve this purpose.

The above findings should be helpful in guiding public policy makers to choose a proper tax
reduction policy. That is, if the automobile retailer in a country is in a weak position to bargain
the retail price with consumers (because of overstocking, weak demand, or intense competition),
then the policy makers may consider the Chinese policy with a tax reduction percentage o that is
set such that the policy is cost effective. On the other hand, if the retailer is strong in negotiating
the retail prices, then the policy makers may consider either the U.S. policy or the Chinese policy

with a proper value of a.

5.2 A Numerical Experiment with Sensitivity Analysis Comparing the U.S.
and the Chinese Policies

We perform a numerical experiment with sensitivity analysis based on real data to compare the
impact and the cost effectiveness of the U.S. and the Chinese policies. Such an analysis together
with the analytical results obtained in this paper can serve as a decision model on the choice
of alternative tax reduction policies by public policy makers (see Macnaughton [25]). We now
consider a generic government (say, a third-world country) which can implement either the U.S.

policy with a cutoff level or the Chinese policy with a tax reduction percentage. We vary the
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values of decision variables and parameters in the two policies, and compare their impact and cost
effectiveness to find condition(s) under which the U.S. or the Chinese policy is more appropriate
for the generic government to use for stimulating the sales and improving the profitability of the
automobile industry.

In Sections 3 and 4, we provided numerical examples to illustrate our analytical results for
the U.S. and the Chinese policies, respectively. We note that the U.S. policy is dependent on the
distribution of consumers’ income tax rates (i.e., P;, i = 1,...,n+ 1) and the federal income tax
rates (i.e., v, 4 = 1,...,n), whereas the Chinese policy does not deal with the income-related issues
but depends on the tax reduction percentage a. The models that we developed are applicable for
all sales tax rates.

To compare the two policies in the same setting, we consider the parameter values that are
used for the U.S. policy in Section 3, and “simulate” the implementation of the Chinese policy
in the U.S. setting. Our results for both policies are then compared to draw insights about the
comparison between their impact (on the expected sales as well as the expected profits of the
retailer, the manufacturer, and the supply chain) and cost effectiveness (i.e., the profit-cost ratio).

To simulate the Chinese policy in the U.S. setting, we assume that the sales tax rate is t = 5%
(a typical rate) and a = Y1 | (P; X ;) = 18.64%, because ;" | (P; x ;) is the expected federal
income tax rate in the U.S. policy that is equivalent in meaning to the “tax reduction percentage”
in the Chinese policy. Using t = 5% and a = 18.64%, we apply other parameter values in Example
3 to identify the expected sales for the Type-j automobile, the expected profits of the retailer, the
manufacturer, and the supply chain, as well as the profit-cost ratio. The results for both policies
are given in Panel A of online Table C.

We find from the results that, although the expected federal income tax rate in the U.S. policy
is equal to the tax reduction percentage in the Chinese policy, the impact and cost effectiveness
of two policies are different. In the current U.S. setting, the Chinese policy is more effective in
stimulating the sales of the Type-L automobile, but is less effective in stimulating the sales of the
Type-H automobile. In comparison, the Chinese policy is more cost effective because the profit-cost
ratio is higher.

Even though we can compare the U.S. policy with the Chinese policy in the current U.S. setting,
we still need to examine which policy is better in different settings. Accordingly, as discussed below,
we perform a sensitivity analysis by changing the values of decision variables and parameters in

the two policies around their base values in the current U.S. setting.

5.2.1 Impact of the Decision Variables on the U.S. and the Chinese Policies

We first consider the impact of the cutoff level A in the U.S. policy by changing its value around
the base value $49,500. The value of A is increased from $34,500 to $57,000 in increments of
$2,500. Our sensitivity analysis results are given in Panel B of online Table C, where we calculate:
(i) the expected sales of each type of automobile, (ii) the retailer’s, the manufacturer’s, and the
system-wide expected profits, and (iii) the profit-cost ratio. The results here are only for the U.S.
policy because the Chinese policy does not involve the cutoff level. We find that the cutoff level
A does not influence the sales and the manufacturer’s profit as long as A > wy = $34,000, as
discussed in Section 3.1.2. Moreover, when wy < A < $39, 500, increasing the cutoff level will raise

the retailer’s profit. However, when A is sufficiently high (A > $39,500), any further increase of A
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will not affect the profits in the supply chain and the profit-cost ratio. In this case, the government
may choose a cutoff level lower than $49,500 and have the same market effects.

We then consider the impact of the tax reduction percentage « in the Chinese policy by in-
creasing its value from 0.1 to 0.74 in increments of 0.08. The results are given in Panel C of online
Table C, where we also provide the results when o = 18.64% and 25%. Because the U.S. policy
does not consider the reduction percentage, we only investigate the impact here for the Chinese
policy. Panel C of Table C indicates that, when the government increases «, the expected sales of
each type of automobile and the expected profits of the manufacturer, the retailer, and the supply
chain all increase, but the profit-cost ratio decreases. Moreover, if o > 42%, the profit-cost ratio is
smaller than 1 and thus the Chinese policy is not cost effective. The maximum value of « (that is
smaller than 42%) for the policy cost effectiveness is obtained for our numerical experiment based
on the data of the Chinese policy in the U.S. setting (where the sales tax rate is 5%), whereas
the maximum value of o = 60.3% found in Example 7 is for the analysis of the Chinese policy in
the Chinese setting (where the sales tax rate is 10%). Comparing Panels B and C of online Table
C, we find that, when « is chosen to be higher than the expected federal income tax rate 18.64%
(e.g., @ > 25%), both the sales and the system-wide profit are higher under the Chinese policy
than those under the U.S. policy (for all values of the cutoff level A).

Remark 5 According to our above discussion, we find that if a government intends to stimulate
the sales and increase the profitability of its automobile industry more effectively, then it may
choose the Chinese policy with a tax reduction percentage that is greater than the expected federal
income tax rate 18.64%, but cannot be too large (e.g., o < 42%) to render the policy cost-

ineffective. W

5.2.2 Impact of the Sales Tax Rate

In online Table D, we vary the sales tax rate ¢t from 1% to 10% in increments of 1%, and calculate
the expected sales and profits under the U.S. and the Chinese policies and the percentage increases
in the sales and profits compared with those before each policy is implemented. From Table D,
we find that, when the sales tax rate t is larger, the percentage increases in the sales and profits
under both policies are higher, thus both policies are more effective in improving the sales of each
type of automobile and the profit of the automobile supply chain. Given each sales tax rate, both
policies are more effective in improving the sales of the Type-H automobile than that of the Type-
L automobile; the U.S. policy is better in improving the sales of the Type-H automobile whereas
the Chinese policy is better in improving those of the Type-L automobile. The U.S. policy is
more effective in increasing the profitability of the automobile supply chain, mainly because the
manufacturer’s profit margin from the Type-H automobile is higher than that from the Type-L
automobile. We also note that the U.S. policy has a smaller profit-cost ratio, indicating that the
government’s expense under the U.S. policy would be higher than that under the Chinese policy.
In addition, both policies are more cost effective in the case of a larger value of ¢; when ¢ is small

(e.g., t < 3%), both policies are not cost effective in terms of the profit-cost ratio.

Remark 6 From our sensitivity analysis of the sales tax rate ¢, we find that, if a government aims
at increasing the sales of the Type-L automobile, then it may choose the Chinese policy under any

sales tax rate. Otherwise, if a government’s main purpose is to improve the sales of the Type-H
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automobile or the profitability of the automobile industry, then the government may adopt the
U.S. policy. If the government just aims at implementing a cost-effective policy, then it would be

better to consider the Chinese policy. W

5.2.3 Impact of the Market Share of Each Type of Automobile

To investigate the impact of market share on the effectiveness of each policy, we fix the total market
size as 10,000, and change the market share of the Type-L automobile from 10% to 90% in steps
of 10%. Hence the size of the Type-L automobile market segment varies from 1,000 to 9,000 in
increments of 1,000. We also fix the income tax rate distribution of consumers in the Type-L
automobile market segment as that in online Example 3. As discussed in Example 3, because
the overall income tax rate distribution of consumers in both market segments follows the U.S.
income tax rate distribution P; (i = 1,...,6), the income tax rate distribution of consumers in
the Type-H automobile market segment will vary when we change the market share of the Type-L
automobile. As online Table E indicates, our results regarding the comparison between the U.S.
and the Chinese policies are similar to those for the impact of the sales tax rate.

In addition, we find that the effectiveness of the U.S. policy in improving the sales of the Type-H
automobile depends on the market share of the Type-L automobile, which, however, does not affect
the effectiveness of the U.S. policy in improving the sales of the Type-L automobile. This occurs
because we have fixed the income tax rate distribution of consumers in the Type-L automobile
market segment so that the income tax rate distribution of consumers in the Type-H automobile
market segment varies with the market share. Therefore, if the income tax rate distribution of
consumers of an automobile type is independent of the market share, then the effectiveness of the
U.S. policy in improving the sales of this automobile does not vary with the market share. We
also find that the effectiveness of the Chinese policy in improving the sales of each automobile type
is independent of the market share of the Type-L automobile. The effectiveness of both policies
in improving the profit of the automobile supply chain is decreasing in the market share of the
Type-L automobile because the Type-L automobile has a smaller profit margin than the Type-H

automobile.

5.2.4 Impact of the Mean and Standard Deviation of Consumers’ Valuations

A consumer’s valuation reflects the after-tax price that the consumer is willing to pay for an
automobile. The mean value of consumers’ valuations on two types of automobiles is given as
E(0) = > jetm.y[Bi/(Br + Bu)|E(6;). To investigate the effect of E(6), we increase E(fy) from
35,000 to 39,500 and E(0r) from 24,000 to 28,500, both in increments of 500; hence, E(0) is
changed from 27,300 to 31,800 in steps of 500. This range contains the estimated value of E(#)
equal to 29,916.6 that we provided in Example 1. From online Table F, we find that, both the U.S.
and the Chinese policies are not cost effective (i.e., ¢ < 1) when consumers’ mean valuations on
the two automobiles are sufficiently high [i.e., E(6g) > 37,500 and E(61,) > 26,500], whereas they
become cost effective when consumers’ mean valuations are not large [i.e., E(fg) < 37,500 and
E(0r1) < 26,500]. The cost effectiveness of each policy is decreasing in consumers’ mean valuations
on two automobile types; however, the Chinese policy is more cost effective in improving the
profitability of the automobile supply chain. Moreover, both policies are less effective in improving

the sales and the supply chain profit when consumers’ mean valuations on two automobiles increase.
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For each pair of values of E(fy) and E(61), we can find that the comparison between the U.S.
and the Chinese policies generates results similar to those for the impact of the sales tax rate and
the market share of the Type-L automobile.

We then examine the impact of the dispersion of consumers’ valuations by increasing the
standard deviation oy for both types of automobiles from 2,000 to 6,500 in steps of 500. From
online Table G, we find that the dispersion of consumers’ valuations (oy) has a similar effect as
the mean values of consumers’ valuations. The cost effectiveness of each policy decreases with
og. When oy is small (i.e., o9 < 4,500), both the U.S. and the Chinese policies are cost effective;
but when consumers’ valuations on an automobile are highly diverged (i.e., o9 > 4,500), both
policies will not be cost effective (i.e., ¢ < 1). The result can be interpreted as follows. When the
standard deviation of consumers’ valuations increases, consumers’ valuations are more diverged.
As a result, it would be more difficult for the government to implement its tax policy for enticing
low-valuation consumers to buy the automobile. This would result in a less significant increase
in the manufacturer’s and the retailer’s profits in the supply chain. Thus, the profit-cost ratio
becomes smaller and the policy is less cost effective.

For the Chinese policy and normally-distributed consumers’ valuations, we can analytically
derive the above result; see online Appendix H. For the U.S. policy, however, it is intractable to
show the above result. Moreover, we find that, for each value of oy, the comparison between the
U.S. and the Chinese policies shows similar results as those for the impact of the sales tax rate

and the market share of the Type-L automobile.

Remark 7 If the standard deviation of the consumers’ valuations is larger (i.e., consumers’ valu-
ations become more diverged), then both policies are less effective in improving the sales and the
supply chain profit, which means that the policies is of less significance to benefit the manufacturer
and the retailer. But, if the standard deviation is within a moderate range (e.g., o9 < 4,500 in
our sensitivity analysis), then the government may choose the Chinese policy when aiming at a

cost-effective policy. W

5.2.5 Robustness of the Sensitivity Analysis Results

For our numerical experiments, we have used normal distributions for consumers’ valuations. To
test the robustness of our numerical results and managerial insights, we consider the case in which
consumers’ valuations satisfy a gamma distribution Gamma(k, k2). We let the shape parameters
k1 of the Type-L and the Type-H automobiles be k;, = 49 and ky = 69, and the scale parameter
ko = 535 for both automobiles. Correspondingly, the consumers’ valuations have the mean E(61,) =
$26,215 and standard deviation o7, = $3,745 for the Type-L automobile and E(0y) = $36,915
and oy = $4, 444 for the Type-H automobile. Other parameters are kept the same as those in
the above numerical analysis. The results for the impact of the decision variables of the U.S. and
the Chinese policies, the sales tax rate, and the market share of each automobile are presented in
online Tables H, I, and J (see Appendix B), respectively, which indicate that all the managerial
insights that we obtained under the normal distribution still hold under the gamma distribution.
In addition, we investigate the impact of the shape parameter by increasing kg from 65 to 74 and
kg, from 45 to 54, both in increments of 1; we also examine the impact of the scale parameter by

increasing ks for both types of automobiles from 503 to 575 in steps of 8. We present the results
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in online Tables K and L, which indicate managerial implications similar to those for the impacts
of the mean and standard deviation of normally-distributed consumers’ valuations. Therefore, our

managerial insights still hold when consumers’ valuations satisfy a gamma distribution.

5.2.6 Summary of Major Managerial Insights

We can draw the following major insights from the above sensitivity analysis.

1. When the U.S. tax reduction policy is adopted, a government can effectively influence auto-
mobile sales by setting the cutoff level up to a certain limit. Under the Chinese policy, the
government can directly reduce the sales tax rate and generate a greater increase in sales and
supply chain profit than those under the U.S. policy.

2. Both policies are more effective in improving the sales of high-end automobile than those of
low-end automobile. But, the U.S. policy is better in improving the sales of high-end auto-
mobile, whereas the Chinese policy is better in improving those of the low-end automobile.
Moreover, the U.S. policy is more effective in increasing the supply chain profit.

3. The effectiveness of both policies in improving the sales and the supply chain profit increases
with the sales tax rate, but it decreases when consumers’ valuations for automobiles are
higher or become more diverged.

4. Both policies are less effective in improving the supply chain profit as the Type-L automobile’s

market share increases.

6 Extensions

We consider two important extensions, which are (i) consumers’ choices between two automobiles

and (ii) the analysis of the problem with a strategic manufacturer.

6.1 Consumers’ Choices Between Two Automobiles

We have considered the case where two automobiles have their individual market segments, and
consumers in each segment would only choose the automobile in that segment. The underlying
assumption is that consumers are divided into two segments ex ante according to their choices
between two automobiles. That is, a consumer in the Type-H (or Type-L) automobile segment has
a higher net gain from purchasing the Type-H (or Type-L) automobile than that from the Type-L
(or Type-H) automobile. We now consider an extension by explicitly modeling consumers’ choices

between the two automobiles.

6.1.1 Negotiated Retail Price, Sales, and Profit under Each Policy

In practice, consumers’ valuations for the two types of automobiles (i.e., ; for j = H,L) can
be correlated with each other. We thus assume that 6y and 61 are jointly distributed with the
bivariate probability density function f(0x,60r) as

O, 00) = 5 exp (~50-nvio-),
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where 0 = [07,01]7 denotes a random vector; pu = [ug, pr]? = [E(0g), E(0L)]7 is the vector of the
consumers’ mean valuations on the Type-H and the Type-L automobiles; |V] is the determinant

of the 2 x 2 covariance matrix V. The matrix V is written as,

2
_ OH POHOL,
V = ) ,
pPoHOL o7,

where 0 (j = H, L) denote the standard deviations of 6; and p is the correlation coefficient between
Or and 1. The bivariate cumulative distribution function is F\(0,0r).

For the U.S. policy, using the result in Section 3.1.1, we find that when a consumer buys a
Type-j automobile (j = H, L), the consumer receives a net gain u(p;;6;,v) = 6; — (1 +1t) x p; +
7v; X t x min(A, p;), and the retailer obtains the after-tax profit 7z(p;) = (1 — T')(p; — w;), where
pj and w; represent the retail and the wholesale prices of the Type-j automobile. To simplify
our analysis, we assume the retailer’s bargaining powers for the two automobiles are equal, i.e.,
kg = k1. The GNB model for the bargaining of the Type-j automobile retail price in (1) becomes:

max,,  Aj = [0 — (1+t)p; + vt min(A4, p;) — u9]'*[(1 = T)(p; — wy) — v}]"

37
st. 0; — (1+1¢t)p; + st min(A, p;) > u? and (1 -T)(p; —wj) > v;-], (87)

where ug = max{u(pk; 0k, v:),0} and v;-] = max{(1 — T)(px — wg),0} (k = H,L;k # j) are the
consumer’s and the retailer’s disagreement payoffs for the Type-j automobile, respectively. Then
we can find the negotiated retail price p; when the consumer chooses to buy a Type-j automobile
as in online Appendix I.1.

Similarly, for the Chinese policy, we derive the negotiated retail price ]3;- when the consumer
chooses to buy a Type-j automobile as in online Appendix 1.2. Then, for each policy, we can use
the negotiated retail price to derive the expected sales for each automobile and the expected profits

of the manufacturer, the retailer, and the supply chain, and calculate the profit-cost ratio.

6.1.2 Sensitivity Analysis Comparing the U.S. and the Chinese Policies

Similar to Section 5.2, we perform a sensitivity analysis to compare the impact and cost effective-
ness of the U.S. and the Chinese policies based on the consumer choice assumption. We consider
a market with B = 10,000 potential consumers, who may purchase one of the two types of auto-
mobiles. For the case of correlated valuations, we do not impose a market size for each type of
automobile; we use similar parameter values as those in Section 5.2 and assume p = 0.5.

The numerical results are presented in online Tables U-X, from which we can draw similar
conclusions and insights as those in Section 5.2. In addition, we find that, no matter whether the
U.S. or the Chinese policy is implemented, the increase in the sales of the Type-H automobile is
always higher than that of the Type-L automobile. This is attributed to the fact that under a tax
reduction policy, each consumer can gain a greater tax reduction amount from buying the Type-H
automobile than the Type-L automobile.

We investigate the impact of the correlation coefficient p of consumers’ valuations on two
automobile types by changing p from —0.8 to 0.8 in steps of 0.2. Most of the insights we obtained
for positive values of p remain unchanged. We also find that when the value of p is very small,

a consumer’s valuations on the two automobile types are strongly and negatively associated, and
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the consumer has a strong preference for one automobile and makes a purchase accordingly. Thus,
the sales of both automobiles are high. As p increases, the preference becomes weaker and more
consumers may not prefer to buy any automobile type, resulting in a reduction in the total sales.
When a positive value of p becomes higher, a consumer with a higher (or lower) valuation on
the Type-H automobile also has a higher (or lower) valuation on the Type-L automobile, which
implies that an increase in the consumer’s valuation on the Type-H automobile may not induce the
consumer to buy the Type-H automobile, because the wholesale price of the Type-L automobile
is lower. It thus follows that when the value of p increases, the sales of the Type-H automobile
become significantly smaller than those of the Type-L automobile, as indicated by our numerical
results in Table Y in online Appendix I.3.

When a tax reduction policy is implemented, a consumer can enjoy a higher tax reduction
from buying the Type-H automobile than that from buying the Type-L automobile, thus having
a greater incentive to change the purchase choice to the Type-H automobile. This is more likely
to happen when the consumer’s valuations for the two automobiles are less negatively or more
positively correlated, and as a result, both the U.S. and the Chinese policies are more effective
in improving the sales of the Type-H automobile, as shown in online Table Y. Moreover, we
find that both policies are the most effective in improving the sales of the Type-L automobile
when p takes a moderate positive value. This result could be interpreted as follows: When the
value of p is sufficiently small, a consumer’s valuation drawn from buying the Type-H automobile
has no significant positive relationship with that from buying the Type-L automobile. Any tax
reduction policy does not significantly influence each consumer’s purchase choice between the two
automobiles. Thus, as the value of p increases, each consumer with a high valuation on the Type-
L automobile is more likely to buy the Type-L automobile rather than the Type-H automobile.
However, when the value of p is sufficiently high (close to 1), the consumer’s valuations on two
automobile types are highly interdependent, which reduces the impact of a tax reduction policy
on the sales of the Type-L automobile because the tax reduction is smaller for the purchase of the
Type-L automobile than for the purchase of the Type-H automobile.

We also learn that, when p becomes larger, both the U.S. and the Chinese policies can more
significantly improve the sales of the Type-H automobile, and are thus more effective in improving
the profit of the automobile supply chain. Moreover, for any value of p, the Chinese policy is more
cost effective than the U.S. policy, whereas the U.S. policy can induce a slightly larger (smaller)
increase in the supply chain profit when p is positive (negative).

One may note that most of our results generated by the analysis of separate market segments
are preserved after we introduce the consumer choice. This occurs because incorporating the
correlation of consumer’s valuations on two automobile types in our analysis will only result in
consumer’s choices between two automobiles, and the different impact of a tax reduction policy on

consumer’s valuations for different automobiles will only affect the choice.

6.2 A Procedure for Numerical Investigation with a Strategic Manufacturer

In Section 3.1.2, we assume that the manufacturer’s wholesale price is exogenously given. Even
though relaxing this assumption will make the analysis of most issues intractable, we can still
develop a procedure for numerical investigation. That is, if we consider a strategic manufacturer,

then we have to perform numerical experiments using the following five steps.
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1. Given a manufacturer’s wholesale price w and a tax reduction policy, we find the price
negotiated between a consumer and the retailer. Then, using the negotiated price, we derive
the demand function and the manufacturer’s expected profit function. In this step, we can
find analytical results as shown in Section 3.1.

