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Abstract

Tax Policy Analysis in a Flexible Computable General Equilibrium Model:

Applications to Energy and Gross Receipts Taxation
by
André J. Barbé

In this paper, I construct a new general equilibrium model of the United States economy
that is better able to analyze energy and gross receipts taxes than previous models. Existing
models in the energy literature fall into two groups: general equilibrium models of the
entire economy with exogenous energy resource supply and partial equilibrium models of
the energy sector with endogenous resource supply. I combine the main advantages of these
two strains of the literature by incorporating endogenous resource supply in a computable
general equilibrium model with highly disaggregated and flexible industry cost and consumer
expenditure functions. My new model is able to analyze all the major inefficiencies caused
by energy taxation, i.e. those related to production, consumption, resource rents, and
externalities.

In addition to its application in energy, my model is also ideal for looking at gross receipts
and retails sales taxes. Gross receipts and retail sales taxes are important revenues sources
for most US states and share many of the same issues as energy taxes. Retail sales taxes
are commonly viewed as more efficient than gross receipts taxes because the latter apply to
intermediate goods and thus result in production and consumption inefficiencies. However,
in reality the retail sales taxes used by the US states are not pure consumption taxes, but tax
many intermediate inputs while exempting many consumption goods. My model determines
whether retail sales taxes are still more efficient than gross receipts taxes when these realistic
factors are included.

As an application, I use the model to analyze two tax reforms for energy or gross re-
ceipts taxes. First, President Obama’s 2014 budget proposes to reform energy taxation by
eliminating fossil fuel tax preferences. I find that the budget’s tax increases for fossil fuels
increase household welfare if the social cost of carbon emissions is over $14 per ton but oth-
erwise reduce welfare. Second, I also use the model to examine a tax reform that replaces
a typical retail sales tax with a generic gross receipts tax. Contrary to the conventional
wisdom, I find that the gross receipts tax is more efficient than the retail sales tax, with an
efficiency cost that is 6.8 percent of revenues less than that of the retail sales tax. These
results demonstrate that the predicted impacts of the tax reforms are significantly altered by
the features included in my model: general equilibrium effects, flexible substitution, resource

rents, and externalities.
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Chapter 1

Introduction

Federal corporate income tax reform is a perennial topic of scholarly discussion among public
finance economists in the US. The tax code is rife with deductions and exemptions that could
be eliminated in order to broaden the tax base and lower its rate. In particular, fossil fuels
have been a target of President Obama’s budgets in recent years. The president’s 2014 budget
would eliminate $144 billion worth of provisions it identifies as tax preferences for fossil fuel
production (Treasury, 2013).

The Obama administration makes a standard tax neutrality argument to justify the budget’s
tax changes. In general, a tax is considered neutral if it does not influence economic choices
such as which inputs or technologies are used for production, how investment is allocated across
assets or industries, how firms are organized, or how investments are financed. Tax neutrality is
beneficial because it is necessary for production and consumption efficiency. However, experts
disagree which parts of the tax code — e.g., tax credits, deductions, or tax rates — are neutral.

However, it is not the individual parts but the tax code as a whole that should be neutral.
The neutrality of individual tax provisions only matters in so far as they determine the neutrality
of the tax code as a whole. Therefore, in order to determine if the proposed changes increase
tax neutrality, the entire code must be examined, not just these particular provisions. The
true question is not merely whether these individual provisions favor fossil fuel production, but
whether the tax code as a whole does.

Unfortunately, this type of descriptive analysis can only go so far before formal economic
models are necessary. There are two general categories of models in the energy taxation litera-
ture. The first takes a partial equilibrium (PE) approach that models energy resource develop-

ment in great detail but has a highly simplified representation of the rest of the economy. The



second uses a computable general equilibrium (CGE) approach that models many production
sectors in the economy but has little detail on the differences between energy extraction and
other sectors. Therefore both of these methods are missing a key feature that the other has.

This paper builds a new model that combines the most important features of both ap-
proaches. My model is a computable general equilibrium model of the US economy that includes
both endogenous resource supply and externalities. Moreover, 1 use translog cost and expen-
diture functions that allow for flexible substitution by firms across inputs and by consumers
across goods. The resulting model allows a comprehensive analysis of the three primary areas in
which energy taxes may create or reduce inefficiencies: production and consumption, resource
rents, and externalities.

In addition to examining energy taxes, my model’s detailed treatment of substitution allows
it to answer questions that arise in other areas of taxation. Specifically, I determine the relative
efficiency of gross receipt taxes (GRTs) and retail sales taxes (RSTs). Although GRTs and
RSTs are important sources of revenue for US states, GRTs are widely viewed as less efficient
than RSTs because GRTs tax intermediate goods. Intermediate good taxation is well known to
cause productive and consumptive inefficiency. Nevertheless, the actual RSTs implemented by
US states also tax intermediate goods. Which of these two taxes causes greater intermediate
good taxation and social inefficiency is thus an empirical question.

The key issue for this empirical question is intermediate good taxation and the production
and consumption inefficiency it causes. My model accurately analyzes these distortions for GRT's
and RSTs through the flexible substitution of the translog cost and expenditure functions. The
same features that enable my model to capture these inefficiencies in energy taxes also work
for GRTs and RSTs. Thus, my model is able to determine if RSTs are still more efficient than
GRTs when these inefficiencies are included.

The overall outline of the dissertation is as follows. In Chapter [2| I provide descriptive
analysis of the fossil fuel tax changes in President Obama’s 2014 budget proposal. I examine
whether the provisions changed by the budget are in fact tax preferences and compare the
budget’s proposed changes to both current law and the tax treatment of that issue under a
neutral tax system. I also analyze whether the current tax system favors fossil fuel production
compared to other sectors. I look at not only corporate income taxes that have been the focus
of previous research, but also at various production-based taxes. The evidence I uncover does

not show that the budget proposal improves the neutrality of the tax code or that the current



law tax code favors fossil fuel production more than a neutral tax system would.

In Chapter [3] I construct a computable general equilibrium model of the US economy with
endogenous resource supply, flexible substitution, and externalities. I describe the model equa-
tions, the data used to parametrize these equations, and other assumptions. I then use the
model to simulate the macroeconomic effects of the president’s budget proposal. I find that
the budget proposal will reduce domestic fossil fuel production. It will also reduce household
welfare before carbon externalities are accounted for. The social cost of carbon needs to be at
least $14 per ton in order for reduced carbon emissions to make up for the social efficiency costs
of the budget proposal.