2. We maximize the manufacturer’s expected profit to find the optimal wholesale price under
the tax reduction policy. For the U.S. policy, we can find from the manufacturer’s profit
function in (7) that the optimal wholesale price is a unique solution to the equation

(w—c) Zj:ll{@‘f(éi)[l + (1 =%t} = Z:ll {51‘ (1 - F(@'))} ,
where 0; = 14+ (1 —)tjw.
For the Chinese policy, we can find from the manufacturer’s profit function in (29) that the

optimal wholesale price is a unique solution to the equation
(w—c)[1 + (1 - a)t)f(0) =1 - F(9),

where 6 = [1 4 (1 — a)t]w.
Since we cannot find a closed-form solution for w from each of the above two equations, all
subsequent analysis needs to be conducted numerically.

3. Using the optimal wholesale price, we calculate the expected sales, the manufacturer’s and
the retailer’s expected profits, and the system-wide expected profit under the tax reduction
policy.

4. For the case when the policy is not implemented, we repeat the analysis in Steps 1 to 3
but let all 4y = 0 for the U.S. policy and a = 0 for the Chinese policy. We compute
the manufacturer’s optimal wholesale price, and find the corresponding manufacturer’s and
retailer’s expected profits, and system-wide expected profit.

5. Comparing the results in Steps 3 and 4, we can calculate the sales increase, system-wide profit
increase, and the government’s expense under the policy, which are then used to evaluate the
cost effectiveness of the policy.

To gain insights into how the effectiveness of a tax reduction policy is affected by the presence of

a strategic manufacturer, we provide Examples 8 and 9 in online Appendix E for the U.S. and the
Chinese policies, respectively. The two examples show that a strategic manufacturer responds to
the implementation of each policy by raising its wholesale price and gains a higher profit. Although
a tax reduction policy can improve the sales and the profits of the retailer and the supply chain, the
policy’s impact on the sales and profits is less than that when the manufacturer fixes its wholesale
price. Because a strategic manufacturer only changes the wholesale price under a tax reduction

policy, our findings and managerial insights for the case of an exogenous wholesale price still hold.

7 Summary and Concluding Remarks

In this paper, we investigate the impact and cost effectiveness of the tax reduction policies imple-
mented by the U.S. and China to stimulate consumer purchase of new automobiles in their markets.
For our analysis, we consider a two-level automobile supply chain involving a manufacturer and a

retailer who serves heterogenous consumers in a market. We use the GNB concept to characterize
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the negotiated retail price, and then compute the expected sales, and the manufacturer’s and the
retailer’s expected profits. We analytically determine the effectiveness of both the U.S. and the
Chinese policies in increasing the sales and improving the profitability of the automobile supply
chain.

We then propose a two-stage approach to (i) find the (necessary and) sufficient condition for
a cost effective tax reduction policy, and (ii) determine the maximum target values (i.e., the sales
increase and the system-wide after-tax profit increase) that the policy can achieve, and find the
corresponding budget for the feasible targets that do not exceed the maximum target values. We
show that the U.S. policy is more likely to be cost effective if the retailer has a strong position
to bargain with consumers over the retail prices. The Chinese policy could be cost effective even
when the retailer has a weak bargaining position. According to the retailer’s bargaining power in
the automobile market, the Chinese government can choose a proper tax reduction percentage to
assure the cost effectiveness of its policy.

Our sensitivity analysis based on real data generates the following results. Both the U.S. and
the Chinese policies are more effective in improving the sales of high-end automobile than the sales
of low-end automobile. The U.S. policy is better than the Chinese policy in increasing the sales
of high-end automobiles whereas the Chinese policy is better than the U.S. policy in increasing
the sales of low-end automobiles. The U.S. policy results in a greater increase in the profit of the
automobile supply chain, whereas overall the Chinese policy is more cost effective in terms of the
profit-cost ratio. A high sales tax rate can greatly increase the effectiveness of both policies in
increasing the sales and the supply chain profit and improve the cost effectiveness of both policies.
Moreover, a large mean value or a large dispersion of the consumers’ valuations could significantly
reduce the impact and cost effectiveness of both policies.

Both the U.S. and the Chinese tax reduction policies are useful for enticing consumers to pur-
chase new automobiles and increasing the profitability of the automobile supply chain. We provide
a methodology to determine this impact and the cost effectiveness of these policies. Although our
discussions on the policies are motivated by the practices of the U.S. and China (who responded
to the recent global economic recession), our analytic approach and the real data-based sensitivity
analysis should be useful for any government who intends to choose a proper tax reduction policy
to stimulate a market and improve the profitability of an industry.

We note that the Chinese policy was implemented in a weaning away process (i.e., reducing the
sales tax rate from 10% to 5% in 2009 and to 7.5% in 2010). By implementing a tax reduction policy
in a weaning away process, a government can gradually reduce the dependency of an industry on its
policy and mitigate the shock to the industry when the policy is no longer available. Moreover, the
government’s weaning-away process is also ascribed to the uncertainties of the outcome of the policy.
For the sales stimulation, a government usually sets a target (e.g., the sales increase) in order to
determine its budget, and decides on an implementation period. But, the outcome may be different
from what the government desires due to the following two facts. First, when the government
designs a policy, it could be difficult for the government to accurately estimate certain parameter
values (e.g. consumers’ valuations on the automobile), because those parameters are affected
by, e.g., the economic conditions and consumer confidence, and thus vary over time. Second, the
uncertainties such as the changing market conditions also exist during the implementation progress.

It thus follows that the government may take more than one phase to implement its policy. At the
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first phase, if the policy turns out to be more effective than expected, then the government may
want to continue but provide less incentive to reduce the cost incurred for the policy. Otherwise,
if the policy is not as effective as expected, the government may enhance the incentive to meet
the overall target. In the situation with a weaning-away process, we can use our model and

methodology in this paper to analyze each phase of the process during the implementation period.
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Appendix A References for Major Model Assumptions

Model
Consumer utility model
(Willingness-to-pay model)
GNB scheme for the negotiated
retail price

Reference
Chen et al. [8], Desai and Purohit [10], Desai and Purohit [11],
Huang et al. [20], Iyer [21], Purohit [27]
Chen et al. [8], Desai and Purohit [11]

Reference
As reported by Edmunds.com [13], the average retail price of a car
or truck in the U.S. in 2009 was $28,492, we can reasonably assume the
average valuation F(0) of consumers is the average retail price $28,492
plus the sales tax 5% x $28,492 = $1,424.6. That is, F(0) = $29,916.6.

Model Parameter
Average valuation of consumers,
E(0) = $29,916.6

Standard deviation of consumers’

valuations op = $4,000

Using the data of individual consumer purchases of three popular
automobiles in the U.S., Chen et al. [8] found that the standard
deviations of consumers’ valuations for three popular automobiles
are between $2,100 and $6,600. Thus, s = $4, 000.

Retailer’s bargaining power
k=04

Using the data of individual consumer purchases of three popular
automobiles in the U.S., Chen et al. [8] estimated that the
bargaining powers of dealers for three automobiles are between
0.384 and 0.453. Since the retailer may have a lower bargaining
power during the economic recession because of the pressure

of disposing excess inventory, we assume that x = 0.4.

Wholesale price w = $27,000

Edmunds . com [13] reported that the average retail price of a
car or truck in the U.S. in 2009 was $28,492. Albuquerque and
Bronnenberg [1] found that retailers’ average gross margin

is approximately $1,600. Thus, we assume that w = $27, 000.
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Appendix B Data and Sensitivity Analysis Results

Table A: Panel A indicates the 2009 federal tax rate schedule for qualifying single and joint filers
under the U.S. automobile tax reduction policy. Panel B presents the percentage distribution of
U.S. single filers’ taxable incomes and that of joint filers’ taxable incomes in 2009. Let I denote

the taxable income.

Panel A
2009 Taxable Income Bracket ($)

Estimated Federal Tax Rate Single Filers Joint Filers
10% 0<1<8,350 0<1<16,700
15% 8,350 < I < 33,950 16,700 < I < 67,900
25% 33,950 < I < 82,250 | 67,900 < I < 137,050
28% 82,250 < I < 135,000 | 137,050 < I < 208,850
33% — 208,850 < I < 260,000

Panel B

2009 Taxable Income Distribution

Income Range

Single Filers

Joint Filers

bp =0 <1 <b; =9$10,000

Percy = 27.76%

Perc] = 17.77%

by < I <by=$25,000

Percy = 20.15%

Percy = 0.69%

by < I < b3 = $40,000

Percg = 19.50%

Perc] = 5.65%

bs < I < by = $75,000

Perc; = 23.35%

Perc] =24.51%

by < I <bs = $100,000

Percgg = 4.78%

Percg] = 18.36%

bs < I < bg = $200,000

Percg = 3.59%

Perc] = 25.38%

bg < I < by = $500,000

Perc;q = 0.70%

Percg = 6.25%

b7 < I < bg = $1,000,000

Percs = 0.11%

Perc = 0.95%

bg < I < by =0

Percs = 0.07%

Percy = 0.44%

Percentage of Total Filers

57.57%

42.23%
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Table B: The correlation coefficient r between the sales and the profit of the U.S. and the Chinese
automobile manufacturers. Note that the empirical data for the two U.S. manufacturers are ob-
tained from the firms’ annual reports, and those for the two Chinese manufacturers are retrieved
online from http://stockdata.stock.hexun.com.

The U.S. Automobile Manufacturers The Chinese Automobile Manufacturers

GM DaimlerChrysler Shanghai Auto Co. Dongfeng Auto Co.
Year Sales Profit Sales Profit Sales Profit Sales Profit

( x 10%) ( x 10% in U.S.$) (% 10%) ( x 10% in €) ( x 10%) ( % 10% in ¥) ( x 10%) ( x 10% in ¥)
2001 8,037 445 2,756 22,338 320 965 28 -20
2002 8,411 1,988 2,823 25,225 577 1,149 64 -70
2003 8,098 553 2,638 23,460 797 1,649 66 186
2004 8,984 11,226 2,780 24,362 848 1,923 61 1,123
2005 9,179 1,341 2,813 17,127 1,056 1,179 107 1,315
2006 9,093 7,328 2,655 18,901 1,344 5,636 126 1,146
2007 9,370 12,576 2,100 22,520 1,691 14,555 150 1,410
2008 8,362 -1,525 2,100 20,109 1,826 12,170 171 1,523
2009 7,477 -8,079 1,600 12,660 208 1,724
T 0.85 0.62 0.89 0.85
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Table C: Normal Distribution for Consumers’ Valuations: In Panel A, we calculate the expected
sales of each type of automobile (Dy and Dy), the retailer’s and the manufacturer’s expected
profits (Il and IIj;), the system-wide profit (IT), and the profit-cost ratio (¢) for the U.S. and the
Chinese policies in the current U.S. setting. In Panel B, we provide the results for the sensitivity
analysis on the cutoff level A (for the U.S. policy only). Note that A > wy. In Panel C, we provide
the results for the sensitivity analysis on the tax reduction percentage o (for the Chinese policy

only).
Panel A
Policy Sales of Type-H Sales of Type-L Retailer’s Profit Manufacturer’s System-wide Profit-Cost

Automobile Automobile (x107) Profit (x107) Profit (x107) Ratio
U.S. 1982.59 4198.03 0.6559 2.0029 2.6588 1.0504
Chinese 1970.92 4206.96 0.6548 2.0012 2.6560 1.0552

Panel B

Impact of the U.S. Policy
A Dy Dy, Mg (x107) T (x107) I (x107) ¢

34500 1982.59 4198.03 0.6539 2.0029 2.6568 1.0478
37000 1982.59 4198.03 0.6555 2.0029 2.6584 1.0480
39500 1982.59 4198.03 0.6559 2.0029 2.6588 1.0504
42000 1982.59 4198.03 0.6559 2.0029 2.6588 1.0504
44500 1982.59 4198.03 0.6559 2.0029 2.6588 1.0504
47000 1982.59 4198.03 0.6559 2.0029 2.6588 1.0504
49500 1982.59 4198.03 0.6559 2.0029 2.6588 1.0504
52000 1982.59 4198.03 0.6559 2.0029 2.6588 1.0504
54500 1982.59 4198.03 0.6559 2.0029 2.6588 1.0504
57000 1982.59 4198.03 0.6559 2.0029 2.6588 1.0504

Panel C

Impact of the Chinese Policy
« DH f)L HR (X107) H]u (X107) 11 (X107) ¢

10% 1930.13 4136.68 0.6315 1.9648 2.5963 1.0802
18% 1967.92 4201.77 0.6531 1.9985 2.6516 1.0570
18.64% 1970.92 4206.96 0.6548 2.0012 2.6560 1.0552
25% 2000.57 4258.39 0.6724 2.0277 2.7001 1.0375
26% 2005.20 4266.46 0.6752 2.0319 2.7071 1.0348
34% 2041.93 4330.72 0.6978 2.0649 2.7627 1.0135
42% 2078.08 4394.51 0.7209 2.0976 2.8185 0.9932
50% 2113.62 4457.81 0.7444 2.1300 2.8744 0.9738
58% 2148.51 4520.58 0.7685 2.1619 2.9304 0.9552
66% 2182.73 4582.79 0.7931 2.1934 2.9865 0.9373
74% 2216.25 4644.41 0.8183 2.2244 3.0427 0.9203
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For the U.S. policy, the results in Panel B of Table C indicate that, when the cutoff level A is
sufficiently large and falls in the range [34, 500, 57,000], an increase in A will have little impact on
the expected sales of the Type-H and Type-L automobiles, the expected profits of the retailer, the
manufacturer, and the supply chain, as well as the cost effectiveness of the policy.

For the Chinese policy, we plot the results in Panel C of Table C to illustrate the impact of the
tax reduction percentage c.

Sales Profit{=10")
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4500 M 3 | __—._‘.E_.___.__-
& o ®
et ¢ M M
1000 4 15{ ™ i
i .
3500 I N R N N ’ N " - - +
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2500 BH ra
1 1 g
2000 + ‘___‘_‘__‘_‘__.‘_—‘——‘__‘__‘__‘ ) . ) o
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10% 18% 18.64% 25% 26% 34% 42% S0% 58% 66% 74% (x 10% 18% 18.64% 25% 26% 34% 42% 50% 58% 66% 74% (L
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14
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10% . 18% .18.64%: 25% I 26% I 34% I 42% I 50% I 58% I 66% I 7% IU_
(c)
Chinese Policy: The impact of the tax reduction percentage o on: (a) the expected sales Dy and
Dy, (b) the retailer’s expected profit Iz, the manufacturer’s expected profit 17, and the
system-wide expected profit II, and (c) the profit-cost ratio ¢.
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Table D: Normal Distribution for Consumers’ Valuations: A sensitivity analysis on the sales tax
rate t. Each number inside the brackets is the percentage change in the value (which is given

outside the brackets) after a tax reduction policy is implemented.

Impact of the U.S. Policy
t Dy Drp, IIr (X107) I (X107) 11 (X107) ¢
1% 2258.07 (0.765%) 4716.85 (0.568%) 0.8497 (1.467%) 2.2618 (0.642%) 3.1115 (0.866%) 0.9088
2% | 2193.11 (1.668%) | 4590.67 (1.201%) | 0.7981 (3.032%) | 2.1996 (1.375%) | 2.9978 (1.811%) | 0.9421
3% 2125.40 (2.721%) 4461.96 (1.903%) 0.7487 (4.702%) 2.1356 (2.207%) 2.8843 (2.843%) 0.9769
4% 2055.14 (3.937%) 4330.98 (2.679%) 0.7013 (6.484%) 2.0700 (3.144%) 2.7712 (3.969%) 1.0131
5% 1982.59 (5.332%) | 4198.03 (3.532%) | 0.6559 (8.384%) | 2.0029 (4.193%) | 2.6588 (5.196%) | 1.0504
6% 1907.99 (6.920%) | 4063.43 (4.467%) | 0.6126 (10.409%) | 1.9345 (5.361%) 25471 (6.532%) | 1.0889
7% 1831.65 (8.718%) 3927.48 (5.487%) 0.5713 (12.569%) 1.8651 (6.655%) 2.4364 (7.985%) 1.1283
8% 1753.89 (10.746%) | 3790.51 (6.599%) | 0.5320 (14.870%) 1.7949 (8.082%) 2.3268 (9.562%) 1.1684
0% | 1675.04 (13.022%) | 3652.87 (7.807%) | 0.4946 (17.321%) | 1.7240 (9.651%) | 2.2186 (11.272%) | 1.2090
10% 1595.44 (15.568%) 3514.89 (9.117%) 0.4591 (19.930%) 1.6528 (11.368%) 2.1119 (13.124%) 1.2498
Impact of the Chinese Policy
t Dy Dy, Ir (x107) Iy (x107) 11 (x107) &
1% | 2256.04 (0.675%) | 4718.50 (0.603%) | 0.8495 (1.439%) | 2.2616 (0.630%) | 3.1111 (0.850%) | 0.9105
2% 2188.88 (1.472%) | 4594.05 (1.276%) | 0.7977 (2.973%) 2.1990 (1.349%) 2.9967 (1.776%) | 0.9443
3% 2118.82 (2.403%) 4467.14 (2.022%) 0.7480 (4.608%) 2.1347 (2.163%) 2.8827 (2.787%) 0.9798
1% 2046.08 (3.479%) | 4338.01 (2.846%) | 0.7004 (6.350%) 2.0687 (3.080%) 2.7691 (3.888%) | 1.0168
5% 1970.92 (4.712%) | 4206.96 (3.752%) | 0.6548 (8.206%) 2.0012 (4.105%) 2.6560 (5.087%) | 1.0552
6% 1893.63 (6.115%) 4074.25 (4.745%) 0.6113 (10.182%) 1.9324 (5.244%) 2.5437 (6.390%) 1.0948
7% 1814.53 (7.702%) 3940.20 (5.829%) | 0.5699 (12.287%) 1.8625 (6.506%) 2.4324 (7.806%) 1.1356
8% 1733.97 (9.488%) [ 3805.10 (7.010%) [ 0.5304 (14.528%) [ 1.7918 (7.896%) 23221 (9.342%) | 1.1774
9% | 1652.30 (11.487%) | 3669.28 (8.292%) | 0.4929 (16.911%) | 1.7204 (9.421%) | 2.2133 (11.005%) | 1.2200
10% 1569.90 (13.719%) | 3533.06 (9.681%) | 0.4573 (19.446%) 1.6486 (11.090%) | 2.1059 (12.803%) 1.2631
Dy D,
16% - 10% -
14% u.s. 9% -
8% - China
12% -
7%
10% - China 6% - u.s.
8% - 5%
6% - 4% -
3% =
4% -
2% -
2% - 135
0% r r r r T T T T T v, 0% r r r T T T T 1
1% 2% 3% 4% 5% 6% 7% 8% 9% 10% | 1% 2% 3% 4% 5% 6% 7% 8% 9% 10% |
. (a) (b)
M1(=107) ¢
14% - 1.3 1
12% - u.s. ‘ 125 China
10% China 1.2 A Us.
115 A
8% -
1.1 1
5% -
1.05 -
4% - 14
2% 095 -
0% T T T T T T T T T 1 0.9 - T T T T T T T 1
1% 2% 3% 4% 5%( }5% 7% 8% 9% 10% t 1% 2% 3% 4% 5% (d)s% 7% 8% 9% 10% t
c

The impact of the sales tax rate ¢ on: (a) the percentage change in Dy, (b) the percentage
change in Dy, (c) the percentage change in II, and (d) the profit-cost ratio ¢.
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Table E: Normal Distribution for Consumers’ Valuations: A sensitivity analysis on the market
share of the Type-L automobile. Each number inside the brackets is the percentage change in the
value (which is given outside the brackets) after a tax reduction policy is implemented.

Impact of the U.S. Policy
Market Share 7 7 7
of Type-L Auto Dy Dy, IIr (XlO ) IIar (><10 ) II (><10 ) (;5
10% 5913.92 (4.733%) 599.72 (3.532%) 0.7198 (9.568%) 2.3976 (4.642%) 3.1174 (5.739%) 1.0915
20% 5258.70 (4.770%) 1199.44 (3.532%) 0.7091 (9.384%) 2.3318 (4.577%) 3.0410 (5.660%) 1.0858
30% 4603.48 (4.818%) 1799.16 (3.532%) 0.6985 (9.195%) 2.2661 (4.509%) 2.9645 (5.576%) 1.0797
40% 3948.25 (4.882%) 2398.88 (3.532%) 0.6878 (9.000%) 2.2003 (4.437%) 2.8881 (5.489%) 1.0732
50% 3293.03 (4.972%) 2998.60 (3.532%) 0.6772 (8.800%) 2.1345 (4.360%) 2.8117 (5.396%) 1.0662
60% 2637.81 (5.107%) 3598.31 (3.532%) 0.6665 (8.595%) 2.0687 (4.279%) 2.7352 (5.299%) 1.0586
70% 1982.59 (5.332%) 4198.03 (3.532%) 0.6559 (8.383%) 2.0029 (4.193%) 2.6589 (5.196%) 1.0504
80% 1327.36 (5.781%) 4797.75 (3.532%) 0.6453 (8.166%) 1.9371 (4.101%) 2.5824 (5.088%) 1.0416
90% 672.14 (7.219%) 5397.47 (3.532%) 0.6346 (7.942%) 1.8713 (4.002%) 2.5059 (4.973%) 1.0320
Impact of the Chinese Policy
Market Share ~ ~ - 7 - 7 - 7 -
of Type-L Auto Dy Dy, IIgr (x10°) IIn (x107) II (x10°) ¢
10% 5912.77 (4.712%) 600.99 (3.752%) 0.7194 (9.513%) 2.3976 (4.639%) 3.1170 (5.725%) 1.0998
20% 5255.80 (4.712%) 1201.99 (3.752%) 0.7086 (9.310%) 2.3315 (4.563%) 3.0401 (5.632%) 1.0936
30% 4598.82 (4.712%) 1802.98 (3.752%) 0.6979 (9.100%) 2.2655 (4.481%) 2.9633 (5.534%) 1.0871
40% 3941.85 (4.712%) 2403.97 (3.752%) 0.6871 (8.886%) 2.1994 (4.395%) 2.8865 (5.430%) 1.0800
50% 3284.87 (4.712%) 3004.97 (3.752%) 0.6763 (8.666%) 2.1333 (4.304%) 2.8097 (5.322%) 1.0724
60% 2627.90 (4.712%) 3605.96 (3.752%) 0.6656 (8.439%) 2.0673 (4.208%) 2.7328 (5.207%) 1.0641
70% 1970.92 (4.712%) 4206.96 (3.752%) 0.6548 (8.206%) 2.0012 (4.105%) 2.6560 (5.087%) 1.0552
80% 1313.95 (4.712%) 4807.95 (3.752%) 0.6441 (7.966%) 1.9351 (3.995%) 2.5792 (4.959%) 1.0454
90% 656.97 (4.712%) 5408.94 (3.752%) 0.6333 (7.719%) 1.8690 (3.878%) 2.5024 (4.818%) 1.0347
[1(x107) b
5.8% 1 111 4
1.1 A
5.6% -
1.09 <
4% u.s. 1.08 1 China
1.07 7
5.2% -
1.06 u.s.
5.0% - China 1.05 o
1.04
4.8% -
1.03 7
4.6% T T T T T T T T 1 1.02 T T T T T T T T 1
10% 20% 30% 40% 50% 60% 70% 80% 90% 10% 20% 30% 40% S50% 60% 70% B80% 90%
(a) Share (b) Share

The impact of the market share of the Type-L automobile on: (a) the percentage change in II,
and (b) the profit-cost ratio ¢.

Note that the effectiveness of the U.S. policy in improving the sales Dy depends on the market
share of the Type-L automobile, which, however, does not affect its effectiveness in improving Dy, .
This occurs because we have fixed the income tax rate distribution of consumers in the Type-L
automobile market segment so that the income tax rate distribution of consumers in the Type-
H automobile market segment varies with the market share. Therefore, if the income tax rate
distribution of consumers of an automobile type is independent of the market share, then the
effectiveness of the U.S. policy in improving the sales of this automobile does not vary with the
market share. Moreover, the effectiveness of the Chinese policy in improving the sales of each
automobile type is independent of the market share of the Type-L automobile.
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Table F: Normal Distribution for Consumers’ Valuations:

A sensitivity analysis on the means

E(0g) and E(01) of the consumers’ normally-distributed valuations 6z on the Type-H automobile
and 01, on the Type-L automobile. Each number inside the brackets is the percentage change in
the value (which is given outside the brackets) after a tax reduction policy is implemented.

Impact of the U.S. Policy

Case E(QH) E(@L) Dy Dy, HR(X107) HM(X107) H(X107) )
1 35,000 | 24,000 | 1398.39 (8.266%) | 2816.41 (5.301%) | 0.3560 (10.452%) | 1.3693 (6.417%) | 1.7253 (7.226%) | 1.5262
2 35,500 | 24,500 | 1547.80 (7.473%) | 3159.29 (4.828%) 0.4203 (9.898%) 1.5282 (5.817%) | 1.9485 (6.672%) | 1.3891
3 36,000 25,000 1696.47 (6.718%) 3507.45 (4.375%) 0.4917 (9.369%) 1.6884 (5.246%) 2.1801 (6.148%) 1.2648
4 36,500 | 25,500 | 1842.12 (6.004%) | 3855.49 (3.943%) 0.5703 (8.864%) 1.8474 (4.704%) | 2.4177 (5.656%) | 1.1522
5 37,000 | 26,000 | 1982.59 (5.332%) | 4198.03 (3.532%) 0.6559 (8.384%) 2.0029 (4.193%) | 2.6588 (5.196%) | 1.0504
6 37,500 | 26,500 | 2115.97 (4.702%) | 4529.94 (3.144%) 0.7484 (7.928%) 2.1525 (3.713%) | 2.9008 (4.769%) | 0.9588
7 38,000 27,000 2240.66 (4.117%) 4846.57 (2.779%) 0.8474 (7.497%) 2.2942 (3.265%) 3.1416 (4.373%) 0.8764
8 38,500 | 27,500 | 2355.43 (3.576%) | 5143.95 (2.439%) 0.9526 (7.090%) 2.4265 (2.850%) | 3.3790 (4.011%) | 0.8028
9 39,000 | 28,000 | 2459.43 (3.080%) | 5418.93 (2.123%) 1.0634 (6.707%) 2.5480 (2.468%) | 3.6114 (3.680%) | 0.7373
10 39,500 | 28,500 | 2552.20 (2.629%) | 5669.25 (1.833%) 1.1795 (6.348%) 2.6579 (2.118%) | 3.8374 (3.382%) | 0.6794
Impact of the Chinese Policy
Case | E(0m) | E(01) D Dy, Tr(x107) T (x107) T(x107) &
1 35,000 | 24,000 | 1385.54 (7.272%) | 2825.09 (5.626%) | 0.3551 (10.191%) | 1.3671 (6.245%) | 1.7222 (7.036%) | 1.5345
2 35,500 | 24,500 | 1534.97 (6.581%) | 3168.24 (5.125%) 0.4194 (9.661%) 1.5261 (5.670%) | 1.9454 (6.505%) | 1.3962
3 36,000 | 25,000 | 1683.85 (5.924%) | 3516.53 (4.645%) 0.4907 (9.153%) 1.6864 (5.120%) | 2.1771 (6.003%) | 1.2709
1 36,500 | 25,500 | 1829.89 (5.300%) | 3864.56 (4.187%) | 0.5692 (8.668%) | 1.8456 (4.598%) | 2.4148 (5.530%) | 1.1575
5 37,000 | 26,000 | 1970.92 (4.712%) | 4206.96 (3.752%) 0.6548 (8.206%) 2.0012 (4.105%) | 2.6560 (5.087%) | 1.0552
6 37,500 | 26,500 | 2105.02 (4.161%) | 4538.58 (3.341%) 0.7473 (7.766%) 2.1510 (3.640%) | 2.8982 (4.673%) | 0.9630
7 38,000 | 27,000 | 2230.54 (3.647%) | 4854.81 (2.954%) 0.8462 (7.350%) 2.2929 (3.206%) | 3.1391 (4.291%) | 0.8802
8 38,500 | 27,500 | 2346.22 (3.171%) | 5151.68 (2.593%) 0.9514 (6.956%) 2.4253 (2.802%) | 3.3767 (3.939%) | 0.8062
9 39,000 28,000 2451.18 (2.734%) 5426.06 (2.258%) 1.0622 (6.585%) 2.5470 (2.429%) 3.6092 (3.618%) 0.7404
10 39,500 | 28,500 | 2544.94 (2.336%) | 5675.74 (1.950%) 1.1783 (6.236%) 2.6571 (2.088%) | 3.8353 (3.328%) | 0.6822
Dy Dy
9% 7 6% 9
8% 7
5%
7% u.s.
China
6% 7 2%
5% 7
China U.s.
4% < 3%
3% o
2%
2% 1
1% T T T T T T T 1 1% T T T T T T T T
1 2 3 4 5 B 7 8 9 10 1 2 3 4 5 B 8 9 10
_, (a) (b)
I1(x107) b
8% 7 16 7
15 4
7% 1 14 4 u.s. China
13 4
u.s.
6% o 12 4
China 11
5% o 1 4
09 -
4% 0.8 7
0.7 A
3% T T T T T T T 1 06 T T T T T T T T
1 2 3 4 5 B 7 8 9 10 1 2 3 5 B 8 9 10
(c) (d)

The impact of the mean of consumers’ valuations on: (a) the percentage change in Dp, (b) the
percentage change in Dy, (c) the percentage change in II, and (d) the profit-cost ratio ¢.
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Table G: Normal Distribution for Consumers’ Valuations: A sensitivity analysis on the standard
deviation oy of the consumers’ normally-distributed valuations 6y on the Type-H automobile and

01, on the Type-L automobile.

value (which is given outside the brackets) after a tax reduction policy is implemented.
Impact of the U.S. Policy

8%

7%

6% -

5% o

4% A

3%

3%

Each number inside the brackets is the percentage change in the

T Dy Dy, TIR(x107) T (x107) TI(x107) ¢
2000 | 2389.12 (7.306%) | 4852.42 (5.764%) | 0.4467 (14.459%) | 2.3516 (6.346%) | 2.7983 (7.563%) | 1.5187
2500 | 2239.33 (6.869%) | 4598.44 (5.020%) | 0.4961 (12.210%) | 2.2193 (5.712%) | 2.7154 (6.843%) | 1.3706
3000 | 2129.54 (6.326%) | 4423.00 (4.416%) | 0.5480 (10.576%) | 2.1255 (5.125%) | 2.6735 (6.198%) | 1.2415
3500 | 2046.78 (5.803%) | 4295.14 (3.928%) | 0.6015 (9.343%) | 2.0561 (4.620%) | 2.6576 (5.653%) | 1.1359
4000 | 1982.59 (5.332%) | 4198.03 (3.532%) | 0.6559 (8.384%) | 2.0029 (4.193%) | 2.6588 (5.196%) | 1.0504
4500 | 1931.53 (4.918%) | 4121.88 (3.205%) | 0.7110 (7.617%) | 1.9609 (3.831%) | 2.6719 (4.812%) | 0.9808
5000 | 1890.05 (4.555%) | 4060.59 (2.932%) | 0.7665 (6.990%) | 1.9269 (3.523%) | 2.6935 (4.487%) | 0.9234
5500 | 1855.72 (4.238%) | 4010.24 (2.701%) | 0.8223 (6.463%) | 1.8990 (3.259%) | 2.7213 (4.207%) | 0.8750
6000 | 1826.87 (3.959%) | 3968.15 (2.503%) | 0.8780 (5.998%) | 1.8755 (3.030%) | 2.7535 (3.958%) | 0.8325
6500 | 1802.30 (3.713%) | 3932.44 (2.332%) | 0.9329 (5.555%) | 1.8556 (2.830%) | 2.7885 (3.726%) | 0.7917
Impact of the Chinese Policy
oo D Dr Tr(x107) T (x107) T(x107) @
2000 | 2371.74 (6.525%) | 4869.33 (6.133%) | 0.4452 (14.096%) | 2.3502 (6.281%) | 2.7955 (7.453%) | 1.5516
2500 | 2223.31 (6.104%) | 4612.32 (5.338%) | 0.4948 (11.916%) | 2.2174 (5.625%) | 2.7122 (6.719%) | 1.3900
3000 | 2115.13 (5.606%) | 4434.73 (4.693%) | 0.5468 (10.332%) | 2.1236 (5.032%) | 2.6704 (6.076%) | 1.2533
3500 | 2033.84 (5.134%) | 4305.28 (4.174%) | 0.6003 (9.137%) | 2.0543 (4.528%) | 2.6546 (5.536%) | 1.1434
4000 | 1970.92 (4.712%) | 4206.96 (3.752%) | 0.6548 (8.206%) | 2.0012 (4.105%) | 2.6560 (5.087%) | 1.0552
4500 | 1920.95 (4.343%) | 4129.84 (3.405%) | 0.7100 (7.461%) | 1.9593 (3.748%) | 2.6693 (4.710%) | 0.9838
5000 | 1880.38 (4.021%) | 4067.78 (3.114%) | 0.7656 (6.853%) | 1.9255 (3.444%) | 2.6910 (4.392%) | 0.9253
5500 | 1846.84 (3.739%) | 4016.78 (2.869%) | 0.8214 (6.347%) | 1.8976 (3.185%) | 2.7190 (4.120%) | 0.8768
6000 | 1818.66 (3.492%) | 3974.15 (2.658%) | 0.8774 (5.921%) | 1.8742 (2.960%) | 2.7516 (3.886%) | 0.8360
6500 | 1794.67 (3.274%) | 3937.99 (2.476%) | 0.9330 (5.559%) | 1.8544 (2.764%) | 2.7874 (3.683%) | 0.8015
Dy D,
. 7%
6% 1
u.s.
5% -
China
43
China us.
3%
2% 1
1 1% T T T T T T T T T 1
20 25 30 35 40 45 50 B0
a(>100) (b) a(>100)
1.6 1
15 A
1.4 4 _
13/ US. China
1.2 1
1.1
14
0.9
0.8 1
T T T T T T T T T v 0.7 T T T T T T T T T 1
20 25 30 35 40 45 50 55 60 65 25 3 40 45 60 65
(c) o(*100) (d) o(*100)

The impact of the stardard deviation of consumers’ valuations on: (a) the percentage change in
Dy, (b) the percentage change in Dy, (c) the percentage change in II, and (d) the profit-cost

ratio ¢.
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Table H: Gamma Distribution for Consumers’ Valuations: In Panel A, we calculate the expected
sales of each type of automobile (Dy and Dy), the retailer’s and the manufacturer’s expected
profits (Il and IIj;), the system-wide profit (IT), and the profit-cost ratio (¢) for the U.S. and the
Chinese policies in the current U.S. setting. In Panel B, we provide the results for the sensitivity
analysis on the cutoff level A (for the U.S. policy only). Note that A > wy. In Panel C, we provide
the results for the sensitivity analysis on the tax reduction percentage o (for the Chinese policy

only).
Panel A
Policy Sales of Type-H Sales of Type-L Retailer’s Profit Manufacturer’s System-wide Profit-Cost

Automobile Automobile (x107) Profit (x107) Profit (x107) Ratio
U.S. 1875.62 4284.32 0.6650 1.9887 2.6537 1.0843
Chinese 1864.37 4294.04 0.6641 1.9874 2.6515 1.0911

Panel B

Impact of the U.S. Policy
A Dy Dy, Mg (x107) T (x107) I (x107) ¢

34500 1875.62 4284.32 0.6630 1.9887 2.6517 1.0806
37000 1875.62 4284.32 0.6645 1.9887 2.6532 1.0826
39500 1875.62 4284.32 0.6650 1.9887 2.6537 1.0840
42000 1875.62 4284.32 0.6650 1.9887 2.6537 1.0843
44500 1875.62 4284.32 0.6650 1.9887 2.6537 1.0843
47000 1875.62 4284.32 0.6650 1.9887 2.6537 1.0843
49500 1875.62 4284.32 0.6650 1.9887 2.6537 1.0843
52000 1875.62 4284.32 0.6650 1.9887 2.6537 1.0843
54500 1875.62 4284.32 0.6650 1.9887 2.6537 1.0843
57000 1875.62 4284.32 0.6650 1.9887 2.6537 1.0843

Panel C

Impact of the Chinese Policy
« DH f)L HR (X107) H]u (X107) 11 (X107) ¢

10% 1825.45 4217.28 0.6410 1.9497 2.5907 1.1166
18% 1861.50 4288.37 0.6624 1.9846 2.6470 1.0930
18.64% 1864.37 4294.04 0.6641 1.9874 2.6515 1.0911
25% 1892.83 4350.28 0.6816 2.0149 2.6965 1.0731
26% 1897.29 4359.10 0.6844 2.0192 2.7036 1.0704
34% 1932.79 4429.43 0.7069 2.0536 2.7605 1.0487
42% 1967.97 4499.31 0.7298 2.0878 2.8176 1.0278
50% 2002.80 4568.69 0.7532 2.1217 2.8749 1.0079
58% 2037.24 4637.53 0.7773 2.1552 2.9325 0.9887
66% 2071.26 4705.77 0.8018 2.1885 2.9903 0.9703
74% 2104.83 4773.38 0.8269 2.2213 3.0482 0.9527
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Table I: Gamma Distribution for Consumers’ Valuations: A sensitivity analysis on the sales tax
rate t. Each number inside the brackets is the percentage change in the value (which is given

outside the brackets) after a tax reduction policy is implemented.

Impact of the U.S. Policy
t Dy Dy, Or (x107) My (x107) I (x107) ¢
1% 2147.08 (0.816%) 4852.87 (0.606%) 0.8582 (1.443%) 2.2610 (0.680%) 3.1192 (0.889%) 0.9506
2% 2081.64 (1.753%) 4714.42 (1.284%) 0.8067 (2.978%) 2.1949 (1.450%) 3.0017 (1.856%) 0.9834
3% 2014.42 (2.818%) 4573.23 (2.038%) 0.7574 (4.607%) 2.1274 (2.314%) 2.8847 (2.906%) 1.0165
4% 1945.67 (4.020%) 4429.73 (2.871%) 0.7101 (6.334%) 2.0585 (3.276%) 2.7687 (4.043%) 1.0501
5% 1875.62 (5.367%) 4284.32 (3.787%) 0.6651 (8.166%) 1.9887 (4.340%) 2.6537 (5.273%) 1.0843
6% 1804.54 (6.866%) 4137.43 (4.788%) 0.6220 (10.108%) 1.9179 (5.512%) 2.5399 (6.601%) 1.1183
7% 1732.71 (8.526%) 3989.50 (5.878%) 0.5810 (12.165%) 1.8466 (6.795%) 2.4276 (8.033%) 1.1526
8% 1660.39 (10.358%) 3840.96 (7.061%) 0.5421 (14.344%) 1.7749 (8.195%) 2.3170 (9.574%) 1.1867
9% 1587.85 (12.371%) 3692.26 (8.341%) 0.5050 (16.650% ) 1.7031 (9.717%) 2.2082 (11.229%) 1.2205
10% 1515.38 (14.575%) 3543.82 (9.722%) 0.4699 (19.091%) 1.6314 (11.365%) 2.1014 (13.004%) 1.2539
Impact of the Chinese Policy
t ﬁH ﬁL ﬁR (><107) ﬂ]u (X107) il (X107) [}
1% 2145.01 (0.719%) 4854.68 (0.643%) 0.8580 (1.423%) 2.2608 (0.670%) 3.1188 (0.876%) 0.9533
2% 2077.40 (1.546%) 4718.13 (1.364%) 0.8063 (2.932%) 2.1945 (1.428%) 3.0008 (1.828%) 0.9866
3% 2007.92 (2.486%) 4578.91 (2.165%) 0.7568 (4.531%) 2.1266 (2.278%) 2.8835 (2.860%) 1.0208
4% 1936.82 (3.547%) 4437.42 (3.050%) 0.7094 (6.225%) 2.0575 (3.225%) 2.7670 (3.978%) 1.0557
5% 1864.37 (4.735%) 4294.04 (4.022%) 0.6641 (8.020%) 1.9874 (4.272%) 2.6515 (5.186%) 1.0911
6% 1790.86 (6.055%) 4149.18 (5.086%) O 6209 (9.919%) 1.9163 (5.423%) 2.5373 (6.489%) 1.1270
7% 1716.58 (7.516%) 4003.25 (6.243%) 0.5798 (11.929%) 1.8447 (6.684%) 2.4245 (7.893%) 1.1632
8% 1641.82 (9.124%) 3856.65 (7.499%) 0.5407 (14.054%) 1.7727 (8.058%) 2.3134(9.402%) 1.1995
9% 1566.88 (10.886%) 3709.81 (8.856%) 0.5035 (16.300%) 1.7005 (9.549%) 2.2040 (11.022%) 1.2357
10% 1492.06 (12.811%) 3563.13 (10.320%) 0.4683 (18.674%) 1.6285 (11.163%) 2.0968 (12.757%) 1.2718
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Table J: Gamma Distribution for Consumers’ Valuations: A sensitivity analysis on the market
share of the Type-L automobile. Each number inside the brackets is the percentage change in the
value (which is given outside the brackets) after a tax reduction policy is implemented.

Impact of the U.S. Policy

O?I;xtl:et[?}r:fu Dy Dy Iy (x107) M (x107) I (x107) é
10% 5594.46 (4.760%) 612.05 (3.787%) 0.7419 (8.829%) 2.2815 (4.681%) 3.0234 (5.669%) 1.0986
20% 4974.65 (4.798%) 1224.09 (3.787%) 0.7291 (8.728%) 2.2327 (4.630%) 2.9618 (5.610%) 1.0965
30% 4354.84 (4.847%) 1836.14 (3.787%) 0.7163 (8.623%) 2.1839 (4.577%) 2.9002 (5.548%) 1.0943
40% 3735.04 (4.912%) 2448.18 (3.787%) 0.7035 (8.515%) 2.1351 (4.522%) 2.8386 (5.484%) 1.0920
50% 3115.23 (5.003%) 3060.23 (3.787%) 0.6907 (8.403%) 2.0863 (4.464%) 2.7769 (5.417%) 1.0896
60% 2495.43 (5.139%) 3672.27 (3.787%) 0. 6779 (8.287%) 2.0375 (4.404%) 2.7153 (5.347%) 1.0869
70% 1875.62 (5.367%) | 4284.32 (3.787%) 0. 6650 (8.166%) 1.9887 (4.340%) 2.6537 (5.273%) 1.0841
80% 1255.81 (5.822%) | 4896.36 (3.787%) 0.6522 (8.041%) 1.9398 (4.274%) 2.5921 (5.197%) 1.0811
90% 636.01 (7.187%) 5508.41 (3.787%) 0.6394 (7.912%) 1.8910 (4.204%) 2.5304 (5.116%) 1.0779

Impact of the Chinese Policy

Market Share b b fr (x107) T (x107) fT (x107) é

of Type-L Auto H L R M
10% 5593.11 (4.735%) 613.43 (4.022%) 0.7416 (8.790%) 2.2814 (4.677%) 3.0231 (5.657%) 1.1069
20% 4971.65 (4.735%) 1226.87 (4.022%) 0.7287 (8.672%) 2.2324 (4.617%) 2.9612 (5.586%) 1.1047
30% 4350.20 (4.735%) 1840.30 (4.022%) 0.7158 (8.551%) 2.1834 (4.554%) 2.8992 (5.513%) 1.1023
40% 3728.74 (4.735%) 2453.74 (4.022%) 0.7029 (8.425%) 2.1344 (4.488%) 2.8373 (5.436%) 1.0998
50% 3107.28 (4.735%) 3067.17 (4.022%) 0.6900 (8.294%) 2.0854 (4.419%) 2.7754 (5.356%) 1.0971
60% 2485.83 (4.735%) 3680.61 (4.022%) 0.6771 (8.159%) 2.0364 (4.347%) 2.7134 (5.273%) 1.0942
70% 1864.37 (4.735%) 4294.04 (4.022%) 0.6641 (8.020%) 1.9874 (4.272%) 2 6515 (5.186%) 1.0911
80% 1242.91 (4.735%) | 4907.48 (4.022%) 0.6512 (7.874%) 1.9383 (4.193%) 2.5896 (5.095%) 1.0878
90% 621.46 (4.735%) 5520.91 (4.022%) 0.6383 (7.724%) 1.8893 (4.110%) 2.5276 (4.999%) 1.0842
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Table K: Gamma Distribution for Consumers’ Valuations: A sensitivity analysis on the shape k;
of the consumers’ valuations 6z on the Type-H automobile and 67 on the Type-L automobile.
Each number inside the brackets is the percentage change in the value (which is given outside the
brackets) after a tax reduction policy is implemented.