In Chapter[4] I examine the relative efficiency of GRTs and RSTs. I utilize a modified version
of the model developed in Chapter [3] to compare a GRT and an RST with common exemptions.
For the particular RST and GRT analyzed, I find that, contrary to the conventional wisdom,
the gross receipts tax is more efficient than the retail sales tax. The excess burden of the GRT
is 6.8 percent of revenues less than the excess burden of the equal-yield retail sales tax.

The innovations combined in my model significantly impact the estimates of these tax re-
forms. In regards to the president’s budget proposal, a general equilibrium model without
flexible substitution would overstate the proposal’s reduction in carbon emissions or understate
the efficiency loss from input substitution. Similarly, a model without externalities would un-
derestimate the benefits of the proposal. By contrast, my model address both of these pitfalls.
Furthermore, sensitivity tests illustrate that both my model’s inclusion of an energy resource
and the general equilibrium effects of import substitution also have important welfare impacts.
Moreover, flexible substitution and general equilibrium effects play key roles for GRTs and
RSTs as well. My model shows that once these features are included, GRTs are actually more
efficient than RSTs. Taken together, the results confirm the importance of my model’s inclu-
sion of general equilibrium effects, productive and consumptive efficiency, resource rents, and

externalities.



Chapter 2

Energy Taxation in the President’s

2014 Budget

2.1 Introduction

President Obama’s 2014 budget proposes to raise billions of dollars in tax revenue by in-
creasing taxes on fossil fuel production. The president himself noted that “these companies pay
a lower tax rate than most other companies on their investments, partly because we'’re giving
them billions in tax giveaways every year” (Office of the Press Secretary, 2012). The budget
proposal would change the taxation of fossil fuels by delaying or eliminating deductions and
reinstating expired taxes. Table lists revenue estimates of these changes, as calculated by
the Treasury (2013) and the Joint Committee on Taxation (2013), hereafter JCT. The president
has stated that these provisions are tax preferences and that they contribute to investment in
fossil fuel production facing a lower effective tax rate than investment in other sectors of the
economyE] The Treasury and the JCT have also stated that, under current law, the US federal
income tax code contains tax preferences that favor the production of fossil fuels (Treasury,
2013; JCT, 2012)E] Treasury argues reduced energy securitylt_‘rl7 higher carbon emissions, and
higher taxes on the rest of the economy are consequences of this distortion.

The Obama administration has invoked tax neutrality to justify the budget’s tax changes.

!The statutory tax rate is the legally imposed rate on taxable income. Effective tax rates are a more robust
measure of taxation that also includes the effect of credits, deductions, the timing of payments, etc. See Section
for more details.

2 Although JCT (2012) analyzes the 2013 budget proposal, the proposed changes to fossil fuel taxation are
virtually identical to those in the 2014 budget proposal.

3Treasury does not elaborate on how tax preferences that encourage domestic fossil fuel production reduce
energy security.



Table 2.1: Revenue Estimates of Provisions of the President’s 2014 Budget for 2013-23 ($
millions)

Provision JCT (2013) | Treasury (2013)
Repeal LIFO inventory accounting for all sectors 78,299 80,822
Repeal the domestic manufacturing deduction for

fossil fuels 19,881 17,856
Repeal expensing of intangible drilling costs 13,698 10,993
Repeal percentage depletion for oil and gas 11,118 10,723
Reinstate Superfund excise taxes! 8,153 8,032
Modify tax rules for dual capacity taxpayers 7,896 10,964
Increase Oil Spill Liability Trust Fund financing rate 1,863 1,058
Increase geological and geophysical amortization period 1,251 1,363
Repeal the capital gains treatment of coal royalties 603 432
Repeal percentage depletion for coal and other hard

mineral fossil fuels 595 1,982
Repeal expensing of coal exploration and development 591 432
All other fossil fuel specific provisions 270 181
Total 144,218 144,838

Notes: (1) This is the revenue estimate for all 3 Superfund excise taxes combined. However, only
one of the three, a tax on petroleum, is relevant to the energy industry. But from 1991-1995 this
one tax accounted for 68% of the total revenue of the three taxes (Ramseur, Reisch, and McCarthy,
2008).
Tax neutrality is a useful concept because previous work has shown that under certain as-
sumptions, neutral taxes are both social efficient and sufficient to achieve redistributive goals
(Atkinson and Stiglitz, |1976; Diamond and Mirrlees, 1971)ﬁ In particular, tax neutrality is
necessary for production and consumption efﬁciencyﬂ Neutrality is thus a proxy for efficiency
that is easier to measure. This means that in addition to the negative consequences cited
by Treasury, favoritism of fossil fuels would decrease social welfare. Unfortunately, measuring
neutrality is still difficult and scholars disagree over the exact traits of a neutral tax system.
However, the key question is not merely whether these individual provisions favor fossil fuel
production, but whether the tax code as a whole does. In this chapter, I analyze not only the
neutrality of the individual provisions, but also whether fossil fuel production is favored under
current law.

In order to examine this issue, I take a more comprehensive view of the current law tax
system as well. The standard yardstick for measuring the aggregate effect of the entire tax code
is the effective tax rate. An effective tax rate includes not only the statutory rate, but also
the availability of deduction and credits. In this chapter, I review past estimates of marginal

effective tax rates for fossil fuels. Unfortunately, by focusing on marginal effective tax rates on

“See also Hammond (2000) and Hellwig (2008).
°I refer to production efficiency in the same sense as Diamond and Mirrlees (1971).



investment, the literature has overlooked an extremely large amount of production based taxes.
By contrast, I utilize an average effective tax rate methodology that allows me to include these
taxes as well.

The organization of this chapter is as follows: in Section I discuss each change proposed
in the 2014 budget that is relevant to fossil fuel production. I examine whether the provisions
changed by the budget are in fact tax preferences, and if so, whether the proposed change
successfully addresses the issue. I do so by comparing the budget’s proposed changes to both
current law and the tax treatment of that issue under a neutral tax system. Then in Section
[2.3] T take a more comprehensive view of the current tax system. I examine the current law
effective tax rates facing fossil fuel production and account for both income taxes and also

production-based taxes. Section summarizes findings and concludes.