Impact of the U.S. Policy

kg | ko Dy Dy, Mr(x107) I (x107) I(x107) )

65 45 1295.69 (8.027%) 2671.73 (5.997%) 0.3354 (10.404%) 1.2874 (6.754%) 1.6228 (7.489%) 1.6092
66 46 1442.65 (7.311%) 3074.23 (5.399%) 0.4051 (9.799%) 1.4633 (6.098%) 1.8684 (6.879%) 1.4571
67 47 1589.74 (6.629%) 3482.92 (4.830%) 0.4833 (9.221%) 1.6410 (5.476%) 2.1244 (6.306%) 1.3194
68 48 1734.75 (5.980%) 3889.08 (4.292%) 0.5701 (8.678%) 1.8173 (4.890%) 2.3873 (5.770%) 1.1955
69 49 1875.62 (5.367%) 4284.32 (3.787%) 0.6650 (8.166%) 1.9887 (4.340%) 2.6537 (5.273%) 1.0841
70 50 2010.48 (4.789%) 4661.08 (3.315%) 0.7679 (7.685%) 2.1523 (3.827%) 2.9202 (4.814%) 0.9843
71 51 2137.75 (4.248%) 5013.05 (2.878%) 0.8781 (7.234%) 2.3056 (3.350%) 3.1837 (4.393%) 0.8953
72 52 2256.16 (3.744%) 5335.42 (2.476%) 0.9952 (6.811%) 2.4467 (2.911%) 3.4418 (4.009%) 0.8162
73 53 2364.80 (3.278%) 5625.00 (2.109%) 1.1183 (6.416%) 2.5743 (2.509%) 3.6926 (3.662%) 0.7463
74 54 2463.11 (2.849%) 5880.22 (1.779%) 1.2467 (6.047%) 2.6877 (2.144%) 3.9345 (3.350%) 0.6849

Impact of the Chinese Policy

ku | ki Du Dy IR(x107) T (x107) TI(x107) é

65 45 1283.99 (7.051%) 2680.93 (6.362%) 0.3346 (10.148%) 1.2858 (6.619%) 1.6204 (7.329%) 1.6289
66 46 1430.80 (6.430%) 3083.86 (5.729%) 0.4043 (9.574%) 1.4617 (5.985%) 1.8660 (6.743%) 1.4724
67 47 1577.91 (5.836%) 3492.79 (5.127%) 0.4825 (9 028%) 1.6396 (5.382%) 2.1220 (6.189%) 1.3314
68 48 1723.13 (5.270%) 3898.98 (4.558%) 0.5692 (8.510%) 1.8159 (4.810%) 2.3850 (5.700%) 1.2047
69 49 1864.37 (4.735%) 4294.04 (4.022%) 0.6641 (8.020%) 1. 9874 (4.272%) 2.6515 (5.186%) 1.0911
70 50 1999.75 (4.229%) 4670.43 (3.522%) 0.7670 (7.557%) 2.1510 (3.768%) 2.9180 (4.738%) 0.9897
71 51 2127.65 (3.755%) 5021.87 (3.059%) 0.8772 (7.122%) 2. 3044 (3.299%) 3.1817 (4.325%) 0.8993
72 52 2246.80 (3.313%) 5343.57 (2.632%) 0.9943 (6.714%) 2.4456 (2.866%) 3.4399 (3.949%) 0.8193
73 53 2356.24 (2.904%) 5632.38 (2.243%) 1.1174 (6.334%) 2.5733 (2.469%) 3.6907 (3.609%) 0.7489
74 54 2455.39 (2.527%) 5886.78 (1.893%) 1.2459 (5.979%) 2.6868 (2.109%) 3.9328 (3.304%) 0.6872
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Table L: Gamma Distribution for Consumers’ Valuations: A sensitivity analysis on the scale ks
of the consumers’ valuations 6z on the Type-H automobile and 67 on the Type-L automobile.
Each number inside the brackets is the percentage change in the value (which is given outside the
brackets) after a tax reduction policy is implemented.

Impact of the U.S. Policy

ko Dy Dy, Mr(x107) M (x107) I(x107) @

503 | 1273.24 (8.414%) | 3098.40 (5.541%) | 0.3704 (10.172%) | 1.4070 (6.499%) | 1.7773 (7.244%) | 1.5684
511 | 1429.20 (7.558%) | 3405.84 (5.055%) 0.4354 (9.626%) 1.5577 (5.903%) | 1.9931 (6.695%) | 1.4244
519 | 1583.14 (6.767%) | 3708.07 (4.601%) 0 5063 (9.108%) 1 7061 (5.345%) | 2.2124 (6.183%) | 1.2969
527 | 1732.63 (6.038%) | 4001.83 (4.179%) 0.5830 (8.623%) 3 (4.824%) | 2.4333 (5.710%) | 1.1841
535 | 1875.62 (5.367%) | 4284.32 (3.787%) 0.6650 (8.166%) 1 9887 (4.340%) | 2.6537 (5.273%) | 1.0841
543 | 2010.44 (4.752%) | 4553.27 (3.423%) 0.7522 (7.737%) 2.1199 (3.892%) | 2.8721 (4.872%) | 0.9955
551 | 2135.87 (4.191%) | 4806.94 (3.086%) 0.8440 (7.335%) 2.2430 (3.478%) | 3.0870 (4.505%) | 0.9168
559 | 2251.08 (3.680%) | 5044.08 (2.776%) 0.9401 (6.956%) 2.3574 (3.098%) | 3.2975 (4.169%) | 0.8469
567 | 2355.66 (3.218%) | 5263.94 (2.490%) 1.0401 (6.599%) 2.4626 (2.750%) | 3.5026 (3.864%) | 0.7849
575 | 2449.53 (2.802%) | 5466.19 (2.228%) 1.1434 (6.261%) 2.5584 (2.433%) | 3.7019 (3.586%) | 0.7296

Impact of the Chinese Policy

2 Dy Dy, Tr(x107) T (x107) TI(x107) 3

503 | 1261.21 (7.390%) | 3108.36 (5.880%) | 0.3698 (10.001%) | 1.4055 (6.383%) | 1.7752 (7.117%) | 1.5775
511 | 1417.08 (6.646%) | 3415.92 (5. 365%) 0.4347 (9.457%) 1.5562 (5.799%) | 1.9909 (6.577%) | 1.4327
519 | 1571.13 (5.957%) | 3718.14 (4.885%) 0.5056 (8.947%) 1.7046 (5.253%) | 2.2102 (6.076%) | 1.3047
527 | 1720.92 (5.321%) | 4011.77 (4.438%) 0.5822 (8.468%) 1.8489 (4.745%) | 2.4310 (5.613%) | 1.1914
535 | 1864.37 (4.735%) | 4294.04 (4.022%) 0.6641 (8.020%) 1.9874 (4.272%) | 2.6515 (5.186%) | 1.0911
543 | 1999.78 (4.197%) | 4562.68 (3.637%) 0.7512 (7.600%) 2.1187 (3.834%) | 2.8699 (4.794%) | 1.0023
551 | 2125.90 (3.705%) | 4815.96 (3.280%) 0.8430 (7.208%) 2.2420 (3.430%) | 3.0850 (4.436%) | 0.9236
559 | 2241.88 (3.257%) | 5052.65 (2.950%) 0.9391 (6.843%) 2.3565 (3.059%) | 3.2956 (4.110%) | 0.8539
567 | 2347.26 (2.850%) | 5272.01 (2.647%) 1.0391 (6.503%) 2.4618 (2.720%) | 3.5009 (3.814%) | 0.7923
575 | 2441.95 (2.484%) | 5473.73 (2.369%) 1.1426(6.186%) 2.5578 (2.410%) | 3.7005 (3.547%) | 0.7379
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Appendix C Proofs

Proof of Theorem 1. To find the GNB retail price p; for the consumer with the parameter 0
and the tax rate 7;, we should solve the constrained maximization problem in (1), where we need
to compare the cutoff level A and the retail price p,.. Thus, we analyze the constrained problem
for each of the following two cases, p, < A and p, > A; and then compare the maximum values
obtained for the two cases to determine the optimal retail price maximizing A in (1). Note that
when p, = A, the function A is the same for the two cases.

1. If p, < A, then we can rewrite the maximization problem in (1) as

H}JZTLXA = {0—[1+1—v)tlp A =T)(p, —w)]", s.t. 8 > [14+(1—)t]p, and p, > w. (38)

Differentiating A in (38) once and twice w.r.t. p,, we have

5; = (1=T)k0 —[1+ (1 —v)t][pr — (1 — K)w] O — [1+ (1 — 3)tlpr } " (pr — w) 7L, (39)
and

d2A K —K K—1

el —[14+ 1 =)t =)0 — 1+ (1 —v)tlp,} " (pr — w)

+ (1 =1)"k0 = [1+ (1 =)t][pr — (1 = w)w]H{[1 + (1 — 7:)t]x{0
— [+ (=)t} e = w) T (= D{O = [L4+ (1= %)tlpe} " (o — )"}

We can find that at any point (the value of p,) satisfying dA/dp, = 0, k0 — [1 4 (1 —;)t|[pr —
(1 — k)w] = 0, and thus the second-order derivative is d2A/dp? < 0. It thus follows that
when p, < A, A is a quasi-concave function of the retail price p,.. Temporarily ignore the
constraints in (38). Equating dA/dp, in (39) to zero and solving the resulting equation for
pr, we find a unique maximizing value as p, = k0/[1 + (1 — v;)t] + (1 — K)w. Since p, < A,
the optimal retail price for the problem (38) when p, < A, denoted by p,1, can be written as

pr1 = min{A, k0/[1 + (1 — v)t] + (1 — k)w}. (40)

Next, we derive the condition under which p,; in (40) satisfies the constraints in (38). It is
easy to find that, in order to satisfy the constraints that 8 > [1+ (1 —~;)t]p, and p, > w, the
retail price must be determined such that w < p, < 60/[1 + (1 — ;)t]. However, this requires
that 6/[1 + (1 —v;)t] > w, or, 8 > [1 + (1 — v;)tjw. Otherwise, if # < [1 + (1 — v;)t]w, then
no retail price can satisfy the condition that w < p, < 6/[1 + (1 — v;)t], and the retailer and
the consumer cannot complete any transaction.

We find from (40) that under the condition that 6 > [1+ (1 —;)t]w, if A > k0/[14(1—~;)t]+
(1—r)wor 0 <0; =[A—(1—r)w|[l+ (1 —)t]/x, then p, = kO/[1+ (1 —v)t] + (1 — k)w
must satisfy the constraints in (38). However, if 6; < 0 < 6, then p,1 = A and the consumer’s
and the retailer’s functions can thus be written as

u(pr1;0,7) =0 —[1+ (1 —y)tJ]A and wr(pr1;0,7) = (1—T)(A—w).

Since A > w, the retailer’s profit 7g(py1;6,~;) must be greater than or equal to zero, i.e.,
mr(pr1;0,7i) > 0. However, whether or not u(p,1;6,~;) is non-negative depends on the sign
of @ — [1 + (1 — ~;)t]A. Note that, for this case,

6> 6, = [A— (- r)ulll+ (1 —7)f)/r > [L+ (1 — 1A,

because A > w. This means that, if é, < @ < 6, then the retailer and the consumer should
be willing to complete their transaction with the retail price A.
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2.

Summarizing the above, we find that when p, < A, the optimal retail price is given as
KO/[1+ (1 =)t + (1 — w)w, if 1+ 1 —y)tw<0<6;,
Pr1 = o A = (41)
A, if; <0 <40.

If p, > A, then we rewrite the maximization problem in (1) as

max A = [0 — (1+t)p, +7t A [(1—=T)(p, —w)]", s.t. 0 > (1+)p, —yitA and p, > w. (42)
Pr
Similar to our analysis for the case that p, < A, we find that when p, > A, A is also a
quasi-concave function of the retail price p, with a unique maximizing value p,o as

pra = max|[A, k(0 + vitA)/(1+t) + (1 — k)w]. (43)

It is easy to find that, in order to satisfy the constraints in (42), the retail price must be
determined such that w < p, < (6 + v;tA)/(1 4+ t). This requires that § > (1 + t)w — ~;tA.
Otherwise, if 6 < (1 4 t)w — ;tA, then the retailer and the consumer cannot complete their
transaction.

We find from (43) that under the condition that 6 > (1 +t)w —~;tA, if A < k(0 +~tA)/(1+
t)+(1—r)wor 6 > 0; = [A— (1 —k)w](1+t)/k—~;tA [which is not less than (1+t)w —;tA,
ie., 0; > (1 +t)w —vtA], then pro = k(0 +vitA)/(1 +t) + (1 — k)w, which must satisfy the
constraints in (42). However, if § < 6;, then p,» = A, and the consumer’s and the retailer’s
functions can thus be written as

w(pr2;0,7i) = 0 — [L+ (1 —7)t]A and  7g(pro; 0,7) = (1 = T)(A — w).

Since A > w, the retailer’s profit mg(pr2;6,~;) must be greater than or equal to zero, i.e.,
Tr(pr2;0,7) = 0. Noting that 6; > [1 + (1 — %)t]A > (1 + t)w — y;tA, we find that, if
[1+ (1 —3)t]A < 0 < 6;, then u(py2;0,7;) is non-negative and the consumer buys from
the retailer with the retail price A. Otherwise, if < [1 + (1 — 7;)t]A, then the consumer
abandons his or her purchase from the retailer.

In summary, we find that, when p, > A, the optimal retail price is given as

» { A, if [14+(1—y)t]A<60<0;,
r2 =

K(O+5itA) /(1 +1) + (1 — rw)w, if0; <6 <0. (44)

To find the optimal retail price p} for the constrained maximization problem in (1), we need
to compare the optimal retail price under the constraints that p, < A and p, > A. Note that
0; —0; = —it(1 — k) (A—w)/k < 0. Thus, we find that [1+ (1 —~;)tjw < [1+ (1 —~)t]A < 6; < 6;.
We consider the following five cases:

1.

2.

5.

If 0 <60 <[1+ (1 —"i)tjw, then we find from the above analysis that the two players cannot
reach an agreement on the retail price.

If [14 (1 —7)tjw <0 < [1+ (1 —~;)t]A, then, under the constraint that p, < A, the retailer
and the consumer choose their retail price as k6/[1 + (1 — v;)t] + (1 — k)w, as indicated
by (41). However, under the constraint that p, > A, the two players do not complete the
transaction. Thus, for this case, the consumer should buy from the retailer with the retail
price pr = k0/[1 + (1 —v)t] + (1 — k) w.

IE [T+ (1 —4)t]A < 0 < 6;, then, under the constraint that p, < A, the retail price for the

consumer is determined as p,, as indicated by (41); and under the constraint that p, > A,
the retail price is A, as indicated by (44). Thus, the optimal retail price is p,.

. If 6; < 0 < 6;, then, as indicated by (41) and (44), the retail price is A under the constraint

that p, < A and A under the constraint that p, > A. It thus follows that for 6 € [él, 0;], the
optimal retail price is A.
If 6; < 6 < 6, then we learn from (41) and (44) that the retail price is A under the constraint
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that p, < A, whereas the retail price is p, = r(0+7;tA)/(1+%)+(1—r)w under the constraint
that p, > A. Therefore, the optimal retail price for 0 € [0;, 6] is p,.
In conclusion, we obtain the optimal retail price as given in (2). This theorem is thus proved.
|

Proof of Theorem 2. This proof consists of two parts.

Change in [ after the policy is implemented.
We can compare 1%(v;) and p(q;) [which is given as in (4)], and note that p°(v;) is equal to

w(;) when ~; = 0. We calculate the first-order derivative of pu(y;) w.r.t ; as,
. 0; _ R 0 ~
ag(;z) _ aii M o (0)d0 + (F(0,) - F(Gi)) A+/9. pr(e)de)]/@ - F(0))
3 tr A f(6:) 2 0
L+ (1) { < F(6; )) /9 14+ (1 - 7¢)tf(9)d9+

4 A[1+(1—%)] D) (04 itA
+/€{ - - F(é)<1+t w>}f(9)d0

0if (6:) 1 0 3
T ry [T, (0% 0
’ A —w

It follows that Ou(v;)/0vi < 0 when

0; All4+(1—;
1+(11—~/i)t fé 07(6)do + : 1(+1tv ( )

1 R w
1+tf (- 9)f(9)d9+<1 F(H))T

0:f(0:)
~F@) s Je (0-0) f0)do +

As Lariviere [23] discussed, 0f(0)/ (1 — F(#)) with § = 6; on the left hand side of the above
inequality is the “generalized failure rate,” which is also the elasticity of demand, and is greater than
1 when the consumer demand is price elastic. Demand for automobiles is generally price elastic.
For example, Goodwin et al. [18] showed that the price elasticity of Ford compact automobile is 2.8.
When (45) holds for all i (1 <4 < n), we can find that u(v;) < u0(v;), and i = S0 (8; x pu(v:)) <

Zn+1 (6 X p (7@)) = ﬂo'

Impact of the cutoff level A on D, II;, Iz, and [:

When the cutoff level A > w, increasing A will not affect the value of 6;, i.e., the minimum
valuation of the consumers who are willing to purchase an automobile. This means that increasing
A when A > w will not affect the expected sales D and thus the manufacturer’s expected profit
Iy

We now examine the impact of A on the expected retail price i and the retailer’s expected
profit IIx in the automobile market segment. Taking the first-order derivatives of i in (3) and IIg
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in (5) w.r.t. the cutoff level A, we obtain that

g =X (5 %53,
% = B1-T)Y" [51- < (1= F()) x ‘9’3(}')] ,

From Theorem 1, we find the following results. If A > x0/[14 (1 —;)t]+ (1 —k)w, thenﬁi_z 9,
and the negotiated retail price p} for the consumer with the tax rate +; is p, for any 6 € [0;,0]. It

follows that ;
p(v) = ( /0 | zi«f(ﬁ)de) / (1-F@) and 6;5(20 0.

If [k + (1= k)1 +t)w] /(1 +t—ryt) < A< kO/[1+ (1 —%)t] + (1 — k)w, then 6; < 6 < 6;, and

/(1 - F(él)) and a/(;(j;)f) = 1.
If A< [k0+(1—k)(1+t)w] /(1+t—kyt), then § > 6;, and
Ou(vi) _ F(8;) — F(6)) N kit (1

B : — F(0;))
0A 1— F(6;) (1+1) (1 - F(éi))

n(v) = /9 9 Brf(0)d0 + (1 - F(6;)) A

> 0.

Hence, if A > A = k0/[1 + (1 —v,)t] + (1 — k)w, then dji/OA = 0 and OllRr/IA = 0; if A < A,
then 0fi/0A > 0 and Ollg/0A > 0.

The above results imply that, for a type of automobile, when the cutoff level A is sufficiently
large such that A > A, increasing the value of A will not affect the expected retail price ji and the
retailer’s expected after-tax profit IIp; but, when A < A, increasing the value of A will raise both
o and Ilg.

This theorem is thus proved. m

Proof of Theorem 3. We find from (14) that ¢ > 1if S — (1 =T) }_;cp 1y (Bjz;) = 0, which
can be specified, using (12) and (13), as follows:

= Za‘e{mL} [Bj Zj: <5i . 77;‘(%’))] = o, (46)
where

wn) = (1= BO)) x [0 =3ty = e+t [ G- 0w, @)

0;
!
and ‘ ‘
o = ZjE{Hi} [Bj (1 - Fj(%)) x (1 — Cj)] :
Note that 7g is the value of  when 7; = 0 (for i = 1,...,n +1) for any value of A (or equivalently,

when the U.S. policy is not executed). In the above formula for g, 6} = (1+¢)w;. Next, we derive
a sufficient condition for the cost-effectiveness of the U.S. policy following two steps.

Step 1| Show that A = wy or any A > Ay are local maximizers of 7.
To examine the property of the function 7, we calculate the first- and second-order derivatives
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of n wr.t. A as

* > 5 (Hnm).

je{H, L}

= > ZZ ) {y [f] @) (1 _ f‘vazz >(1+t rjyit) — (61 %-t)[1+(1%)t]]},

Jje{H, L}

where

Di(i) = (1 —it) (1 — J?j(ég)) - (1 — “ﬂit> (1 - Fj(ég)) :

14+t
For any v; € (0,1), when A = wj, the threshold 0; = 0;, thus

Lj(yi) = =it <1 - Fj@f)) ( 1/115) <0.

It follows that when A < max{A|l'j(v;) <0 for v; € (0,1)}, 9n/OA < 0. The value of 7 can be a
local maximum at A = wy since we only consider A > wy. .