2.2 Individual Provisions of the Budget Proposal

2.2.1 Last-in, First-out (LIFO) Inventory Accounting

Last-in, First-out (LIFO) is a system of inventory accounting that determines firm tax
deductions. Under current law, taxpayers are allowed to deduct the cost of acquiring the goods
they sell. However, the appropriate cost becomes unclear when the firm is selling goods from an
inventory containing goods acquired at different times, each of which was bought at a different
price. The LIFO and FIFO methods determine which price to use in this SituationE] Under
last-in, first-out (LIFO), when a unit of a good is removed from inventory, the price of the
last (most recent) unit of that good put into the inventory is used to calculate net income
from the sale of the good. Under first-in, first-out (FIFO), when a unit of a good is removed
from inventory, the price of the first (least recent) unit of the good put in inventory is used to
calculate net income from the sale of the good.

LIFO and FIFO can give significantly different prices and deductions. When the price of
an inventory item is increasing, such as due to inflation, the cost of goods sold is higher under
LIFO than FIFO. A higher cost of goods sold in a period translates to lower net taxable income
and thus lower taxes paid in that period. The lower cost of goods sold from the less recent

period is not used until inventories are drawn down. But if inventories are never drawn down,

5See Congressional Budget Office (2011)), hereafter CBO, for a description of LIFO, FIFO, and the “specific
identification” inventory accounting methods, their interaction with “lower of cost or market” changes, and
arguments for and against them.



this lower cost of goods sold is never used and those inventory items’ appreciation, whether
inflationary or not, is never taxed.

Although LIFO accounting is not unique to firms that produce fossil fuels, LIFO is dispro-
portionately used by firms in the energy sector. Energy companies account for more than 82
percent of the LIFO reserves of all companies on the S&P 500 Index (Przybyla, 2011)). Energy
companies also use LIFO more than other firms both as a fraction of inventories and by dollar
value. LIFO reserves average $2.6 billion or 199 percent of inventories for oil and gas firms that
use LIFO. For firms in other sectors that use LIFO, LIFO reserves range from $13 million up to
$150 million and from 2 to 28 percent of inventories (Tipton, 2012). In addition, among corpo-
rations with inventories valued at over 1 million dollars, overall only 23 percent of inventories
are LIFO. But for the petroleum refining, 73 percent of inventories are LIFO (Knittel, 2009)).

President Obama’s 2014 budget proposal would repeal the LIFO inventory accounting
method for income tax purposes, regardless of the use of LIFO on the firm’s financial statement
(Treasury, 2013). Taxpayers that currently use LIFO would be required to write up their be-
ginning LIFO inventory to its FIFO value in the first taxable year beginning in 2014 (Treasury,
2013). The resulting increase in income is taken into account ratably over 10 years (Treasury,
2013).

In a neutral tax system, taxes would be imposed on real economic income, not increases that
are attributable to inflation. Gains from inflation would not be taxed, but neither would an in-
centive be created to retain inventories. And inventory appreciation that is not due to inflation
would be taxed. In contrast to the president’s proposal, Treasury (1984) recommends achieving
these goals by allowing firms to choose between FIFO indexed for inflation or LIFOE] Conversely,
as previously noted, LIFO allows firms to defer taxes on the gains from their inventory appreci-
ating by maintaining their inventory stock. So I recommend mandatory inflation-indexed FIFO
as the ideal method. However, the president’s proposal is for non-indexed FIFO. Without in-
dexing, it is unclear if the FIFO requirement proposed by the president would be more or less

neutral than the current system.

"Kleinbard, Plesko, and Goodman (2006) notes that inflation affects all capital investment, not just inventories.
Therefore, they say that inflation should be dealt with in a systematic manner instead of through LIFO. They
contend that LIFO is a piecemeal solution affecting only inventories and thus favors investment in inventories
over other forms of investment. This argument on the theory of the second best adds another layer of ambiguity.



2.2.2 Domestic Manufacturing Deduction

The domestic manufacturing deduction was added to the tax code with the American Jobs
Creation Act of 2004 with the intent of encouraging domestic investment and improving the
competitiveness of US manufacturers in global markets (Blouin, Krull, and Schwab, 2007)). It
allows a taxpayer to deduct a percentage of their income derived from domestic manufacturing
activities (Pirog,2012). The percentage of the deduction is six percent for oil and gas production
and is nine percent for other qualifying industries. The president’s 2014 budget proposal would
repeal the domestic manufacturing deduction for income derived from the domestic production
of oil, gas, coal, and other hard mineral fossil fuels (Treasury, 2013).

There are two margins on which this change needs to be considered: which industries receive
the deduction and imports versus domestic production. In regards to first issue, the change
would level the playing field between fossil fuels and industries that do not receive the deduction.
But it would also increase the gap between still deductible industries and fossil fuels. The
second dimension of the change is the choice between domestic production and importation.
Eliminating the deduction would increase the favorability of importing fossil fuels instead of
domestic production. Although this paper will not attempt to weigh the merits of energy
security against free trade, Treasury (2013) has mentioned improving energy security as one of
the reasons for the tax changes. This provision of the budget proposal would not accomplish this

goal: increasing the favorability of importing fossil would actually reduce US energy security.

2.2.3 Expensing of Intangible Drilling Costs

Intangible drilling costs (IDCs) are expenditures made in preparation of wells for the produc-
tion of oil, natural gas, or geothermal energy that are not for the purchase of tangible property.
For example, wages and fuel are examples of IDCs but pipelines are not (Treasury, 1984). Most
taxpayers may elect to either expense or capitalize these costs. Integrated oil and gas com-
panies, however, are not allowed to fully expense IDCs but must capitalize 30% of intangible
drilling expenses over a 60-month period (JCT, 2012)@

The president’s 2014 budget proposal repeals both the expensing and 60-month amortization
of IDCs for all firms (Treasury, 2013). Intangible drilling costs instead would be capitalized as

depreciable or depletable property (Treasury, 2013)ﬂ Although the expensing of intangible

8Integrated oil and gas companies refer to oil and gas producers that conduct production, refining, and retail
sales activities (JCT, 2012).
9Typically, depreciable assets are used to recover depletable assets (JCT, 2012).



drilling costs is not exclusively for oil and natural gas but also geothermal energy, both JCT
(2012) and Treasury (2013) only discuss repeal for fossil fuels, not geothermal.

Under a neutral income tax system, expenses relating to the creation of a capital asset
should not be expensed, but capitalized, with the tax depreciation allowance equal to the
economic depreciation rate of the capital asset produced. However, it is not clear what generally
applicable rules would then apply to IDCs nor what the true rate of economic depreciation is.
It is thus not possible to compare whether the old or new rates are closer to the economic
rate of depreciationm However, one clear advantage of this change is that it would remove
the different tax treatment between firms due to organizational form since it would remove a

deduction not available to integrated oil companies/]

2.2.4 Percentage Depletion

Depletion deductions are similar to depreciation deductions. They are both deductions
taxpayers receive as capital is reduced in value as it produces income. For fossil fuels, the
cost of acquiring the lease for a property’s mineral rights is deductible through depletion, not
depreciation (JCT, 2012). The tax code recognizes two methods for the calculation of depletion
deductions: cost depletion and percentage depletionH

Under the cost depletion method, each year the taxpayer deducts an amount equal to the
amount of the resource recovered that year times the cost of acquiring the lease divided by the
total amount of the resource in the property. Under the percentage depletion method, a constant
percentage, varying from five to 22 percent (depending on the type of resource extracted) of the
taxpayer’s gross income from a producing property is allowed as a deduction from net income
in each taxable year (JCT, 2012)H

A disadvantage of percentage depletion is that it does not depend on the costs of acquiring
the property and thus has no direct relationship to cost recovery. Over the years 1968-2000

government revenue was decreased by a total of $82 billion in year 2000 dollars because of the

10T here is no reference in the proposal to what the new rules are or if there even is a single set of rules which
would now apply to all IDCs. It appears that expenditures that are currently grouped together under the category
of IDC would have a variety of different treatments.

'See CBO (2011) for further discussion of this issue.

12 Additional explanation of the two depletion methods is available in Internal Revenue Service (2011a)), here-
after IRS.

130Other limitations on percentage depletion exist as well. For example, for non-integrated oil companies, the
deduction is limited to domestic US production on the first one thousand barrels per day per well and is also
limited to 65 percent of net income on that particular property. Integrated oil companies are not allowed to use
the percentage depletion deduction at all (Smalling, [2012).
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greater deductions available to the petroleum industry in percentage depletion compared to cost
depletion (U.S. General Accounting Office, 2000). In addition, cumulative depletion deductions
may be greater than the amount expended by the taxpayer to acquire the property in the first
place (JCT, 2012).

The president’s 2014 budget proposal would repeal the percentage depletion deduction for
fossil fuels but retain it for other mining (Treasury, 2013). All properties and firms engaged in
fossil fuel extraction would use the cost depletion method instead (Treasury, 2013).

In isolation, percentage depletion is non-neutral. The percentages are chosen based on non-
economic criteria such as the type of resource being extracted and eligibility varies depending
on firm organizational form. Percentage depletion is also not directly linked to the cost of the
actual capital invested. If this tax were revised to be neutral, is unclear what the optimal
deprecation rate would be. But using the rate at which minerals are removed from the property
as the deprecation rate (as cost depletion does) would at least ensure that full write off only
occurs when all the minerals are removed from the property. So it appears to be a more neutral
method than using percentage depletion.

However, including other taxes into the analysis increases the favorability of percentage
depletion. In 2011, 35 of the 50 states imposed a severance tax on the extraction of natural
resources (Telles, O’Sullivan, and Willhide, [2012). These taxes are usually imposed at a flat
rate per unit of the commodity (per ton of coal, per barrel of oil, etc.) (Zelio and Houlihan,
2008]). As shown in Table of Section aggregate revenue from these production taxes for
oil and gas extraction averages $20 billion per year. Such taxes are distortionary because they
reduce the marginal revenue of additional extraction compared to its marginal cost, causing
early shutdown of otherwise still productive property. A percentage depletion allowance less
than or equal to the severance tax rate would be efficiency enhancing by effectively canceling
out part of the severance tax and thus increasing productionE

In addition, the percentage depletion deduction is repealed for fossil fuel extraction but not
all resources. However the arguments for and against percentage depletion in fossil fuel extrac-
tion also apply to mining for other resources, which would retain their percentage depletion

deduction under the proposal. By contrast, under a neutral tax system all forms of extraction

14 Although using percentage depletion to cancel out these taxes would mean the original purpose of the
depletion deduction, recovering capital costs incurred in acquiring the property, would not be served. Additionally,
this means that federal tax law is being used to eliminate inefficiencies in state tax law. Although not relevant
for determining tax neutrality, the appropriateness of such a use of federal law raises important political issues.
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would have uniform depletion rules that do not vary based on the resource extracted.

This means that the repeal of percentage depletion has two effects. It increases the neutrality
of the code because percentage depletion is itself distortionary. But it also reduces the neutrality
of the code by eliminating a deduction that offsets other distortionary taxes and through favoring
non-fossil fuel resource extraction over fossil fuel extraction. It is necessary to calculate the
relative size of the two components in order to determine if the net effect is efficiency enhancing
or reducing. Therefore the descriptive analysis conducted so far can not determine the neutrality

of this provision.

2.2.5 Oil Spill Liability Trust Fund

Currently an excise tax of 8 cents per barrel is imposed on crude oil produced in the US
and crude oil and petroleum products imported into the USE This tax is scheduled to increase
to 9 cents per barrel during 2017 and then expire in 2018. However, the excise tax has been
repeatedly extended since its creation in 1990 and is assumed to be permanent for federal budget
scorekeeping purposes (JCT, 2011).

The proceeds from this excise tax are deposited in the Oil Spill Liability Trust Fund, which
is used to pay for various costs resulting from oil spills and their subsequent cleanup (Treasury,
2013). The fund pays for claims that are not covered by the responsible party, up to a $1 billion
per incident limit and can reimburse the responsible party for some oil spill cleanup costs if the
spill was not caused by negligence or violation of federal regulationsE The fund also pays for
government oil spill prevention and response programs (Treasury, 2013).