When A > Ay = kgl /[1+ (1 —y)t] + (1 — /iH)wH, we find that 67 > 4, (the maximum
valuation for the Type-j automobile), for i« = 1,2,...,n and j = H, L; hence F (’yz) = 0, and

On/OA = 0, meaning that any A > Ay results in the same value of 7. Because HJ < GJ <0, it is
obvious that when A — Ay and A < Ay, T'j(y;) > 0 and 9n/0A > 0, indicating that the value of
7 is at least a local maximum at any A > /_1 H-

We calculate the value of  when A = wy and that when A = Ay, and obtain that

Ma=wy = Nazi, = ZjG{HL} [Bj Z? 07 % (0 (7) A= — 77j(’7i)|A:AH)] :

where

1) — O ac, = [

o

-0

1+t

Hgl%f +(1- HH)WH} } fu(0)do

. éH 7]
Kt z {/GH 0fu(0)d6 — wy [1 + (1 — )] (1 - FH(@H)>}

Om { [’W'W”H) + (1 - kg — %'t)wH}

(1+t)[ + (1 =)t
> 0;

and

0
/€L’}/Z't L to
Miacws — 12 () acs, = (1 — it —

] 11(6)db. (48)

eL
|, wn = brsuio)a0

i

wy — (1 — K)wg,
KL

+wy — (1 +t)

In the above equation, f;f (wy — pE) fr.(0)dO < 0; when 6 = 6F,

0 wy — (1 — nL)wL] (4t = k)1 —it) (i — wr) <0,

[ T mull (-]
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and thus, the term

22 wyg — (1 — kp)w
/9 [H_(f‘g_%)t+w1{—(l+t) n— (L= rjws fr(0)do

oL K[,
T

can be positive or negative. Therefore, the sign of (7)) A=wy —1L(7Vi)| 4= 4, and that of N =y, —
N|a—4, can be either positive or negative.

Let Anp(Alvi) = n(vi)|la — n0(vi)l a=4,» Which can be specified as in (48) by replacing wy
with A. The first-order derivative of Anr(Al|vy;) is calculated as,

BA%W = (1 =t) [1 + nL[1i_(1w—L%)t] (L4 (=7t =it (L4t = krit)
(1= )] (Ful@) = @) +t |- (1- %)
A—wy _
+m[1 P gE—r (T4+t—rpyt) (1 —kr) (1 - %t)] (1 F(6)).

We find that at A = wy, 8% = 6*, and

DAL () /0A sy, = —it (1 - Hft) (1 FL(85)) < 0;

and, when A > wy, and A — wy, is sufficiently large, 0AnL(A|y;)/0A > 0. Therefore, it follows
that, depending on the values of By and By, (i.e., the sizes of the high-end and low-end automobile
market segments) and how close the value of wy is to wy, the net benefit of the tax-reduction
policy when A = wy may be higher or lower than that when A = Ay. According to the proof of
Theorem 2, we find that 7|4 for any A > Ap is equal to 7| 4_ 4, because increasing the value of A
when A > Ay will not affect the retail price pj(7;). Therefore, the optimal A maximizing n could
be equal to wy or any A > Ap (in particular, A = 00).

Step 2| Derive the sufficient condition for the cost-effectiveness of the U.S. policy.
When A = Ay, we have

U‘A_AH:ZJ.E{HL}{ ]Zn+1 ~!1—% (/ 10 d@)—c] (1—1@-(9‘3))”, (49)

and
. 9]
WA:AH_UOZZK{H’L}{ JZZ LY {13_%) [(1—%‘15)/5 (0 —07)f;(0)do

— .t/ej i_éﬂ' f:(0)do
L 9(])' 14+t ‘ J
When A = wg, we have
0
_ ntl To_aH ) — P (G
M —Zje{m{ By -{Ht / (0= 8) frr(0)d0 + [wrr (1 = it) — exr] (1= Fu(0}"))

(1117(1'115)_(17;;) /QL (9 - éf) fr(0)do + /;L [9 —0F + yit(wy — wL)} fL(G)df)]

— Yitw; (1 - Fj(éf)) + (w; — ¢;) (Fj(%) - 1«}(@{)) }} :

KL
1+1¢

+(wi —wr) [FL(0F) = (1= 7t) FL(8F) — vit] + [wr (1 = 3it) — ex] (1= FL(@F)) }

+
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and

o — N g ) RH
Mazwr =10 = ZjE{H,L} {B’ Zi:l 0 { 1+t

%o

On 5 On
[ - [ oo fH(G)d9]
0H H

—wit (1= Fu(0f)) + (wir = car) (Fu(0f) = Fu(01)) + 1’””; [(11:?175)_(17;;)
% /: (6-8) fu(0)a0 + /9 9 6= 65+ vit(wn — wi)] £u(0)d0 — /9 fLw - 9§>fL<e>d0]

+ (wg —wr) [FL(@L) — (1= yit)FL(0]) - %’t] — wryit (1 — FL(@L))

+(wg, —er) (FL(%) - FL(@L»}} '

Therefore, nla_z, ~10 = 01 X eq.cy (Bised (1) = Sjeqmoy (BAN)), and nlazu, =m0 > 0

if > ety (Bﬂ@-cp?-(y)) > Dje(n,L} (BJAJZ(W)), where 902(7) and )\3(7) are defined as in the
theorem.

As shown in the main body of this paper, the highest sales tax rate ¢ is 9.75% in Los Angeles.
Thus for 6 < H_j, ILHQ — 9~f < 0 because the highest valuation for the Type-j automobile (i.e.,
0;) is unlikely to be more than 10 times the minimum valuation of consumers who purchase
the automobile (i.e., éf ). Moreover, we find from online Table A that the largest value of ~; is

0.33, so v;t < 0.033. Therefore, gojl- () should be positive. It is obvious that @?(7) > 0 because
éf < 98. The sign of Ajl-('y) depends on whether or not " , [55%twj (1 - Fj(éf))] is greater than
Oy {5{(10]- —¢j) (FJ(%) — Fj(éf)ﬂ If )\jl.('y) < 0 for j = H, L, then K,j(pjl-(’}/) must be greater
than )\} (7) when the U.S. tax reduction policy with a sufficiently large cutoff level (e.g., A = Ap)
or the policy without a cutoff level (i.e., A = 00) is executed. If )\jl-(v) < gojl (7), then a sufficient

condition for the policy to be cost effective is ZjE{H’L} (Bjnjgojl- (7)) > Eje{H,L} <Bj)\} (fy)) If
)\]1- (7) > 1 for j = H, L, then a cost-effective tax reduction policy may not exist. Similar discussion
can be made for the sign of )\? (7). This theorem is thus proved. m

Proof of Theorem 4. According to Theorem 2, we find that the profit increase H?\/f + Hg%
corresponding to the Type-j automobile is increasing in the cutoff level A when A < A; = k;60,/[1+
(1=vu)t]+(1—rkj)w; (j = H, L); since A, < Ap, the system-wide additional profit S is increasing
in A when A < Ay. Moreover, when A > Ay, S and thus the profit-cost ratio ¢ remain constant.
Theorem 3 indicates that if the two conditions in (15) in Theorem 3 are satisfied, then there must
exist a cutoff level such that ¢ > 1. We also note from the proof of Theorem 3 that one of the
conditions in Theorem 3 is derived when A = Aj; that is, when both conditions in Theorem 3
apply, the optimal cutoff level maximizing S must be greater than or equal to Ay . It thus follows
that the constraint that A > w is redundant. =

Proof of Theorem 5. To find the retail price negotiated by the consumer and the retailer, we
construct the GNB model as

max,, A={0—[1+(1—a)xt]xp "1 -T)(p, —w)*
st. 6—[1+(1—a)xt]xp,>0 and (1—-T)(p, —w)>0.
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Differentiating A once and twice w.r.t. p, gives

oA
Ipy

=—(1=rm)[I+ 0 —-a)xtf0 -1+ 1 —a)xt]xp}"[(1=T)(pr —w)]"

+r(1=T){0—[14 (1 —a) xt] x p}' "[(1 = T)(pr —w)]* ",
PN
sz —
— k(1 —rR) A =T)*{0 -1+ (1 —a)xt] xp 7 [(1 = T)(p, — w)]" 2.

—k(1 =1+ (1= a) x {0 = [L+ (1 = a) x ] x p} "1 = T)(py — w)]"

Note that 92A/dp? < 0; thus, A is a concave function with a unique optimal solution as p, in (25).
Using the argument in the proof of Theorem 1, we can then prove this theorem. m

Proof of Theorem 6. We examine the impact of o on the expected retail price i and the retailer’s
and the manufacturer’s expected profits Iz and II;;. Taking the first-order derivative of i in (27)
w.r.t. the reduction percentage o gives

%: wik where £ = f(0)0
o {[1+(1a>t](1p(é))}£’ =00

Note that 9ji/0a may be positive or negative, depending on the condition that § > 0. Since
12of©0)do > é(1 - F(é)), we find that if 1 — F(8) > 0£(d), or, éf(é)/(1 - F(é)) < 1, then
€ >1— F(0) > 0; otherwise, £ < 1 — F(0). As Lariviere [23] discussed, éf(é)/(l - F(é)) is a

“generalized failure rate,” which is smaller than 1 when the consumer demand is price inelastic.
The first-order derivative of £ w.r.t. « is obtained as follows:

f0)

1
6 1—F(@)

0
/ 07(0)do.
0

o6 tw 1-F@) ., - (f (é)> o
da 11— F(b) ()2 Fers - F(0)| Jo F8)d8
: (@)
.y (1 - F(H)) T £(0)
fw I (1) I DR
=1 F(0) (6)2 F16) 1—F(6) ’ <1 F(Q))

which is non-negative. Therefore, £ is increasing in «.
It is easy to find that D = B (1 - F(é))—where 0 = [1 + (1 — a)tjw—is increasing in o. We
differentiate ITx in (28) and I/ in (29) w.r.t. a, and have

Ol Brtw(l-T)
oa 1+ (1-a)t
‘%M — Btw(1—T)(w - )f(0) >0,

0
[14 (1 — a)t]f(0)(w — 1)+W >0

)
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which imply that, if the reduction percentage « is increased, then both the retailer’s and the
manufacturer’s expected profits rise. This theorem is thus proved. m

Proof of Theorem 7. Similar to the proof of Theorem 3, we find that (;AS > 1 if and only if

S = jeqm,3(Bj#;)(1 = T) = 0 or the condition in Theorem 7 is satisfied.
Because the second term of le is equal to the first term of le at a = 0, we calculate the
first-order derivative of the first term w.r.t. « as,

9
Jda

. 5, ) 9 R

Note that éj > w and the original vehicle sales tax rate ¢ is 10%. Since the maximum valuation
of a consumer (i.e., 6;) is unlikely to be as high as 10 times the wholesale price w, we find that
[1+(1—a)t]§; —t > 0 for 6 € [§;,6;], and the above first-order derivative is positive. It follows
that le is generally increasing in « and is positive.

Similarly, we calculate the first-order derivative of the first term in 7’;‘2 w.r.t. a as

~

2 {1y (1 500)} =-to (1 ) {1 Ll D001,

Since the manufacturer’s profit margin cannot be very large, ¢;j/w; cannot be very small. Unless
éjfj(éj) /(1 - P}(G})) is much greater than 1 (i.e., the demand is very price elastic), we find that

% {[(1 — at)w;j — ¢ (1 - Fj(éj)>} < 0, indicating that 7'3-2 is generally decreasing in a and is
negative.
This theorem is thus proved. m

Proof of Theorem 8. This theorem consists of two parts, in which we derive the negotiated
retail price py for the consumer who prefers a Type-H automobile and py, for the consumer who
prefers a Type-L automobile.

The Negotiated Retail Price py for the Consumer who Prefers a Type-H

Automobile

The consumer with the valuation 0 decides to buy a Type-H automobile if and only if his or
her net gain u(pg;0m,7;) is non-negative and no less than that drawn from purchasing a Type-

L automobile, i.e., u(pg;0m,vi) > max{u(pr;0r,7i),0}. That is, to find the retail price py for

the consumer, we should solve the constrained maximization problem in (37), where we need to

compare u(pr;0r,v;) and 0 to decide on the disagreement payoff max{u(pr;€r,7:),0}. Thus, we

analyze two possible cases: (i) u(pr;60r,v:) > 0 and (ii) u(pr;0r,vi) < 0.

Case (i): The negotiated retail price py when u(pr;0r,7;) >0
The consumer’s disagreement payoff for his or her bargaining with the retailer over the retail
price of a Type-H automobile is u?{ = u(pr;0r,7i), because, if the consumer does not buy a Type-

H automobile, then he or she should bargain with the retailer over the price pr for the Type-L

automobile. When u(pr;0r,v;) > 0, the consumer will buy a Type-L automobile at the price pr.

Thus the retailer’s disagreement payoff for the bargaining of the price py is v% = (1-T)(pL —wr).

Summarizing the above, we should use a backward approach to find the negotiated price pg
and derive the condition assuring that the consumer and the retailer trade the Type-H automobile.

Specifically, we take the following two steps to solve our problem.

Step 1: Determine the disagreement payoff for Type-H automobile bargaining. Following
our above argument, to find u% and v%, we should analyze the Type-L automobile bargain-
ing problem in which the disagreement payoffs for the consumer and the retailer are zero.
Therefore, the generalized Nash bargaining (GNB) model for the negotiation of py, is,

max,, Ap = [0p — (14 t)pr + it min(A, pp)]* (1 — T)(pr — w)]”
st. 0 — (1 +t)pL +vitmin(A,pr) >0 and (1 —T)(pL —wr) > 0.
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Using the result in Theorem 1, we can find py, as follows. If 0 < 0, < éZL =[1+(1- %‘)t]ugL,
then the retailer and the consumer cannot reach an agreement on the retail price. If 8 > HZ.L,
then the negotiated retail price p} is determined as

N KO,
pL_1+(1—%‘)t . B
=19 4 if OF < 0, <0F,

0 itA = 5
ﬁLEW+(1—H)wL, if 0L <6, <0y,

—f-(l—li)U)L, 1f§f§0L§éf,

where 82 = [A — (1 — k)wp][1 + (1 —7)t]/k and 8 = [A — (1 — k)wp](1 +t)/k — vt A. Thus
uly = u(p};0r,7v) and 0% = (1 —T)(p} — wr).
Step 2: Find the negotiated retail price py. Using u?{ and v%, we can obtain the negotiated
retail price pyr for the consumer, by solving the GNB problem as follows:
max,,, Ag=[0g— (14 t)py +vitmin(A4,py) — @1 "1 — T)(pg — wg) — vy~

st. O — (1+t)pg +vitmin(A,py) > u¥ and (1 —T)(pg —wn) > vY.
(50)
To solve the above problem, we need to compare the cutoff level A and the retail price pg. Thus,
we analyze the problem for each of the cases, pg < A and pyg > A; and then compare the
maximum values obtained for the two cases to determine the optimal retail price maximizing

Agr in (50). Note that when py = A, the function Ay is the same for the two cases.

1. If pg < A, then we can rewrite the maximization problem in (50) as

maxp, Apg ={0n — [+ (1 —v)tlpg — uf }' " [(1 = T)(prr — wn) — vjf]"

st. O —[14 (1 —v)tlpg > u%{ and (1-T)(pg —wpg) > U?{. (51)

Let U=0g — [1+ (1 —y)tlpg —u% and V = (1 — T)(py — wg) — vY%. Differentiating
A in (50) once and twice w.r.t. py, we have

dA
dTH = —[1+ (1 - W1 - UV + 5(1 = TYU VA,
H
and
d2AH 217—k—1y/K ket rr—1
R —k(1 =)L+ 1 = )tPUIVR — k(1 — k) (1 = T)[1+ (1 —y)U "V
H

— k(L= R)[1+ (L=t =TV U "V — k(1 — k) (1 - T)?U'FV"?
= k(1 =R U V214 (1 —y)t]V+ (1 -T)U}? <0.

Thus, when py < A, Ap is a concave function of pg. Temporarily ignore the constraints
in (51). Equating dA/dpp to zero and solving the resulting equation for pg, we find
a unique maximizing value as

pir =k (0 — ) /(L4 (1= 3)t) + (1 = &) [wg +of /(1 = T)].

Since py < A, the optimal retail price for the problem (51), denoted by pg1, can be
written as

pr1 = min{A, k (0n — u?{) JIL4 (1 =)t + (1 — k) [wy + v /(1 — T)]}. (52)

Next, we derive the condition under which pg; in (52) satisfies the constraints in (51).
The retail price satisfying the constraints must be such that

wy + vy /(L= T) <py < (O —up) /L + (1 — 7). (53)
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For the case that py < A to occur, it is required that wy + 0% /(1 —T) < A4, i.e.,
0r <OF =1+ (1 — )t [A — (wy — wwy)] /K < OF.

Condition (53) requires that (6 — u%;) /[1+ (1 —)t] > wg +v%/(1-T), or, O > o,
where .
th =0+ 1+ (1 —v)tJ(wg —wr).

Otherwise, if 0y < 9~Zh, then no retail price can satisfy condition (53), and the retailer
and the consumer will not complete a transaction of the Type-H automobile.

We find from (52) that under the condition that 0 > 0, if A >k (0 —ul) /[1+ (1 -
Vi)t] + (1 — &) [wg + 0% /(1 =T)] or 0y < 0", where

0 =1+ (1 -7t {A— (1 - &) [wg + 0§ /(1= T)]} /6 +ul,

then py = k (0 —uly) /(1 + (1 — 3)t] + (1 — &) [wy + v} /(1 — T)] must satisfy the
constraints in (51). However, if é{l < 0y < Oy, then py; = A, and the consumer’s and
the retailer’s payoffs are

u(pa1;0m,7:) =0 — [1+ (1 —v)t|A and 7r(pH1;0H,7) = (1 —T)(A —wpy).

When 0y > 0, py1 = A satisfies condition (53), thus A > wy +v% /(1 — T). Tt follows
that the retailer’s profit mr(pm1;0m,7vi) > v% and w(pmg1;0m,vi) > u%. This means
that, if éf < 0p < 0p, the retailer and the consumer should be willing to complete their
transaction with the retail price A.

Summarizing the above, we find that when py < A and GNZL <6 < éiL, the optimal
retail price is given as

w0 = ugp) [+ (=)l e g

pm =4 +(1—k)|wg +vp/1-T)], ) ) (54)
A, if 9? <0y <0g.
2. If py > A, then we can rewrite the maximization problem in (50) as
maxy, Ag=[0g— (1+t)py +vitA —uQ ) (1 - T)(pg —wn) — v]" (55)

st. Og — (1+t)py +vtA >4y and (1-T)(pg —wy) > vY.

Similar to our analysis for the case that pyr < A, we find that when pg > A, Ay is also
a concave function of py with a unique maximizing value pgo as

prz = max { A, k(0 + 7itA — uly)/(1+1) + (1 — k) [wr + v /(1 — T)|}. (56)

In order to satisfy the constraints in (55), the retail price must be determined such
that wy + 0% /(1 = T) < py < (O — u¥ + vtA)/(1 + t). This requires 0y >
[wi + 0% /(1 = T)] (14¢t) —vitA+ul. Otherwise, the retailer and the consumer cannot
complete their transaction of the Type-H automobile.

We find from (56) that under the condition that 6y > [wy +v/(1—T)] (1 +t) —
VitA+uly, if A < k(0 +7itA—u) /(1 +t)+ (1 —k) [wg +0%/(1—T)] or 6 > 67,
where

0 = {A— (1= &) [wn +0%/(L— )]} (1+)/5 — it A+,

then pro = k(0 +vitA—u)/(1+1¢) + (1 —K) [wir + 0% /(1 — T)], which must satisfy
the constraints in (55). However, if 0y < 9?, then pgs = A, and the consumer’s and
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the retailer’s payoffs are
w(pr2;0m,7vi) =0 — [L+ (1 —7%)t]A and  mr(pr2; O0n,vi) = (1 —T)(A — wn).

Similar to our analysis for the case that pgy < A, when éZL <, < 9{4, we find pgo = A >
wg +v%/(1—T), and the retailer’s profit Tr(pm2; 0m,vi) > v%. When [1+ (1 —7;)t| A+
u% <0y < 9?, u(pme; 0m,vi) > u% and the consumer buys the Type-H automobile at
the price A. Otherwise, if 0 < [1 + (1 — 7;)t]A + uY;, then the consumer will not buy
the Type-H automobile.

In summary, when py > A, the optimal retail price is given as

A, if [14 (1 —y)t]A+uY <0y <O

and élL < < QL,

PH2 = (57)

k(0 + vitA —u%) /(1 +1)

if 61 < < 0.
+(1— k) [wg + 0%/ =T)], OF <0y <0y

To find the optimal retail price p}; for the constrained maximization problem in (50), we need to
compare the optimal retail prices under the constraints that py < A and py > A. Note that
0 —0F = —yit(1—k) [A —wy — 0% /(1 = T)] /K. Thus, 01 < [1+(1—)t]A+uly < 0P < 0P,
In summary, when u(pr;0r,7v;) > 0, i.e., 0 > éZL = [1+(1—~;)tjwr, we consider the following
five cases:

1. If0< 6y < éf, then we find from the above analysis that the consumer will not buy a
Type-H automobile.

2. If HNzh <O < 1+ (1—y)tlA+ u(}{, then, under the constraint that py < A, the
retailer and the consumer choose the retail price as s (6 —u%) /[1 4+ (1 —y)t] + (1 —
k) [wg + 0% /(1 —T)], as indicated by (54). However, under the constraint that py >
A, the two players do not complete the transaction. Thus, for this case, the consumer
should buy from the retailer at the price py = & (0 —ul) /{1 + (1 — w)t) + (1 —
) [ -+ 5/ (1 - T).

3. 14 (1 —y)t]A+ u% <fy < éf, then, under the constraint that pg < A, the retail
price is py, as indicated by (54); and under the constraint that py > A, the retail price
is A, as indicated by (57). Thus, the optimal retail price is pg.

4. Tf 07 < 0y < 6", then, as indicated by (54) and (57), the retail price is A under the
constraint that pgy < A and A under the constraint that py > A. It thus follows that
for 6 € [élh, 0%, the optimal retail price is A.

5. If 0 < 0y < 0y, then we learn from (54) and (57) that the retail price is A under the
constraint that py < A, whereas the retail price is py = k(g + vitA — u%,)/(l +1t)+
(1 — &) [wg +vY/(1 = T)] under the constraint that py > A. Therefore, the optimal
retail price for 6 € [0, 0y] is pu.