For the purposes of this tax, “crude o0il” does not include synthetic petroleum or unconven-
tional crudes. This means that domestically produced shale oil, refined oil, and liquids from
coal, tar sands, and biomass are not taxed (JCT, 2012). Refined oil is taxed if imported because
it is included under “petroleum products” but imported tar sands are not (IRS, 2011).

The president’s 2014 budget proposal increases the excise tax to 9 cents per barrel for 2014-
2016 and to 10 cents per barrel for 2017 and onwards (Treasury, 2013). The tax would also be
extended to apply to crudes that are produced from bituminous deposits and kerogen-rich rock,

e.g. shale oil (Treasury, 2013).

15The excise tax rate is also called the financing rate.

16Responsible parties are reimbursed for cleanup costs over a fixed amount that depends on the size of the
vessel or facility the spill occurred at. However, Woods (2008)) notes that the standards used to prove that the
responsible party was not negligent can make it difficult for responsible parties to receive this reimbursement.
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In the case of smaller oil spills, strict civil liability for the full costs of the oil spill is optimal as
it fully internalizes both the cost of the oil spill and the cost of prevention. The main argument
for a trust fund is the case of catastrophic oil spills where the damages exceed the ability of
the responsible party to pay. Previous literature has advocated two solutions to dealing with
catastrophic oil spills: mandatory insurance and a prospective excess liability tax (Cohen et
al., |2011} Viscusi and Zeckhauser, 2011)). Under a prospective excess liability tax, responsible
parties would still face full strict liability but a tax would also be imposed and the federal
government would pay for any damages that exceed the value of the responsible party’s assets.
This tax’s rate would need to be actuarially fair with respect to the probability the activity
causes an accident that could not be covered by the responsible party’s assets.

The excise tax used to fund the Oil Spill Liability Trust Fund is much closer to a prospective
excess liability tax than mandatory insurance, so that is the comparison I will make to judge
the neutrality of the tax. However, the trust fund’s excise tax differs from a prospective excess
liability tax in two ways: it does not have an actuarially fair rate and has only limited liability.
And the president’s proposal to increase the excise tax rate and extend it to other forms of oil
production would make the difference even larger.

The Oil Spill Liability Trust Fund excise tax differs from a prospective excess liability tax
take in a number of key areas. A prospective excess liability tax has an actuarially fair tax rate
equal to the expected cost to the trust fund per barrel produced. However, there is no evidence
the current rate of 8 cents per barrel or the president’s proposed increase to 9 cents per barrel
are based on the expected cost to the trust fund. And ideally, the rate would also vary with
the level of safety taken by the firm, although the benefits of a more accurate rate need to be
weighed against the difficulty of administrating such a tax. Additionally, extending the tax to
include unconventional deposits is problematic. Taxing onshore and offshore oil production at
the same rate is not actuarially fair if catastrophic onshore oil pollution has a lower cleanup
cost or likelihood than offshore. This could easily be the case because spills from the extraction
of crude from oil sands onshore (or in fact, any onshore oil extraction) are easier to repair
structures for and bring responders to when compared with oil spills that occur offshore like
the Deepwater Horizon (Macondo)m

In addition, it is worth noting that the purpose of the tax is to pay for catastrophic oil

17 Although they do not calculate cleanup costs per barrel produced, comparison of onshore cleanup costs
estimated by Connor et al. (2011) and offshore costs by Kontovas, Psaraftis, and Ventikos (2010) illustrate the
markedly higher price of offshore cleanup.
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spills that exceed the responsible party’s ability to pay, not smaller oil spills for which the
responsible party can pay. Thus a neutral tax rate would also need to take into account the
lower rate of default for large firms with deep pockets by charging them a lower excise tax
rate on oil production. The Deepwater Horizon oil spill cost BP $42.2 billion as of February
2013, far exceeding the Oil Spill Liability Trust fund’s $1 billion cap (Fontevecchia, 2013)). The
probability that an oil spill would exceed the roughly $100 billion assets of a major integrated
oil company like BP would be extremely small, and thus the actuarially fair tax rate would be
similarly small (Abraham, 2011)). This is one of the few places in the tax code where different
tax treatment of small firms and major integrated oil companies can be justified.

Although firms would face full strict civil liability under a prospective excess liability tax
regime, under current law liability is limited in two ways. First, total payouts by the trust fund
are limited to $1 billion per incident. But with this cap, the trust fund could not fully cover
the damages of the Deepwater Horizon oil spill if BP had defaulted. And second, the trust
fund limits the liability of responsible parties for oil spill if they were not negligent and did not
break federal regulation. This creates a moral hazard for firms to follow the minimum level of
oil spill avoidance required by law, instead of the socially optimal level ensured by full strict

civil liability.

2.2.6 Superfund Excise Taxes

The Comprehensive Environmental Response, Compensation, and Liability Act of 1980 es-
tablished the Superfund program to clean up heavily polluted locations across the US. Following
the act, the Environmental Protection Agency began maintaining a list of polluted sites called
the National Priorities List. For 70 percent of the sites on the list, the EPA can locate one or
more potentially responsible parties (PRPs) who pay for the site’s cleanup. For the remaining
30 percent of sites, either the EPA cannot locate any PRPs or the PRPs cannot afford to pay
for cleanup (Ramseur, Reisch, and McCarthy, [2008). Cleanup at these “orphaned” sites are
paid out of the Hazardous Substance Superfund Trust Fund (Superfund). Since the expiration
of three excise and one income tax which originally funded Superfund, it is now paid for out of
general revenues ||

The president’s 2014 budget proposal would reinstate all four Superfund taxes for the years

18See Probst et al. (1995)) for more detail on the Superfund program in general and CBO (2011) for reform
options.
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2014 through 2023 (Treasury, 2013). Two of the excise taxes would not apply to the energy
industry while the income tax would apply to all industries. The only tax of specific relevance
to the energy industry is the remaining excise tax, a 9.7 cent per barrel excise tax on domestic
crude and on imported petroleum products.

The key question is how polluted site cleanup should be funded. Currently it is paid for
out of the general revenue. The proposal would instead use new excise taxes. But polluted site
cleanup faces the same tax neutrality issues as oil spills. I therefore propose the same solutions
discussed in detail under the Oil Spill Liability Trust Fund and for the same reasons. The law
should impose full civil liability for small amounts of pollution. And it should either require
firms to purchase excess liability insurance or impose an actuarially fair tax on activities with
the possibility for catastrophic pollution that would exceed the firm’s ability to pay. Thus
cleanup would be funded either by insurance payouts or an actuarially fair tax.

However, the Superfund excise tax and Oil Spill Liability Trust Fund have similar problems
concerning the actuarial fairness of the taxes. The Superfund excise tax is paid by all firms
who produce or import petroleum and at the same rate regardless of the care taken by any
firm to avoid polluting or the firm’s risk of defaulting on cleanup costs. And it creates a moral
hazard for small firms with a high risk of default which does not internalize the cost of pollution.
Therefore, the Superfund excise tax is not actuarially fair.

However, Superfund is less problematic than the Oil Spill Liability Trust Fund in that the
excise tax is only used to pay for orphaned sites. Under current law, if PRPs can be identified
and are able to pay, then the PRPs pay for cleanup at the site. But the case of orphaned
sites whose PRPs cannot be identified complicate the analysis. Knowing the reasons why PRPs
cannot be identified in these cases is critical. If the inability to identify any PRPs would also
prevent identification of their insurance, then an actuarially fair tax would be more efficient

than requiring excess liability insurance.

2.2.7 Dual Capacity Rules

The US taxes domestic corporations on the income they earn in foreign countries. However,
since the host country can also impose income taxes on the income of corporations earned in
that country, this can lead to double taxation of that income. To avoid double taxation, the
US tax code allows firms to credit certain foreign levies against their US tax liability. A foreign

levy is creditable against the firm’s US tax liability if it is compulsory and is not compensation
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by the firm to the host nation for a specific economic beneﬁtE A “dual-capacity taxpayer” is
a taxpayer who is subject to a levy by a foreign country that also receives a specific economic
benefit from that countrym

The tax code allows taxpayers to choose between two methods to determine the portion
of the levy paid by the taxpayer that is compulsory and creditable, and the portion that is
compensation for a specific economic benefit and deductible@ E Under the facts and cir-
cumstances method, a levy is creditable to the extent that the taxpayer is able to prove that
portion of the levy is not paid as compensation for specific economic beneﬁts@ Under the safe
harbor method, if the host country has a generally imposed income tax, the taxpayer may credit
an amount equal to the tax payment that would result from application of the host country’s
generally imposed income tax (JCT, 2012). In either case, the foreign tax credit is limited to a
taxpayer’s US tax liability on its foreign source income (JCT, 2()12)@

The president’s 2014 budget proposal would eliminate the current safe harbor and facts and
circumstances methods for determining the fraction of a levy that is creditable (Treasury, 2013).
Under the new rules, dual capacity taxpayers would be able to treat as creditable the portion
of a foreign levy that does not exceed the foreign levy that the taxpayer would pay if it were
not a dual-capacity taxpayer (Treasury, 2013). In effect, dual capacity companies would only
be able to credit an amount equal to the host nation’s general corporate tax rate applicable to
other industries (Pirog, [2012). This is similar to simply forcing firms to choose the safe harbor
method. In addition, the special limit for oil and gas income tax credits would be removed and
it would instead be treated as its own separate limitation category (Treasury, 2013).

If US dual capacity firms operating outside the US are able to use creditable royalty payments
to reduce their tax rate below that faced by other US based firms operating outside the US, who
have to pay for economic benefits through deductible but not credible expenses, then removing
these credits enhances the neutrality of the tax code. However, it is unclear that simply forcing

all firms to credit taxes using the general corporate tax rate separates the taxes that are true

9 Treasury Regulation section 1.901-2(a)(2)(i).

2Treasury Regulation section 1.901-2(a)(2)(ii)(A).

21 Treasury Regulation section 1.901-2A(c).

22These rules were designed because of concerns that income taxes imposed on US oil companies by foreign
governments were not income taxes but disguised royalties, which are normally deductible but not creditable
(JCT, 2012).

23Treasury Regulation section 1.901-2A(c)(2)(i).

50T (2012) explains how two additional rules also apply. The credit is restricted by the category of income,
generally referred to as “separate limitation category,” so that tax credits from a particular category of income
can only offset tax liabilities from that same category of income. In addition to the special limitation categories,
credits from oil and gas income taxes may only offset oil and gas income tax liabilities.
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income taxes from the taxes that are payments for economic benefits more accurately than the
nuanced calculation allowed by the facts and circumstance rule. Indeed, to the extent that it is
accurately applied, the facts and circumstances method seems ideal.

Distinct from possible differentials between sectors, another issue is whether foreign source
income of US based firms should be taxed at all. There are two major systems states use for the
taxation (or non-taxation) of foreign source income. Under a pure residence-based tax system,
countries tax their residents (and domestic firms) on their worldwide income. Alternatively,
under a territorial tax or source-based tax system, a country only taxes income that is earned
within its borders.

Previous literature has not come to a consensus on which system is superiorﬁ However,
Gravelle (2009) notes that the US is only nominally a residence-based tax system. Under
current law, firms only pay taxes on income that is repatriated back to the US and are allowed
to defer repatriation indefinitely. This significantly reduces the US tax they pay on foreign
source income. In this case, Gravelle (2009) states that a move towards either a more pure
residence or territorial tax system would enhance the neutrality of the tax code. Exempting
foreign source income entirely and moving to a territorial tax system would encourage the
repatriation of income by reducing its tax rate. Alternatively, the tax code could move to a
more effective residence system by ending deferral, which would encourage the repatriation of
income and also increase the effective tax rate on foreign source income.

The budget uses neither of these methods. By reducing deductions, the effective tax rate
on repatriated foreign source income increases but non-repatriated income remains untaxed.
This increases the incentive to defer repatriation of foreign source income and decreases the

neutrality of the tax code.

2.2.8 Geological and Geophysical Expense Amortization

Geological and geophysical (G&G) expenses are the costs incurred for acquiring data for
minerals exploration and include expenditures on geologists, seismic surveys, gravity meter
surveys, and magnetic surveys (JCT, 2012). Independent producers and small integrated oil
companies may amortize and deduct these costs over two years. Major integrated oil companies

are required to amortize the deduction of G&G costs over seven years.