Case (ii): The negotiated retail price py when u(pr;0r,v;) <0

When u(pr;0r,7) < 0, the consumer will not buy a Type-L automobile because there is no
negotiated retail price that can give the consumer a positive payoff. So the consumer’s and the
retailer’s disagreement payoffs for the bargaining over the price py are u% = 0 and v?{ = 0,
respectively. Then the negotiated retail price py can be obtained from the result in Case (i) by
letting uOH = v?{ = 0. The sufficient condition for the case that u(pr;0r,7v;) < 01is 0 < éZL =
1+ (1 — )t

The Negotiated Retail Price p; for the Consumer who Prefers a Type-L
Automobile

Similar to Part I analysis, when u(pg;0m,v) > 0, ie., 0 > 07 = [1 4+ (1 — v)tjwg, the
consumer’s and the retailer’s disagreement payoffs for the bargaining over py, are u% = w(p}y; Om,vi)
and v = (1 — T)(p} — wy). We find four cases:
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1. 0 <0 < 55 =0y —[1+ (1 —vi)t](wg — wr), then the consumer will not buy a Type-L
automobile.
2. I 6 < 0 <6 =1+ (1 - {A—QQ—=k)[w,+0)/(1=T)]} /& + uY, then the
optimal retail price is pr, = & (0 —u) /[1+ (1 —v)t] + (1 — &) [wr + 0% /(1 = T)].
3.1 60 <0, <0 = {A— (1 —=k)[w,+0}/(1=T)]} (1 +¢)/rk — 7itA + u}, then the
optimal retail price is A.
4. If 0! < 01, < 01, the optimal retail price is p;, = k(0 + VitA — ul)/(1+1t) + (1 —
k) [wr + 03 /(1 —T)].
When 0y < 0~ZH, u(pm; 0m,vi) < 0, and u% = U% = (0. Then the negotiated retail price pr can
be obtained from the above result by letting uOL = v% = 0. This theorem is thus proved. m

Proof of Theorem 9. To find the retail price negotiated by the consumer and the retailer, we
construct the GNB model as

1-k
maxs, Ay ={0;— [+ (1= a)p; — a0} (1= T)(B; — wy) — 9
st 05— 1+ (1 —a)t]p; >4) and (1-T)(p; —w;) > 07,

Let U =0; — [1+ (1 - a)t]p; — a9 and V
twice w.r.t. p;, we have

(1-T7)(pj —wy) — A?. Differentiating A; once and

dA,;
dﬁ’ =1+ (1 -a)t](1-r)U V" +r(1-T)UF V"
j
and 2A
o = k(1= AUV (1= o)tV + (1= T)UY <0,
Pj

Thus A; is a concave function of p;. Using the argument in the proof of Theorem 8, we can then
prove this theorem. m
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Appendix D Analytical Justifications for Remarks 1, 3, and 4

D.1 Justification for Remark 1

We provide our analytical justification for the results in Remark 1 as follows.

D.1.1 Changes in D, II;, and IIr after the policy is implemented.

We examine the impact of the automobile tax reduction policy on the expected sales, the manu-
facturer’s and the retailer’s expected profits, and the average retail price in an automobile market
segment. To do this, we need to compute the expected sales, the manufacturer’s and the retailer’s
expected profits, and the average retail price before the policy is executed, which are denoted by
Dy, H%/[, H%, and [i°, respectively. Before the implementation of the policy, each consumer still
bargains with the retailer over his or her retail price. Thus, we use (1) to develop the corresponding

GNB model as
max,, Ao =[0— (1+t)p]'*[(1 - T)(p, — w)]*
st 0—(1+t)p, >0 and (1-T)(p —w) > 0.

It is easy to find that the optimal retail price for the consumer with the valuation §—which is
denoted by pl—is calculated as p? = /(1 +t) + (1 — k)w, and the consumer and the retailer
successfully complete their transaction with the probability of 1 — F(6p), where 6y = (1 + t)w. As
a result, we can calculate Dy, H?M, H%, and 7i° as

Do = B(1—F(6)),
I, = (1 - T)(w — ¢)D° = B(1 - T)(w — ¢) (1 — F(60)).

0
/ (b2 — w) £(6)d6

o

0
B = () = (/ p?f(&)d@)/(l — F(6bo)) -
0o

Recall that the expected sales after the policy is executed are computed as D = B X Z?jll [(2 X (1 - F (éz))] .
Since for i < n, 0; = [1+ (1 — ;)tjw < (1 + t)w = Oy, we find that,

Mm% =Bx(1-T)x

)

D—Dy= BZZ: 6 (1= F@))] - BA-FOe) =BY" [6:(F(00) — F@))] > 0.

Hence, Ty > 118, = (1 — T')(w — ¢)Dy. Next, we compare I1% and Il [which is given as in (5)].
Noting that for i < n and any value of 0 € [0,0], p, in (5) is greater than p?, we find that when
0 e [9}, 0;], A > p¥ because p, < A for § € [éi,@]; and when 6 € [0;, 0], p, > p® because jp, < p, for
6 € [0;,0]. Therefore, we have

n 0

Il > B(1-T) ZZ: {@- [/e (p° — w)f(e)d9] }
n 0

>B1-1)Y " {@- [ /9 (p — w)f(9)d0] }

=19,

xxviil



Tax Reduction Policies Online Appendices

D.1.2 Impact of the income tax rates v; and consumers’ income tax rate distribution
on D, II;, and IIg.

It is obvious that D and II,; are increasing in ~;. We also find that

oI1 b ot tA _
R _ B(1-1)s; / O f(0)d0 + = (1— F(6;)) p > 0.
0v; g 1+ (1 =)t 1+¢
Thus, D — Dg, IIg — H%, and I, — H(])\/[ are increasing in ;.

Note that §; is the probability that a consumer’s income corresponds to the federal income
tax rate 7;, and the above proof has essentially shown that D(y;) = B (1 - F(éz)), Or(v) =

B(1-T) (1 - F(él)) (1(v:) — w), and s () = (1=T)(w—c)D(~;) are increasing in ;. Consider
two income tax rate distributions {d;} and {0;} such that their cumulative probabilities satisfy
S >yt dtor 1=y 6 <1—>" 8 form=1,2,...,n (i.e., the income with the tax
rate distribution {d;} is greater in the usual stochastic order, and {d;} is more skewed to the left).
Compared with the distribution {0;}, {d;} has a larger probability for small value of income tax
rate 7; and a smaller probability for large value of ;. Because D(v;), IIg(7;), and IIps(7;) are

increasing in ~y;, we can obtain that

n+1 n+1
Dis, = Zi:l (6:D(vi)) < Zi:l (6;D(vi)) = Dlst,

n+1 n+1
Orls, =) . Gllr(v) <) | (611r(%)) = l&ls,

n+1 n+1
Marls, = 3 GlTar() < S0 (60TTas () = Tl
where {0;} and {0]} can be treated as two different “weights.” Our above conclusion must follow
because for larger values of D(v;), IIg(7;), and Iz(7;), the corresponding weight d; is smaller but
the corresponding weight 0} is larger; and for sufficiently large values of D(;), IIz(7;), and s (),
§; must be smaller than d}. Therefore, the improvements (D — Dy), (IIg — I1%), and (1T, — I19,)
are larger when the income is greater in the usual stochastic order.

D.2 Justification for Remark 3

We learn from the proof of Theorem 3 that ¢ > 1 if the following inequality is satisfied.

1=y B, (Fne0)] =30 [Bi = Fi - ouw) = )] (59)

where 7;(7;) is given in (47), and [1% = {f(ﬁj}t)wj [k0/(1+1t)+ (1 — nj)wj]fj(ﬁ)dﬁ}/ (1—F;((1+t)wy)).
In our proof of Theorem 3, one of the conditions in (58) is derived by equating A to Ay. From
(49), we can obtain that

nL(vi)laza, = (1 —7t) /:J <H(H1J€%)t +(1- Fﬂj)%‘) fj(9)d9] — ¢ <1 - Fj@))

3, .
> (1 —it) /( o (ﬁ)t +(1— ffj)%’) fj(9)d9] —¢j (1= F((1 +t)wy))

1+t

14t L+t

9, .
> (1 —it) /( - ( L (1- ffj)“/j) fj(e)del —¢j (1= F((1 + t)wy))

= (1= F((L+ ) |1 = vit)h — ;]
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and thus nl4_z, > Xjeqy {Bi (1= F((1+ 0w) | (1=t S0, 60%) ) wh — o5 }.

Comparing the above inequality with (58), we find that, if ¢ > | (55 X7;) is smaller, then n| ,_ 1,
is more likely to be greater than or equal to 3.y 1y [Bj (1= F((1+t)wy)) (i — cj)} and a cost-
effective automobile tax reduction policy is more likely to exist. Moreover, since consumers with
higher incomes are more likely to buy the high-end automobile, it generally holds that >, (6F x

vi) < 2?21(5{{ X 7;). Given this fact, when By, is much greater than By, a cost-effective policy is
more likely to exist.

D.3 Justification for Remark 4

We first consider if the policy can increase the retail price for each consumer. Note from the proof
of Remark 1 that p? = k6/(1 +1t) + (1 — x)w, which must be smaller than p,. Then, we investigate
the impact of the Chinese automobile tax reduction policy on the sales and the manufacturer’s
and the retailer’s expected profits. From the proof of Remark 1, we find that when there is no tax
reduction policy, the expected sales and the expected profits of the retailer and the manufacturer
are computed as

0
0f(0)do

Do = B(1—F(by)), 1% = B(1-T) (’OlT —w | and I, = BA—T)(w—c) (1 — F()),

where 0 = (1 +t)w > [1 + (1 — a)tjw = HAL We then find that 1 — F(f) > 1 — F(6y) and thus,
D > Dy, 1l > I1% [because fée 0f(0)do > f(fo 0f(0)dd and 1 + (1 — )t < 1 +¢], and Tl > 19,
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Appendix E Real Data-Based Numerical Experiments

Example 1 Suppose that the cutoff level for the U.S. policy is A = $49, 500 and the sales tax rate
in the market ¢t = 5%. The retailer’s bargaining power is k = 0.4 (note that x € [0, 1]). We assume
consumers’ valuations § are normally distributed with the mean F(6) and standard deviation oy.
Chen et al. [8] also considered a normal distribution for the consumers’ valuations, and found that
the standard deviations of consumers’ valuations for three automobiles are between $2,100 and
$6, 600; thus we assume oy = $4,000. As reported by Edmunds.com [13], the average retail price of
a car or truck in the U.S. in 2009 was $28, 492, we can reasonably assume that the average valuation
E(0) of consumers is the average retail price $28,492 plus the sales tax 5% x $28,492 = $1,424.6.
That is, E(0) = $29,916.6. In addition, Albuquerque and Bronnenberg [1] calculated dealers’
average gross margins as approximately $1,600, based on individual car transaction data in the
San Diego area (a location where most of the included car brands and types are in the medium-
to high-end price segments). Accordingly, we assume that the retailer buys the automobile at the
wholesale price w = $27,000 (and gains an average margin of $1,492). Let the maximum valuation
6 = $55,000. Since @ € [0,0], we truncate the normal distribution function at zero and at #, and
assume that the probability of negative values is added to that of zero and the probability of values
greater than 0 is added to that of 6.

We denote the U.S. income tax rate distribution by P; (i = 1,...,n+ 1), where n = 5 because,
as online Table A indicates, there are five income brackets that correspond to five different federal
tax rates for eligible consumers. Suppose 6; = P; (i = 1,...,n + 1), i.e., the income tax rate
distribution of consumers in the (generic) automobile market segment is the same as the U.S.
income tax rate distribution. We find from (3) and (4) that, in order to calculate the expected
retail price fi, we have to estimate the U.S. income tax rate distribution P; (¢ = 1,...,n + 1).
Although we cannot get the data about the taxable income of each individual filer in the U.S., we
can find from the tax statistics of Internal Revenue Service (IRS) [31] that the taxable incomes
of single and joint filers in 2009 have mean values of $25,597 and $75, 257, respectively, and their
percentage distributions are given as in Panel B of online Table A. However, we still cannot obtain
P; (i=1,...,6), because the income brackets for the federal tax schedule (as given in Panel A of
online Table A) are different from the income ranges for the statistics of taxable income distribution
(as given in Panel B of Table A); moreover, they differ for the single and joint filers.

For the single filers, noting that each filer’s taxable income [ is a random variable, we should
find the estimated probability density function gg(I) that best fits the single filers’ percentage
distribution Percy (i = 1,...,9) in Panel B of online Table A while assuring that the expected
value of I equals the mean taxable income of single filers. The best-fitting distribution is a normal
distribution with the mean pg = 25,597 and standard deviation g = 28,440.11. We then use the
corresponding cumulative distribution function Gg(I) to calculate the income tax rate distribution
PS (i =1,...,4) for the eligible single filers as follows: Py = N(8350) = 27.21%, Py = N(33950)—
N(8350) = 34.34%, Py = N(82250) — N(33950) = 36.13%, and Py = N(135000) — N (82250) =
2.31%.

Similarly, for the joint filers, we find that the best-fitting distribution g (I) for their taxable in-
comes is a normal distribution with the mean uj; = 75,257 and standard deviation o; = 62,219.34.
We then use the corresponding cumulative distribution function G ;(I) to calculate the income tax
rate distribution P/ (i = 1,...,5) for the eligible joint filers as follows: Py = N(16700) = 17.33%,
Py = N(67900) — N (16700) = 27.96%, P§ = N(137050) — N (67900) = 38.67%, P{ = N(208850) —
N(137050) = 14.44%, and P¢ = N(260000) — N (208850) = 1.44%.

From Panel B of online Table A, we learn that the proportion of single filers and that of
joint filers are 57.57% and 42.43%, respectively. Thus the U.S. income tax rate distribution P;
(i = 1,...,6) is calculated as: for the eligible filers, P, = 23.02%, P, = 31.63%, Ps = 37.21%,
Py = 7.46%, Ps = 0.61%, and the percentage of ineligible filers is Ps = 1 — Z?:l P; = 0.07%. Using
(3), we calculate the expected retail price as i = $28,518.17.

Similarly, if x = 0.6 and other parameters stay the same, then the expected retail price is
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i=%$29,277.26. W

Example 2 We use a numerical example to illustrate our analytical result to the extent that
the sales, and the manufacturer’s and the retailer’s profits in an automobile market segment are
increased after the policy is executed. We consider the same parameter values as in Example
1, and assume that the manufacturer’s unit production cost is ¢ = $23,000, the market size is
B =10,000. Moreover, we assume the corporate tax rate is T = 25%, because both China and the
U.S. used the corporate tax rate of 25% in 2008 and 2009 (see Global Finance [17]). We use (6)
to calculate the expected sales as D = 6,752.45, and use (5) and (7) to compute the retailer’s and
the manufacturer’s expected profits as Iz = $7.6886 x 10% and I1;; = $2.0257 x 107, respectively.

According to our analysis in the proof of Remark 1, we find that, before the tax reduction policy
is implemented, the expected sales, and the retailer’s and the manufacturer’s expected profits are
6,523.42, $7.1426 x 10%, and $1.9570 x 107, respectively. After the policy is executed, the sales, the
retailer’s and the manufacturer’s profits are increased by 3.51%, 7.64%, and 3.51%, respectively.
[ |

Example 3 To illustrate our statement in Remark 3 which regards the cost effectiveness of the
U.S. policy, we use the same parameter values of A, ¢, and T as those in Example 2, and consider
the following parameter values for both the Type-L and the Type-H automobiles: By = 7,000,
By = 3,000, wy, = $24,000, wyg = $34,000, ¢, = $20,000, cgy = $29,000, and x;, = kg = 0.4.
Moreover, the mean valuations of the Type-L and the Type-H automobiles are E(61) = 26,000 and
E(0y) = 37,000; 0y = 4,000 for both automobiles; §;, = $50,000, and fz = $60,000. Note that
the manufacturer’s profit margin from the Type-L automobile is wy, — ¢y, = $4, 000, which is lower
than that from the Type-H automobile wy — ¢y = $5,000. This is in line with the practical fact
that a manufacturer generally gains a higher profit margin from a high-end automobile than that
from a low-end automobile. For consumers in the Type-L automobile market segment, the income
tax rate distribution is 6% = P +2% = 25.02%, 6% = Py+1.55% = 33.18%, 6% = P3—1% = 36.21%,
0F = Py — 2% = 5.46%, 08 = P5 — 0.5% = 0.11%, and 6§ = 1 — 32°_, 6% = 0.02%. Because the
income tax rate of all consumers in two market segments follows the distribution P; (i = 1,...,6)
and the Type-L automobile consumers account for By, /(B + Br) = 70% of the total market, we
can find the income tax rate distribution of consumers in the Type-H automobile market segment
as 011 = 18.35%, 641 = 28.02%, 61 = 39.54%, 041 = 12.13%, 61 = 1.78%, and 6& = 0.18%. Using
(14), we can find the profit-cost ratio of the U.S. policy as ¢ = 1.0506, which means that, as the
federal income tax is reduced by $1, the after-tax profit of the automobile supply chain would be
increased by $1.0506.

In the above base case, we change the sizes of both market segments to By = 6,000 and
By = 4,000, and the income tax rate distribution of Type-H automobile consumers is accordingly
changed to 67 = 10.5%, 651 = 39.3%, 64 = 31.4%, 6} = 13.5%, and 6 = 5.3%. The profit-cost
ratio of the U.S. policy is calculated as ¢ = 1.0589. This implies that the market share for each
automobile type can affect the cost effectiveness of the U.S. tax reduction policy.

When we change the income tax rate distribution of the Type-L automobile consumers so that it
is more skewed to the right: 6% = 1.3 x P; = 19.5%, 0} = 1.2x P, = 55.5%, 6% = 0.8 x P3 = 21.9%,
0F =03 x Py = 25%, and 6% =1 -1 | 6F = 0.6%. Civen By, = 7,000 and By = 3,000, the
income tax rate distribution of the Type-H automobile consumers is changed to 5{1 = 4.5%,
63 =24.6%, 08 = 40.1%, 61 = 22.2%, and 51 = 8.6%. We find that ¢ = 1.0519.

We also change the standard deviation of consumers’ valuations from the current value 4,000
to 3,500, we find that the profit-cost ratio is ¢ = 1.1361. Therefore, the degree of consensus
among consumers can be a key factor that affects the cost effectiveness of the U.S. policy. Later,
we will perform a sensitivity analysis to investigate the impact of consumers’ valuations on the
cost effectiveness of the U.S. policy. W

XxXxXii



Tax Reduction Policies Online Appendices

Example 4 We learn from the base case in Example 3 that the U.S. policy with the parameter
values given in the base case is cost effective. We now determine a feasible target and a corre-
sponding budget for the government. To set the feasible additional system-wide profit generated
by the policy, we should solve the constrained nonlinear problem in (23) and find the maximum
additional profit that can be achieved as S* = 1.3132 x 10%. Assuming that the policy intends
to increase the profit by S = 1.300 x 10%, which is smaller than S*, we solve the equation that
S = S and find the cutoff level A = $35,380. We then substitute A into the government’s expense
function X =3 .oy 1y (Bjz;) —T'S/(1—T) and determine the budget X = 1.2446 x 10° that can

result in the targeted system-wide profit increase S = 1.300 x 10% and the corresponding profit-cost
ratio ¢ = 1.0445. N

Example 5 For the Chinese policy, we do not need to consider the consumer’s income level and
the income tax-related parameters as in Example 2. We assume that the original sales tax is
t = 10% and the tax reduction percentage is a« = 50% or a = 25%. To compare the U.S. and the
Chinese policies, we use the same automobile with its parameter values in Example 2 to investigate
the effectiveness of the Chinese policy.

Using (27), we calculate the expected retail price under the Chinese policy in 2009 (i.e.,
a = 50%) as $28,459.89. Moreover, we use (28) and (29) to compute the retailer’s and the
manufacturer’s expected profits as Iz = $7.1426 x 10% and 115, = $1.9570 x 107, respectively. We
can also find the expected sales as B(1 — F()) = 6,523.42. Moreover, we calculate the expected
retail price, the expected sales, and the retailer’s and the manufacturer’s expected profits before
the policy is executed as $28189.65, 5215.92, $4.6538 x 10, and $1.5648 x 107, respectively. It thus
follows that after the Chinese policy is implemented, the retail price, the sales, and the retailer’s
and the manufacturer’s profits increase by 0.96%, 25.07%, 53.48%, and 25.07%, respectively.

Since the Chinese tax reduction percentage o was 25% in 2010, we calculate the resulting ex-
pected retail price, expected sales, and retailer’s and manufacturer’s expected profits as $28316.48,
5881.93, $5.8076 x 106, and $1.7646 x 107, respectively. Comparing the above results with the
results before the policy is executed, we find that the retail price, the sales, and the retailer’s and
the manufacturer’s profits would be increased by 0.45%, 12.77%, 24.79%, and 12.77%, respectively.

Moreover, when we compare the results for the cases of @ = 50% and o = 25%, we find that
as « is increased from 25% to 50%, the expected retail price, the sales, and the retailer’s and the
manufacturer’s profits would be increased by 0.51%, 10.91%, 22.99%, and 10.91%, respectively.
Note that the expected retail price [ is increased as the value of « rises, even though the consumer
demand is price elastic because 6f(A)/(1 — F(0)) = 4.80 > 1 at o = 25% and 0£(0)/(1 — F(0)) =
4.01 > 1 at a = 50%.

Next, we provide a numerical example to demonstrate our result in Theorem 6 that [ is
increasing in o when the consumer demand is price inelastic. Assuming that the mean and standard
deviation of consumer valuation 6 are $36,000 and $4,000, respectively, we find that 0f(6)/(1 —
F(0)) = 0.47 at o = 50% and 6£(0)/(1 — F(0)) = 0.66 at o = 25%, which means that the demand
is price inelastic. We then find that the expected retail price i = $30,014.70 when o« = 50% is
greater than i = $29,730.64 when o = 25%, as indicated by Theorem 6. In another example, the
mean and the standard deviation of consumer valuation 6 are assumed to be $26,000 and $500,
respectively. We find that 6£(0)/(1 — F(0)) = 277.65 at o = 50% and 0f(0)/(1 — F(0)) = 360.33
at a = 25%, which implies that the demand is price elastic. The expected retail prices are then
calculated as 1 = $27,037.55 when o = 50% and i = $27,404.10 when a = 25%. The result reveals
that, when the demand is significantly price elastic, the expected retail price will be decreasing in
a. N

Example 6 For the Chinese policy, we do not consider the consumer’s income level and the income
tax-related parameters in Example 3. We assume that the original sales tax is ¢ = 10%. We use
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the same two automobiles with the corresponding parameter values in Example 3 to investigate the
cost effectiveness of the Chinese policy with o = 50% (used in 2009) or a = 25% (used in 2010).
We first examine the policy with @ = 50%. According to Theorem 7, we calculate Ti = 558.35,
T# = —218.76, 7}; = 831.34, and 7% = —230.41. We find that, —77 /7] = 0.39 (which is smaller than
k= 0.4) and —7% /75 = 0.28 (which is smaller than kg = 0.4). Thus, the Chinese policy with
a = 50% should be cost effective. In fact, we can use (31) to calculate the system-wide expected
profit increase as S = $6.6056 x 10%, and also find the government’s expense as X = $6.2672 x 10°.
Therefore, when o = 50%, the profit-cost ratio is (ﬁ =S /X = 1.0540. Similarly, when a = 25%,
T = 263.70, 77 = —72.90, 75 = 384.42, and 7% = —40.00, which result in —72/7} = 0.28 < r,
and —7%/7} = 0.10 < rg. Thus the Chinese policy with o = 25% is also cost effective. Similar
to the above, we can find that S = $3.2280 x 106, X = $2.6586 x 10°, and ¢ = S/X = 1.2142.