#Kleinbard (2007) and Gravelle (2012) advocate residence-based taxation. Desai and Hines (2004) argues in
favor of territorial-based taxation. CBO (2013) reviews different policy options.
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The president’s 2014 budget proposal would increase the amortization period for indepen-
dent producers and small integrated oil companies from two years to the same seven years as
major integrated oil companies (Treasury, 2013). Major integrated oil companies would be
unaffected.

Under a neutral tax system, statutory G&G depreciation would equal economic depreciation
and be the same for all firms regardless of organizational form. So it is appropriate that
the president’s proposal is to treat independent producers, small integrated oil companies,
and large integrated oil companies equally. Bureau of Economic Analysis (2003)), hereafter
BEA, calculates the geometric economic depreciation rate for petroleum and natural gas mining
exploration, shafts, and wells at 0.0751 and lists a service life of 12 years@ So the increase in
the amortization period for independent producers and small integrated oil companies would
move their tax depreciation treatment closer to both economic depreciation and eliminate the
difference in tax treatment due to firm organizational form. This change is thus neutrality

enhancing.

2.2.9 Capital Gains Treatment of Coal Royalties

While in general royalties are taxed as ordinary income, royalty income from the sale of coal
mined in the US and held for at least one year can be taxed instead as long-term capital gains
(JCT, 2012). The president’s 2014 budget proposal would repeal the capital gains treatment of
gains from coal royalties under these circumstances (Treasury, 2013).

There are a variety of considerations that must be taken in dealing with the taxation of
ordinary income versus capital gains in a neutral tax system to ensure that income invested
and then earned again in a subsequent period is not double taxed. However, in this case these
concerns can be safely sidestepped by focusing on the coal itself. Coal and coal royalties are not
assets like property or stocks but inventories. Income from the sale of inventories is typically

treated as ordinary income, not capital gains. This provision is thus neutrality enhancingm

26 A summary of the BEA depreciation table as it is relevant to the energy industry is available in Table Al in
the Appendix of Metcalf (2009).

27 Although it brings coal in line with the current law treatment of other inventories, the budget proposal does
still deviate somewhat from a neutral system, which would allow inflationary gains to be deducted from income.
This point is explained in greater detail in Section @
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2.2.10 Expensing of Coal Exploration

Exploration is the process of determining if there are sufficient minerals in an area to justify
mining. Under current law, taxpayers may elect to expense (immediately deduct) exploration
costs in all types of mining, not just coal. Unlike other organizational forms of firms, cor-
porations may only expense 70 percent of the exploration expenses and must amortize over
a 60-month period the remaining 30 percent (Treasury, 2013). This deduction is subject to
recapture by disallowing percentage depletion deduction on the property for which exploration
costs were expensed until “adjusted exploration expenditures” are re-included in income (JCT,
2012) |

The president’s 2014 budget proposal would repeal the option to expense and amortize
over 60-months exploration and development costs for coal (including lignite) and certain types
of oil shale (Treasury, 2013). The costs would instead be capitalized and recovered through
depreciation or depletion deductions, as appropriate (Treasury, 2013). Other forms of mining
would retain the option to expense and amortize exploration costs.

Under a neutral tax system, a taxpayer would be allowed to deduct capital costs based
on the economic rate of depreciation. Exploration costs for a mine that is found to have
insufficient quantity or quality of ore to justify mining should be immediately expensed since
they will provide no future benefit. However, for a productive mine, they should be deducted
at their economic depreciation rate. As was stated before, BEA (2003) calculates the geometric
economic depreciation rate for petroleum and natural gas mining exploration, shafts, and wells
at 0.0751 and a service life of 12 years, a longer lifetime than the 60-month amortization allowed
now. Retaining the deduction for other forms of mining would make the tax system less neutral
in regards to which type of mining to invest in but would make the system more neutral for the

choice of what type of capital to employ in coal mining.

2.3 Current Law Tax Rates

The provisions and their neutrality are only truly relevant through their effect on the entire
tax system. Therefore, the individual tax changes proposed by President Obama need to be

considered in the context of the existing taxes and subsidies faced by fossil fuel producers. Trea-

28 Adjusted exploration expenditures are the amounts for which the taxpayer claimed an exploration deduction
that would have been included in the basis of the property reduced by the excess of the percentage depletion
over the depletion allowable had the expenses been capitalized instead (JCT, 2012).
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sury (2013) has stated that tax preferences encourage more investment in fossil fuel production
than would occur under a neutral tax system. Nonetheless, research in recent years on the tax
rates faced by the energy sector have displayed mixed results.

However, both previous research and the president’s budget have focused on firm level
capital taxes. Yet in addition to these capital taxes, production taxes (e.g. severance, excise,
and property taxes) are also imposed on the extraction and refining of fossil fuels. These
production taxes on fossil fuels are a larger source of revenue than corporate income taxes, but
have received comparatively little attention.

In this section, I review the taxes and tax rates facing consumers, producers, capital, and
labor involved with fossil fuels and compare them to those faced by the economy as a whole. 1
examine the issues raised by the Obama administration regarding firm capital taxes, but I also
include other agents (e.g. labor and consumers) and other taxes (e.g. severance, excise, and
property). I review previous work on estimating the effective rate imposed by these taxes on
fossil fuel producing sectors and how their rates compare to those of the rest of the economy. I
then calculate additional effective tax rates of my own that include both firm production and
capital taxes.

However, there are multiple methods to measure effective tax rates. Upon reviewing the
effective tax rate measures that have been used by the literature, I find that although the
marginal effective tax rate (METR) measure is the gold standard, the less used average effective
tax rate (AETR) method is more appropriate in this circumstance@ I then calculate effective

tax rates for the sector using the AETR methodology.

2.3.1 Background

The main taxes imposed on capital income are state and federal corporate income taxes
and personal income taxes on capital gains and dividends. The effect of these taxes on the
pre-tax and post-tax rates of return can be summarized through the marginal effective tax rate
(METR) on investment. The marginal effective tax rate on investment is the rate by which
capital taxes reduce the pre-tax rate of return on investment. For example, if the marginal
investment in a new oil well earned a pre-tax 12 percent return but taxes reduce that return
to 9 percent, the marginal effective tax rate would be (12-9)/12 = 25 percent. An effective tax

rate differs from the statutory tax rate in that it applies to the income earned over the lifetime

29The average effective tax rate is also known simply as the average tax rate.
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of an investment and is able to account for the effects of inflation, the difference between tax
and economic depreciation, and the difference in the taxation of returns to debt and equity.