If the retailer’s bargaining power for the Type-j automobile is x; = 0.20 for j = H, L, then the
Chinese policy is not cost effective when « is either 50% or 25%, because ¢ = 0.8536 when o = 50%
and qg = 0.9889 when a = 25%. However, when we set the tax reduction percentage a to be 20%
(i.e., the sales tax rate is reduced by 20%), we find that 77 = 208.47, 72 = —52.60, 73, = 302.47,
and 7% = —20.32. Since Zje{H,L} Bj(/ijle + 7]2) = 44,180 > 0, according to Theorem 7, the

Chinese policy with o = 20% is cost effective with gZ; =1.0208. W

Example 7 Assuming that the tax reduction percentage « is unknown, we use other parameter
values in Example 6 to determine a proper reduction percentage & that results in the desired
feasible targets and the corresponding budget. Using Corollary 1, we find the optimal tax reduction
percentage o (maximizing both the additional sales ¢% and the profit increase SC) as o = 0.603,
which means that, in order to assure the cost effectiveness of the Chinese policy, China should
reduce its sales tax rate by at most 60.3% [that is, the lowest feasible sales tax rate should be (1 —
60.3%) x 10% = 3.97%)]. Using o* = 0.603, we can calculate the corresponding maximum additional
sales of the Type-H and the Type-L automobiles as 599.58 and 1001.63, and the maximum system-
wide profit increase as $8.0270x 10%. Assuming that China attempts to target the feasible additional
sales ég = 400 and ég = 800, we solve the equation that ¢; = éjc and find that a;; = 39.60%
and 41 = 47.96%, thus &1 = max(a};,al) = 47.96% and the corresponding expense X¢ =
$5.9374 x 105. Similarly, we assume that the targeted profit increase is SC = $6.0 x 108, and find
that do = 45.58% and the corresponding expense X = $5.5605 x 10°.

As discussed above, China should determine its budget as max(X¢, X$') = $5.9374 x 10%, in
order to achieve the targeted additional sales ég = 400 and ég = 800 as well as the targeted profit
increase S¢ = $6.0 x 106, The corresponding tax reduction percentage is a = 47.96%, which
results in the profit-cost ratio qAS =1.0664. N

Example 8 We examine the impact of the U.S. tax reduction policy when the manufacturer is a
strategic decision maker who may respond to the policy by changing the wholesale price.

We consider the same parameter values as in Example 2. Following the first two steps in Section
6.2, we find that the optimal wholesale price is w = $28300.24. We then use (6) to calculate the
expected sales as D = 5462.70, and use (5) and (7) to compute the retailer’s and the manufacturer’s
expected profits as IIp = $5.3021 x 105 and IIp; = $2.1715 x 107, respectively. Thus the supply
chain profit is IT = $2.7017 x 107.

We can also find the optimal wholesale price before the policy is implemented by solving the
equation in the second step in Section 6.2 with all ; = 0, which is wg = $28143.75. Then, according
to our analysis in Appendix D.1, we find that, before the policy is implemented, the expected sales
are 5364.19, and the expected profits of the retailer, the manufacturer, and the supply chain are
$5.1008 x 105, $2.0694 x 107, and $2.5795 x 107, respectively.
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After the policy is executed, if the manufacturer fixes the wholesale price as wy, we can calculate
the sales as 5623.57, and the expected profits of the retailer, the manufacturer, and the supply
chain as $5.5624 x 105, $2.1695 x 107, and $2.7257 x 107.

Comparing the above results, we find that a strategic manufacturer responds to the imple-
mentation of the U.S. policy by raising its wholesale price and gains a higher profit. As a result,
although the U.S. policy can improve the sales and the profits of the retailer and the supply chain,
the policy’s impact is less than that when the manufacturer fixes its wholesale price. W

Example 9 We examine the impact of the Chinese tax reduction policy when the manufacturer
is a strategic decision maker who may respond to the policy by changing the wholesale price.

We consider the same parameter values as in Example 5 with the sales tax t = 10% and the tax
reduction percentage o = 50%. Following the first two steps in Section 6.2, we find that the optimal
wholesale price is w = $28143.75. We then calculate the expected sales as D = 5364.19 and the
retailer’s and the manufacturer’s expected profits as IIp = $5.1008 x 105 and II; = $2.0694 x 107,
respectively. Thus the supply chain profit is II = $2.5795 x 107.

We can also find the optimal wholesale price before the policy is implemented by solving the
equation in the second step in Section 6.2 with o = 0, which is wg = $27380.02. Then, according
to our analysis in Appendix D.3, we find that, before the policy is implemented, the expected sales
are 4799.19, and the expected profits of the retailer, the manufacturer, and the supply chain are
$4.0829 x 105, $1.5765 x 107, and $1.9848 x 107, respectively.

After the policy is executed, if the manufacturer fixes the wholesale price as wg, we can calculate
the sales as 6148.16, and the expected profits of the retailer, the manufacturer, and the supply
chain as $6.4202 x 105, $2.0197 x 107, and $2.6617 x 107.

Comparing the above results, we find that a strategic manufacturer responds to the implemen-
tation of the Chinese policy by raising the wholesale price and gains a higher profit. As a result,
although the Chinese policy can improve the sales and the profits of the retailer and the supply
chain, the policy’s impact is less than that when the manufacturer fixes the wholesale price. W
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Appendix F Calculation of the Best-Fitting Distributions for the
Taxable Incomes of U.S. Single and Joint Filers

To determine the joint federal income tax rate distribution P; (i = 1,...,6) for the single and joint
filers in the U.S., we first find a probability distribution that best fits the percentage distribution of
the U.S. single (or joint) filers’ taxable incomes in Panel B of online Table A. Specifically, because
each single (or joint) filer’s taxable income I is a random variable, we can find the estimated
probability density function gi(I) that best fits the percentage distribution Perct (k = S for
single filers and k = J for joint filers; ¢ = 1,...,9) in Panel B of online Table A while assuring
that the expected value of I equals the mean taxable income of the filers (i.e., ux). We do this
by solving a nonlinear programming problem where the decision variables are the parameters of a
tested density. We proceed as follows:

Step 1: We consider four commonly used distributions (gamma, lognormal, normal, Weibull). For
each distribution, we solve the following minimization problem:

. 9
min A = E A
=1

Here, the decision variables are the parameters of the fitting distribution; b; (: = 0,1,...,9)
denotes the taxable income ranges, Percf (k=2S,J,and i =1,...,9) denotes the empirical

b; 2 o)
Percl — / gk(I)dI] . st E(I) = /0 Tgr(I)dI = . (59)

bi—1

percentage from Panel B of online Table A, and fbbii,l gk (I)dI means the estimated percentage
of filers with taxable incomes in the range [b;—1,b;] (i = 1,...,9), where k = S for single
filers and k& = J for joint filers.

Step 2: We then compare the minimum sum of squared deviations obtained in Step 1 for all
distributions and find the best-fitting distribution as the one with the smallest value of A.

Using the above two-step approach, we consider gamma, lognormal, normal, and Weibull dis-
tributions. For each distribution, we calculate the best-fitting parameter values and the minimum
sum of squared deviations for single filers as shown in Table M. We find that the probability
distribution that best fits the percentage distribution Pe’rcis (i =1,...,9) provided by the U.S.
Internal Revenue Service is the normal distribution with the mean pg = 25,597 and the standard
deviation og = 28,440.11, which is rewritten as Normal(ug,05) or Normal(25,597,28,440.11).

Table M: Single Filers: The best-fitting parameter values and the minimum sum of squared devi-
ations for gamma, lognormal, normal, and Weibull distributions.

Minimum Sum of

Distributions Best-Fitting Parameters Squared Deviation

Shape parameter: k1 = 25,730.40

Gammal(ks, ks) Scale parameter: ko = 0.9948

0.01909

Mean of the variable I'’s logarithm: p = 9.637
Lognormal(u, o) | Standard deviation of the variable I’s 0.04291
logarithm: ¢ = 1.013

Mean of the variable I: p = 25,597

Standard deviation of the variable I: o = 28,440.11 0.00242

Normal(u, o)

Scale parameter: 8 = 6,748.54

Weibull(§, o) Shape parameter: a = 25,599.19

0.82377

Similarly, for each of the gamma, lognormal, normal, and Weibull distributions, we calculate
the best-fitting parameter values and the minimum sum of squared deviations for the joint filers
as shown in Table N. We find that the probability distribution that best fits the percentage
distribution Percg (1t = 1,...,9) provided by the U.S. Internal Revenue Service is the normal
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distribution with the mean p; = 75,257 and the standard deviation o; = 62,219.34, which is

rewritten as Normal(uz,07) or Normal(75,257,62,219.34).

Table N: Joint Filers: The best-fitting parameter values and the minimum sum of squared devia-

tions for gamma, lognormal, normal, and Weibull distributions.

Distributions Best-Fitting Parameters

Minimum Sum of
Squared Deviation

Shape parameter: ki = 69,270.24

Gammal(ky, ks) Scale parameter: ko = 1.086 0.04149
Mean of the variable I’s logarithm: p = 11.015
Lognormal(yu, o) | Standard deviation of the variable I’s 0.07095
logarithm: o = 0.654
Mean of the variable I: u = 75,257
Normal(s, @) | g dard deviation of the variable I: o — 62,219.34 0-01268
Weibull(8, ) Scale parameter: 8 = 4,330.29 0.82983

Shape parameter: a = 75,267.03
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Appendix G Discussions on 7']-1 and 7']-2 in Theorem 7

We find from (34) that, in the first term of 7}1 (ie., (1 —at) f;_j (0 — éj)fj(G)dG/[l + (1 = a)t]),
_ J

f ;jj(H - é]) fj(0)do is considered as a Type-j automobile consumer’s expected extra (sales tax-

inclusive) valuation over the minimum valuation éj for the purchased Type-j automobile when the

tax reduction policy is implemented. Since (1 — a)t is the sales tax under the Chinese policy, we

can regard féejj(ﬁ —0;)£;(6)d9/[1 + (1 — a)t] as the consumer’s extra before-tax valuation over ;.

Therefore, the first term of le in (34) can be explained as the consumer’s extra before-tax valuation
excluding the tax reduction resulting from the Chinese policy. Similarly, in (34), the second term

i.e., fe? (60— Gg)fj (0)df/(1+1t)] means the consumer’s extra before-tax valuation when the Chinese

policy is not implemented. It thus follows that le can be regarded as the expected increase in
the extra before-tax valuation of a Type-j automobile consumer that is generated by the Chinese
policy.

According to (35), we find that the first term of Tj2 can be rewritten as [(w; — ¢j) — atw;](1 —
Fj(éj)), where (w; — ¢;) and atw; represent the manufacturer’s unit profit from the Type-j au-
tomobile and a consumer’s tax reduction based on the wholesale price. We can thus regard the
first term as the manufacturer’s expected profit from a Type-j automobile when a consumer’s tax
reduction on the wholesale price wj is not included. The second term (i.e., (w; — ¢;)(1 — F}(6))))
refers to the manufacturer’s expected profit from a Type-j automobile when the policy is not im-
plemented. Hence, 7']-2 given in (35) can be considered as the manufacturer’s tax reduction-exclusive
profit increase resulting from a Type-j automobile under the Chinese policy.
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Appendix H Proof of the Result for the Chinese Policy

We learn from the result and proof of Theorem 7 that the profit-cost ratio gZ; is increasing in
> ety Bj % (/ijjl + 7']2)]. When consumers’ valuations for the Type-j automobile satisfy a
normal distribution with the mean p; and standard deviation o ( f;(#) and F}(0) denote the p.d.f.
and c.d.f.), we can show that

1— 5 1 '
s} 78 = et | 00 — )
i A :
i (=) 0 ey | (1-10)

o 2 )] (- 0,

It then follows that
3(/1]-7']-1 + T]-Q )

do
@ () ] - e [( i)
nE [u_at)wj_cjwm (5= )] (5:0)" 1= (4322)]
e ()] () [1 - (9>] -

In the above, §; = [1 + (1 — a)tjw; and 06 = (1 + t)w;; thus, §; < 98 and 0; is decreasing in a.
Because p; is approximately equal to the average after-tax retail price, it should be greater than

06. For reasonable values of parameters such that éj > i — o,

. 2
0 1—at " 0; — 1
da 1+(1—oz)tfj(9]) ( o ) 1

- i - () -

1+ (1t— )t {(éjaﬂjf * 1] }

<0,

and

8601 [(1 —at)w; —¢j + /ﬁjm (Hj — 9})}

— 2 ~
= (1 ~1 +1(1 —ta)t> [+ (1t— YR <Mj B ej)

< 0.

It is easy to show that (f; (0))* {1— [(0—p;)/0]?} is increasing in @ when 6 < pj and 6 > p;—o.
We can find that 8(/<cj7'j1 + T]-Q)/@o < 0, which indicates that } ;e py 1[Bj x (fijle + 7]2)] and thus

¢ are decreasing in o.
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Appendix I Analytical Details Regarding the Consumers’ Choices
Between Two Automobiles

I.1 The U.S. Tax Reduction Policy

We consider the negotiated retail prices for the two automobiles when a consumer can choose
between the Type-H and the Type-L automobiles. For the negotiation results, we define relevant
notation in Table O.

u? = max{u(px; 0k,7:),0} and v? = max{(1 — T)(px — wy),0} Jk=HLj#k

97] = [1 + ( )t}w]'

éf =[A-(1- H)wj][l + 1 —m)tl/k j = H for Type-H automobile
07 = [A— (1 - Kk)w;](141t)/k —vitA and 7 = L for Type-L automobile
0 =60 + [1+ (1 —v)t)(wn —wz)

0; = 0 — [1 + (1 — 7)t](wrr — wr)
0 =1+ (1 —y)t][A = (1 = k)wn] /5

0 =1+ (1 —7)t] [A = (1 = m)wi] /x
0 = [1+ (1 =)t [A = (wr — kwn)] /5
07 = [1+ (1 =)t [A— (wn — kwy)] /w

0F ={A—(1—k)[w; +v)/(1=T)]} (1 +1t)/rk — vitA+uf k = h and j = H for Type-H automobile
k =1 and j = L for Type-L automobile
Table O: List of notations for the negotiated retail prices under the U.S. policy.

Theorem 8 Given the two automobiles’ wholesale prices (wy,wy) and the U.S. tax reduction
policy with the cutoff level A, the consumer with the valuation ¢; for the Type-j automobile
(j = H,L) and a federal income tax rate 7; € [0, 1] negotiates with the retailer. The negotiated
Type-H automobile retail price p}; and Type-L automobile retail price p} are computed as follows.
1. If (0g,01) € Q0 = {(0n,01) : O < éZH,HL < 9~ZL}, then the consumer does not buy any
automobile.
2. If Oy > @H , then the consumer may decide to buy a Type-H automobile. The price p¥; is
shown in Table P.

[ Case [ Conditions [ Negotiated Retail Price pj; l

1 (01,0) = Q1 ={(05,01) : 0 <0y <0, 0F <0, <0F Pl = Pin —H(HH—uH)/[l—l—(l—%)t}
|uyy =01 —[1+ (1 —)t]pr, vy = (1 = T)(r —wr)} +(1 = k) [wg +vpy /(1= T)]

9 (0m,0L) = Q2 = {(6n,0L) : 0" <6y <6F,6F <6, <6F I —
| ufy = 0L —[1+ (1 —)t]pr, vjy = (1= T)(pr — wr)} o

3 (GH,GL)EQHgE{(@H,QL):éth@HSéH,elLSGLSéiL p*H :p);_I?)E/i(GH-‘r’yitA—u?{)/(l-i-t)
[ ugy = 0, — 1+ (L= 3l pr, oYy = (L= 1) —wi)} | +(1—r) [wpr + 03/~ T)]

4 (0p,0L) = Qpa ={(0n,0) : 08 <0y < 0y,0F <0, <0F Py =Dy = 60 +7itA—ud)/(1+1)
|ugp =0 —[1+ (1 —)t] A vy = (1= T)(A—wr)} +(1 =) [wy +0f /(A — T)]

5 (GH,QL)EQHE,E{(OH,GL):é?SGHSéH,giLSGLSéL p*H :p}‘_ISEK(GH-‘r’YitA—u?{)/(l-i—t)
| u% =0 — (1 +t)pr + 7itA, v% =1-T7)pr —wr)} +(1— k) [wH +’U%/(1 - T)]

6 (01,01) = Qe = {(051,01) : 07 < 05y < 61,0, < GF} e w0+ (=)

7 (GH,GL)EQH7E{(0H,9L)ZG{_ISGHSéZH,QL<éZL} p*H :p;{7EA

8 (011,01) = Quzs = {(0n1,01) : 01 < 0y < 8y, 01, < ) Piy = Pis = K0 +7:tA)/(1 +1)

¢ g +(1 — kK)wgy

Table P: The negotiated retail price p}; for the consumer who buys a Type-H automobile.

3. If 0 > élL , then the consumer may decide to buy a Type-L automobile. The price p} is
shown in Table Q.
|

Using Theorem 8, we can derive the expected sales for the Type-j automobile (j = H, L) as,

D;=B {Zj: 5, [Z; ( / /ﬂ ) f(GH,GL)dGHdGL)] } (60)
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l Case [ Conditions [ Negotiated Retail Price p} ]
1 (01,00) = Q1 ={(05,0L) : 07 <05 <0F,0L <0, <0! p; =pi=r(00 —ul) /L4 (1 —v)i
|uf =0n — 1+ (1 — )t pu,vf = (1= T)(n —wn)} _ +(1—#) [wr +07 /(1= T)]
9 (9}6,91,)EQLQE{(GH,GLZ:GZIZSQHSeflleégeLgaﬁ PZZPZQEA
|uy =0 —[1+ A —v)tlpm,vp = (1= T)(Pu —wn)}
3 (0m,0L) = Qrs = {(0m,0L) : 0F <0y <07,00 <0, <0, Py =pis = k(0L +vitA—ul)/(1+1)
[0 = 0 — [L+ (L= 1) 5, o) = (LT —wi)} |+~ ) [wg +03/(1 —T)]
4 (01,00) = Qpa = {(0,01) - 07 <0n <007 <0, <0 PL = Pra = K01 +7itA—uf)/(1+1)
|u) =0n —[1+ QA - )] Av) = (1 -T)(A-wn)} +(1— k) [wp +0/(1 —T)]
5 (0r,0L) = Qs = {(0n,01) 1 07 <0y <0y,0l <0, <0y Py =pis = k(00 + vitA—uf)/(1+1)
| u% =0y — (1 -‘y—t)ﬁH + vitA, U% = (1 — T)(ﬁH — wH)} +(1 — f{) [wL + UOL/(l — T)]
— ; T =P = 0o/l (17001
6 01,0L) = Qrg = {(0,0L) : 0 < 6 6L <0, < 6F Pr =Pre =71
(0m,01) 6 = {(0m,0L) H<~17Z_L_l} (1= Kywr,
7 (01,00) = Q7 ={(0n,0L) : 0y < 0,0L <o, <0F} Py =pi,=A
8 (011,00) = Qs = {(01,00) : 0 < 07,08 < 0, <01} P = Pis = (0 +7ut4)/(1+1)
v +(1 - rk)wg,

Table Q: The negotiated retail price p} for the consumer who buys a Type-L automobile.

The total demand for the two automobiles is D = Dy + Dy. Then, we can compute the man-
ufacturer’s and the retailer’s expected profits. Specifically, the manufacturer’s and the retailer’s
expected profits are obtained as,

My = (1— T)(w — ¢)D, (61)

and

I = B(l — T) Zj:HJ/ {Zjil 0; [Zil <//ﬂ (p;k — wj)f(GH, QL)dQHd9L>] } . (62)

It follows that the system-wide expected profit is
IT =115 4+ g,
and the system-wide profit increase is computed as
S =11 — I,

where Il is obtained from II by letting v, =0 fori =1,...,n.

Similar to Section 3.2, we can compute the government’s net expense as X = B ) | je{H,L} Tj —
TS/(1—1T), where

n+1 8 "
Ty = tzizl 5{}% [Zkzl (//ﬂk pjkf(HH,HL)deHd9L>] .

Then, the profit-cost ratio can be calculated as

¢ES/X_(1—T)S/[B(1—T)Z Ts}.

‘ ) —
je{H,L}

I.2 The Chinese Tax Reduction Policy

Similar to Section I.1, for the Chinese policy, we can derive the negotiated retail price p; when the
consumer chooses to buy a Type-j automobile as follows. For the negotiation results, we define
relevant notation in Table R.

Theorem 9 Given the two automobiles’ wholesale prices (wpg,wr,) and the Chinese tax reduction
policy with the reduction percentage «, the consumer with the valuation 6; for the Type-j auto-
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W(pr; Ok) = (1= £) {0k — [1 + (1 — )t]wy } k=H,L
19 = max{a(py; 01),0} and f}? =max{(1 - T)(pr —wg),0} jk=H L;j#k
— T=HL

0

On =0 +[1+ (1 - a)t](wy —wr)

0r=0m —[1+ (1 —a)t](wyg —wy)

Table R: List of notations for the negotiated retail prices under the Chinese policy.

mobile (j = H, L) negotiates with the retailer. The negotiated Type-H automobile retail price pj;

and Type-L automobile retail price p7 are computed as follows.
1. If (0g,01) € Qp = {(0g,01) : 0 < éH,GL < éL}, then the consumer does not buy any

automobile.
2. If 0y > Oy, then the consumer may decide to buy a Type-H automobile. The price pj; is

shown in Table S.

[ Case [ Conditions [ Negotiated Retail Price pj; l
1 (0m,00) = Q1 = {(05,01) : 0y < 0y <0p,0, <0, <0.} ﬁ’}{:%"‘(l—“)wH
2 (0m,0L) = Qua = {(01,0L) : 0 < 0 < 0p,0L <0} ﬁ%:%'f‘(l_ﬁ)wH

Table S: The negotiated retail price p}; for the consumer who buys a Type-H automobile.

3. If 6;, > 0, then the consumer may decide to buy a Type-L automobile. The price pj is
shown in Table T.

[ Negotiated Retail Price p} ]

l Case [ Conditions
1 (01,00) = Q1 = {(0n,01) : 0 < 0 < 0p,0, <0, <0} ﬁz:%ﬂ‘(l—ﬁ)wL
2 (01,00) = Qro={(0n,0L) : 0y < 0,0, <0 <0} 23 =%+(1fﬁ)um

Table T: The negotiated retail price p; for the consumer who buys a Type-L automobile.

|
Using Theorem 9, we can derive the expected sales for the Type-j automobile (j = H, L) as,

> (/ N f(GH,GL)dHHd0L>] .

The total demand for the two automobiles is D = Dy + Dy. Then, we can compute the man-
ufacturer’s and the retailer’s expected profits. Specifically, the manufacturer’s and the retailer’s

expected profits are obtained as,

~

D;=B

My =01-T)(w-c)D,

and
ﬁR =B(1-1T) Zj:H,L [Zil <//Q(ﬁ;kk - wj)f(eH,HL)dQHd9L>] .

It follows that the system-wide expected profit is
f[ = ﬁ M+ ﬁ R

and the system-wide profit increase is computed as

where IIj is obtained from IT by letting oo = 0.
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Similar to Section 4.2, we can compute the government’s net expense as X =8B > jE{H,L} Tj—

TS/(1 —T), where
2
Tj=ot Zk:l (//Q_ﬁ;‘fkf(HH,GL)deHdeL> .
J

Then, the profit-cost ratio can be calculated as

&:S/X:Q—T)S/[BQ—T)Z TS“}.

. Tj —
je{H,L}
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1.3 Sensitivity Analysis

Similar to our sensitivity analysis in Section 5.2 for the base case of two separate automobile
market segments, we conduct a sensitivity analysis for the case of consumers’ choices between the
two automobiles. To compare the effectiveness of the U.S. and the Chinese tax reduction policies,
we examine the impact of the decision variables of two policies (i.e., A and «), the sales tax rate
t, the mean and standard deviation of consumers’ valuations for each automobile (F(f;) and o;),
and the correlation between 0y and 65, (i.e., p). Instead of considering two market segments, we
now assume that the two automobiles are sold to a market with the size B = 10,000. Most of
the parameter values are the same as those used in Section 5.2. We assume E(0y) = $36,000,
E(0r) = $26,000, o = o1, = 4,000, p = 0.5, wyg = $35,000, and w;, = $24,000. To investigate
the impact of p, we increase its value from 0 to 0.9 in increments of 0.1. Our sensitivity analysis
results are presented below in Tables U-Y.

Table U: Consumers’ Choices Between Two Automobiles: In Panel A, we calculate the expected
sales of each type of automobile (Dy and Dy), the retailer’s and the manufacturer’s expected
profits (IIg and IIps), the system-wide expected profit (II), and the profit-cost ratio (¢) for the
U.S. and the Chinese policies in the current U.S. setting. In Panel B, we provide the results for
the sensitivity analysis on the cutoff level A (for the U.S. policy only). Note that A > wp. In
Panel C, we provide the results for the sensitivity analysis on the tax reduction percentage « (for
the Chinese policy only).

Panel A
Policy Sales of Type-H Sales of Type-L Retailer’s Profit Manufacturer’s System-wide Profit-Cost

Automobile Automobile (x107) Profit (x107) Profit (x107) Ratio
U.S. 2421.72 4621.92 0.77230 2.47635 3.24865 1.1300
Chinese 2421.57 4622.59 0.77210 2.47648 3.24858 1.1376

Panel B

Impact of the U.S. Policy
A Dir Dy, Mr (x107) T (x107) I (x107) ¢

37000 1904.50 4621.92 0.66151 2.24360 2.90511 0.7292
39500 2410.54 4621.92 0.76815 2.47132 3.23947 1.1059
42000 2421.70 4621.92 0.77229 2.47634 3.24863 1.1299
44500 2421.72 4621.92 0.77230 2.47635 3.24865 1.1300
47000 2421.72 4621.92 0.77230 2.47635 3.24865 1.1300
49500 2421.72 4621.92 0.77230 2.47635 3.24865 1.1300
52000 2421.72 4621.92 0.77230 2.47635 3.24865 1.1300
54500 2421.72 4621.92 0.77230 2.47635 3.24865 1.1300
57000 2421.72 4621.92 0.77230 2.47635 3.24865 1.1300

Panel C

Impact of the Chinese Policy
« BH ﬁL ﬁR (><107) ﬁM (><107) ﬁ (X107) )

10% 2344.02 4584.50 0.74486 2.43016 3.17502 1.1657
18% 2415.80 4619.85 0.77006 2.47307 3.24313 1.1396
18.64% 2421.57 4622.59 0.77210 2.47648 3.24858 1.1376
25% 2478.98 4649.19 0.79258 2.51030 3.30288 1.1177
26% 2488.03 4653.25 0.79584 2.51559 3.31143 1.1146
34% 2560.63 4684.71 0.82220 2.55770 3.37990 1.0907
42% 2633.56 4714.18 0.84915 2.59936 3.44851 1.0678
50% 2706.74 4741.66 0.87669 2.64053 3.51722 1.0459
58% 2780.13 4767.13 0.90482 2.68120 3.58602 1.0250
66% 2853.60 4790.58 0.93355 2.72132 3.65486 1.0049
74% 2927.25 4812.02 0.96287 2.76087 3.72373 0.9857
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Table V: Consumers’ Choices Between Two Automobiles: A sensitivity analysis on the sales tax
rate t. Each number inside the brackets is the percentage change in the value (which is given

outside the brackets) after a tax reduction policy is implemented.

Impact of the U.S. Policy
t Dy Dy, Tz (x107) My (x107) 1 (x107) @
1% 3016.77 (1.150%) 4835.32 (0.177%) 0.9993 (1.430%) 2.8081 (0.645%) 3.8075 (0.850%) 0.9684
2% 2867.04 (2.449%) 4794.52 (0.447%) 0.9389 (2.952%) 2.7285 (1.384%) 3.6674 (1.781%) 1.0069
3% 2717.62 (3.912%) 4745.30 (0.814%) 0.8809 (4.574%) 2.6465 (2.222%) 3.5274 (2.800%) 1.0468
4% 2569.00 (5.554%) 4687.73 (1.282%) 0.8254 (6.301%) 2.5624 (3.166%) 3.3877 (3.913%) 1.0879
5% 2421.72 (7.392%) 4621.92 (1.857%) 0.7723 (8.138%) 2.4763 (4.221%) 3.2486 (5.126%) 1.1300
6% 2276.30 (9.445%) 4548.07 (2.543%) 0.7217 (10.092%) 2.3888 (5.393%) 3.1104 (6.447%) 1.1729
7% 2133.27 (11.731%) | 4466.45 (3.346%) 0.6734 (12.170%) 2.2999 (6.688%) 2.9733 (7.882%) 1.2161
8% 1993.16 (14.274%) | 4377.37 (4.270%) 0.6275 (14.377%) 2.2101 (8.111%) 2.8376 (9.437%) 1.2595
9% 1856.45 (17.098%) | 4281.24 (5.320%) 0.5839 (16.721%) 2.1198 (9.667%) 2.7037 (11.118%) 1.3027
10% 1723.62 (20.229%) 4178.48 (6.504%) 0.5426 (19.209%) 2.0292 (11.363%) 2.5718 (12.931%) 1.3454
Impact of the Chinese Policy
t Dy, Tz (x107) Tl (x107) 1 (x107) &
1% 3016.77 (1 150%) 4835.35 (0.178%) 0.9993 (1.429%) 2.8081 (0.646%) 3.8075 (0.850%) 0.9695
2% 2867.04 (2.449%) 4794.64 (0.449%) 0.9388 (2.949%) 2.7286 (1.385%) 3.6674 (1.781%) 1.0093
3% 2717.59 (3.911%) 4745.56 (0.819%) 0.8808 (4.566%) 2.6466 (2.225%) 3.5274 (2.799%) 1.0507
4% 2568.93 (5.551%) 4688.17 (1.292%) 0.8252 (6.284%) 2.5625 (3.170%) 3.3877 (3.912%) 1.0936
5% 2421.57 (7.386%) 4622.59 (1.872%) 0.7721 (8.110%) 2.4765 (4.227%) 3.2486 (5.124%) 1.1376
6% 2276.02 (9.431%) 4549.01 (2.564%) 0.7214 (10.049%) 2.3889 (5.400%) 3.1103 (6.443%) 1.1826
7% 2132.81 (11.707%) | 4467.67 (3.374%) 0.6730 (12.106%) 2.3001 (6.695%) 2.9731 (7.874%) 1.2283
8% 1992.44 (14.234%) | 4378.90 (4.306%) 0.6270 (14.287%) 2.2103 (8.117%) 2.8373 (9.423%) 1.2744
9% 1855.42 (17.033%) | 4283.05 (5.365%) 0.5833 (16.598%) 2.1199 (9.672%) 2.7031 (11.096%) 1.3206
10% 1722.20 (20.130%) | 4180.55 (6.557%) 0.5418 (19.046%) 2.0292 (11.362%) 2.5710 (12.898%) 1.3666
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Table W: Consumers’ Choices Between Two Automobiles:

A sensitivity analysis on the means

E(0f) and E(01) of the consumers’ normally-distributed valuations 6 on the Type-H automobile
and 01, on the Type-L automobile. Each number inside the brackets is the percentage change in
the value (which is given outside the brackets) after a tax reduction policy is implemented.

Impact of the U.S. Policy

Case | E(0m) | E(6L) Dy Dy, Mr(x107) M (x107) (x107) @
1 34,000 | 24,000 | 1652.89 (10.317%) | 3318.89 (3.963%) | 0.4246 (10.243%) | 1.7395 (6.588%) | 2.1640 (7.286%) | 1.7184
2 34,500 | 24,500 | 1849.93 (9.521%) | 3661.61 (3.392%) | 0.5001 (9.681%) | 1.9310 (5.948%) | 2.4311 (6.696%) | 1.5457
3 35,000 | 25,000 | 2046.17 (8.768%) | 3996.76 (2.850%) | 0.5834 (9 142%) | 2.1198 (5.339%) | 2.7033 (6.138%) | 1.3911
4 35,500 | 25,500 | 2237.92 (8.057%) | 4318.57 (2.338%) | 0.6742 (8.628%) | 2.3027 (4.763%) | 2.9769 (5.614%) | 1.2530
5 36,000 | 26,000 | 2421.72 (7.392%) | 4621.92 (1.857%) | 0.7723 (8.138%) | 2.4763 (4.221%) | 3. 2486 (5.126%) | 1.1300
6 36,500 | 26,500 | 2594.59 (6.777%) | 4902.62 (1.410%) | 0.8771 (7.674%) | 2.6384 (3.716%) | 3.5155 (4.677%) | 1.0210
7 37,000 | 27,000 | 2753.99 (6.208%) | 5157.57 (0.998%) | O. 9882 (7.236%) | 2.7866 (3.250%) | 3. 7748 (4.265%) | 0.9249
8 37,500 | 27,500 | 2898.20 (5.688%) | 5384.85 (0.623%) | 1.1050 (6.824% 2.9196 (2.823%) | 4.0247 (3.892%) | 0.8407
9 38,000 | 28,000 | 3026.17 (5.219%) | 5583.69 (0.284%) | 1.2268 (6.439%) | 3.0369 (2.437%) | 4.2637 (3.559%) | 0.7676
10 38,500 | 28,500 | 3137.52 (4.798% 5754.38 (0.001%) | 1.3530 (6.079%) | 3.1382 (2.091% 4.4912 (3.262%) | 0.7046
Impact of the Chinese Policy
Case | E(0mg) | E(61) Dy Dy, r(x107) Iar(x107) I(x107) )
1 34,000 | 24,000 | 1652.42 (10.285%) | 3319.24 (3.974%) | 0.4244 (10.193%) | 1.7394 (6.581%) | 2.1637 (7.271%) | 1.7349
2 34,500 | 24,500 | 1849.54 (9.498%) | 3662.06 (3.405%) | 0.4999 (9.637%) | 1.9309 (5.946%) | 2.4308 (6.685%) | 1.5593
3 35,000 | 25,000 | 2045.86 (8.751%) | 3997.30 (2.864%) | 0.5832 (9.105%) | 2.1198 (5.340%) | 2.7030 (6.130%) | 1.4023
4 35,500 | 25,500 | 2237.69 (8.046%) | 4319.18 (2.352%) | 0.6740 (8.595%) | 2.3027 (4.766%) | 2.9768 (5.610%) | 1.2622
5 36,000 | 26,000 | 2421.57 (7.386%) | 4622.59 (1.872%) | 0.7721 (8.110%) | 2.4765 (4.227%) | 3.2486 (5.124%) | 1.1376
6 36,500 | 26,500 | 2594.46 (6.771%) | 4903.33 (1.425%) | 0.8769 (7.650%) | 2.6385 (3 723%) 3.5155 (4.676%) | 1.0273
7 37,000 | 27,000 | 2753.93 (6.204%) | 5158.29 (1.013%) | 0.9881 (7.215%) | 2.7868 (3.257%) 37718 (4.265%) | 0.9301
8 37,500 | 27,500 | 2898.18 (5.686%) | 5385.57 (0.636%) | 1.1048 (6.806%) | 2.9199 (2.831%) | 4.0247 (3.892%) | 0.8450
9 38,000 | 28,000 | 3026.16 (5.218% 5584.37 (0.296%) | 1.2266 (6.423% 3.0371 (2.445%) | 4.2637 (3.559%) | 0.7710
10 38,500 | 28,500 | 3137.52 (4.798%) | 5755.03 (0.005%) | 1.3528 (6.066%) | 3.1384 (2.099%) | 4.4912 (3.262%) | 0.7074

xlvi




Tazxz Reduction Policies

Online Appendices

Table X: Consumers’ Choices Between Two Automobiles: A sensitivity analysis on the standard
deviation oy of the consumers’ normally-distributed valuations 6y on the Type-H automobile and

01, on the Type-L automobile. Each number inside the brackets is the percentage change in the

value (which is given outside the brackets) after a tax reduction policy is implemented.

Impact of the U.S. Policy

og Dy Dy, Tr(x107) T (x107) TI(x107) @

2000 | 1614.22 (17.053%) | 5924.43 (3.604%) | 0.4523 (13.989%) 2.5037 (7.177%) | 2.9560 (8.175%) 1.8903
2500 | 1919.50 (12.883%) | 5411.25 (2.938%) | 0.5285 (11.834%) 2.4872 (6.187%) | 3.0157 (7.138%) 1.6105
3000 | 2136.84 (10.335%) | 5061.92 (2.467%) | 0.6081 (10.260%) 2.4802 (5.380%) | 3.0883 (6.307%) 1.4020
3500 2298.00 (8.622%) 4810.63 (2.120%) 0.6897 (9.068%) 2.4773 (4.737%) | 3.1669 (5.651%) 1.2473
4000 2421.72 (7.392%) 4621.92 (1.857%) 0.7723 (8.138%) 2.4763 (4.221%) | 3.2486 (5.126%) 1.1300
4500 2519.46 (6.468%) 4475.32 (1.651%) 0.8558 (7.395%) 2.4764 (3.801%) | 3.3322 (4.701%) 1.0390
5000 2598.52 (5.748%) 4358.29 (1.485%) 0.9399 (6.787%) 2.4769 (3.454%) 3 4167 (4.350%) | 0.9668
5500 2663.73 (5.172%) 4262.80 (1.349% 1.0243 (6.282%) 2.4775 (3.163%) 3.5018 (4.056%) | 0.9085
6000 2718.40 (4.701%) 4183.45 (1.236%) 1.1090 (5.856%) 2.4783 (2.917%) 3 5874 (3.808%) | 0.8605

Impact of the Chinese Policy

oy Dy Dy, TR(x107) Tl (x107) TI(x107) &

2000 | 1613.49 (17.000%) | 5927.35 (3.655%) | 0.4517 (13.916%) 2.5043 (7.200%) | 2.9560 (8.175%) 1.9197
2500 | 1919.05 (12.856%) | 5413.09 (2.973%) | 0.5282 (11.779%) 2.4875 (6.202%) | 3.0157 (7.138%) 1.6299
3000 | 2136.54 (10.320%) | 5063.16 (2.492%) | 0.6079 (10.217%) 2.4804 (5.390%) | 3.0883 (6.307%) 1.4156
3500 2297.79 (8.612%) 4811.53 (2.139%) 0.6894 (9.034%) 2.4775 (4.745%) | 3.1668 (5.649%) 1.2572
4000 2421.57 (7.386%) 4622.59 (1.872%) 0.7721 (8.110%) 2.4765 (4.227%) | 3.2486 (5.124%) 1.1376
4500 2519.35 (6.463%) 4475.84 (1.663%) 0.8557 (7.371%) 2.4765 (3.805%) | 3.3321 (4.698%) 1.0450
5000 2598.43 (5.745%) 4358.71 (1.495%) 0.9397 (6.767%) 2.4769 (3.458%) 3 4166 (4.347%) | 0.9717
5500 2663.66 (5.169%) 4263.15 (1.357% 1.0241 (6.264%) 2.4776 (3.166%) 3.5017 (4.053%) | 0.9124
6000 2718.34 (4.698%) 4183.73 (1.242%) 1.1089 (5.840%) 2.4784 (2.919%) 3 5872 (3.805%) | 0.8638
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Table Y: Consumers’ Choices Between Two Automobiles: A sensitivity analysis on the correlation
coefficient p of the consumers’ normally-distributed valuations 0 on the Type-H automobile and
01, on the Type-L automobile. Each number inside the brackets is the percentage change in the

value (which is given outside the brackets) after a tax reduction policy is implemented.

Impact of the U.S. Policy
P Dy Dy, Mxr(x107) M (x107) (x107) @
-0.8 3885.91 (4.441%) 5372.09 (1.376%) | 0.9910 (8.613%) | 3.3603 (2.948%) | 4.3513 (4.186%) | 0.8658
-0.6 3643.06 (4.827%) 5181.46 (1.542%) | 0.9627 (8.426%) | 3.1938 (3.202%) | 4.1565 (4.367%) | 0.9166
-0.4 3434.24 (5.155%) 5033.59 (1.645%) | 0.9336 (8.312%) | 3.0555 (3.390%) | 3.9891 (4.502%) | 0.9549
-0.2 3235.55 (5.490%) 4909.04 (1.722%) | 0.9030 (8.237%) | 2.9287 (3.561%) | 3.8317 (4.626%) | 0.9901
0 3034.34 (5.875%) 4801.55 (1.783%) | 0.8703 (8.188%) | 2.8058 (3.731%) | 3.6761 (4.755%) 1.0255
0.2 2817.91 (6.335%) 4710.64 (1.829%) | 0.8344 (8.158%) | 2.6812 (3.910%) | 3.5156 (4.888%) 1.0633
0.4 2568.73 (6.961%) 4642.23 (1.855%) | 0.7944 (8.143%) | 2.5486 (4.109%) | 3.3430 (5.040%) 1.1059
0.6 2248.92 (7.968%) 4618.08 (1.849%) | 0.7482 (8.133%) | 2.3974 (4.345%) | 3.1456 (5.222%) 1.1569
0.8 1733.00 (10.280%) | 4732.92 (1.785%) | 0.6910 (8.087%) | 2.1997 (4.643%) 2.8908 (5.446%) 1.2218
Impact of the Chinese Policy

P Dy Dy, TR(x107) Tla (x107) TI(x107) &
-0.8 3887.16 (4.475%) 5373.61 (1.405%) | 0.9908 (8.590%) | 3.3613 (2.979%) | 4.3521 (4.205%) | 0.8748
-0.6 3643.82 (4.849%) 5182.57 (1.563%) | 0.9625 (8.402%) | 3.1945 (3.224%) | 4.1570 (4.378%) | 0.9245
-0.4 3434.75 (5.171%) 5034.51 (1.663%) | 0.9334 (8.287%) | 3.0560 (3.407%) | 3.9894 (4.509%) | 0.9623
-0.2 3235.89 (5.501%) 4909.85 (1.739%) | 0.9028 (8.212%) | 2.9291 (3.575%) | 3.8319 (4.631%) | 0.9973
0 3034.34 (5.875%) 4802.29 (1.799%) | 0.8699 (8.162%) | 2.8061 (3.742%) | 3.6761 (4.755%) 1.0327
0.2 2817.90 (6.334%) 4711.34 (1.844%) | 0.8342 (8.131%) | 2.6815 (3.919%) | 3.5156 (4.888%) 1.0706
0.4 2568.65 (6.958%) 4642.90 (1.869%) | 0.7942 (8.115%) | 2.5488 (4.116%) | 3.3430 (5.039%) 1.1133
0.6 2248.67 (7.956%) 4618.76 (1.864%) | 0.7480 (8.104%) | 2.3975 (4.349%) | 3.1455 (5.218%) 1.1646
0.8 1732.48 (10.247%) | 4733.71 (1.802%) | 0.6908 (8.057%) | 2.1997 (4.643%) 2.8906 (5.439%) 1.2296
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