The marginal investment is the investment that earns a rate of return exactly equal to the
cost of capital. The marginal investment is the critical one for determining the aggregate level
of investment because a firm will invest in all investments opportunities with higher post-tax
rates of return than the breakeven rate and not invest in any with lower. Reducing the rate
of return of an investment that is currently at the breakeven rate would cause the firm to no
longer undertake the project and thus reduce aggregate investment.

The literature has produced many estimates of the marginal tax rate for different types
of capital assets in CBO (2005), Mackie (2002), Ernst & Young (2007), and Metcalf (2009).
However, there is large variation between estimated rates and no consensus on whether fossil
fuel production is more or less taxed than other sectors.

CBO (2005) calculates the METR from federal taxes for a wide variety of very broad asset
categoriesﬂ They find the overall METR on capital assets from all businesses is 24.2 percent
and the METR on corporations is 26.3 percent. But the METRs for C corporation assets in
the fossil fuel industry vary from 9.2 to 24.9 percent@ However, note that these results are for
particular assets used only by energy industries, not the industry as a whole.

Mackie (2002) also calculates METRs for assets but then aggregates them over industries
as well. He finds a high METR on energy assets such as mining and oil field machinery (33.5
percent) and a lower METR on mining, shafts, and wells (16.9 percent). When aggregated
at the industry level, crude petroleum and gas has an METR, of 24.6 percent while petroleum
refining’s METR is 35.6. By comparison, the METR for the corporate sector is on average 32.2
and the METR for the entire economy is 19.8 percent.

Other papers have calculated the METR for the energy sector but did not include estimates
for other sectors. Ernst & Young (2007) looks at the energy sector specifically but only includes
the federal corporate income tax in their calculation. They find a 21.6 percent METR for
petroleum refining, which is much lower than that of Mackie (2002)). Metcalf (2009) provides
another calculation of the METR of assets used in fossil fuel production. Metcalf’s calculation

includes some tax credits, but the only taxes included are the federal corporate income tax and

39The taxes included in the CBO analysis are federal taxes on corporate profits, dividends, long-term capital
gains, short-term capital gains, interest income, mortgage interest deductions, unincorporated business income,
and distributions from non-qualified annuities. See CBO (2005) Table A-4 for more details.

31C corporations are corporations that are taxed separately from their owners. The corporate income tax
applies solely to C corporations.
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the average state corporate income tax. His results show significant variation in the METR
faced by different capital assets in the energy sector, with METRs ranging from a high of 27.0
percent for other natural gas pipelines to a low of -13.5 percent for oil drilling by non-integrated
firms. However, his METRs for oil drilling by integrated firms, petroleum refining, and natural
gas gathering pipelines are all in the range of 15.2 to 19.1 percent. These papers provide some
perspective but are less helpful in determining the relative tax burdens of fossil fuel production
and other sectors since they do not present comparable economy-wide average METRs using
the same methodology.

However, capital taxes are not the only taxes that apply to producers of fossil fuels. Fossil
fuel production also faces a large number of other taxes such as sales, property, severance, and
excise taxes. As seen in Table [2.2] total payments for these taxes, less subsidies, by fossil fuel
producing sectors exceed payments for corporate income taxes@ However, to the best of my
knowledge, these taxes have not been combined and summarized, either with each other or with
capital taxes, the way the METR literature has done for taxes on capital investment.

I utilize average effective tax rates (AETRs), as opposed to marginal effective tax rates
(METRs), in order to aggregate the effects of these taxes. Collins and Shackelford (1995)
and Fullerton (1984) discuss each measure and their advantages and disadvantages. METR
calculations are designed to measure the tax cost on marginal incentives to hire labor or employ
capital. However, they are calculated formulaically using the net present value of income, tax
credits, and tax deductions. Because of this they require numerous assumptions about firm
financing, asset purchase decisions, and depreciation (Collins and Shackelford, 1995)@ In
addition, the calculation must explicitly choose which provisions of the tax code (i.e., which
deductions and tax credits) to include and how to model them. As a practical matter, this will
cause METRs to miss the cumulative effect of numerous small or difficult to model features
that are not included.

AETRs are calculating empirically by dividing taxes paid by the base of economy activity
taxed. Because it is calculated from actual tax payments, it avoids the problems METR calcu-
lations face of having to make numerous assumptions and being forced to pick and choose the
features of the tax code to include. However, the AETR measures the average tax rates on all

investments as opposed to finding the tax rate on the marginal investment. It thus reflects the

32Both corporate income tax statistics and the other production tax statistics include all such taxes at the
federal, state, and local levels.
33See CBO (2006) for a more detailed description of the general method used to calculate METRs.
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total burden of taxation instead of marginal incentives (Collins and Shackelford, 1995){3_1-]

Table 2.2: Total Tax Payments by Industry for 1998-2009 ($ millions, 2008)

Sector

Corporate Income Taxes

Other Production Taxes

Oil and Gas Extraction 42,715 227,965
Petroleum and Coal Products

Manufacturing 213,416 29,153
Pipeline Transportation 4,249 20,723
Fossil Fuel Production® 260,381 277,842
All Sectors 4,107,379 11,075,086

Source: Author’s calculation from BEA US Input-Output Accounts and NIPA Table 6.18D.
Notes: (1) Fossil fuel production is defined as oil and gas extraction, petroleum and coal
products manufacturing, and pipeline transportation.

2.3.2 Methodology

In this analysis, I calculate tax rates using the AETR method. I do so because the in-
formation required to credibly calculate METRs simply does not exist for two critical areas:
the types of capital whose tax treatment are changing in the budget and the production taxes
such as excise, severance, and sales taxes. But a problem which remains in the AETR method
is the distribution of the tax burden. If producers are able to forward shift the burden onto
consumers, then tax payments should be divided by total consumer payments, the total value
of output. Alternatively, if a tax would be backwards shifted onto labor or capital, payments
to those factors are the base that should be used. But who bears the burden of a tax cannot
be answered without using a general equilibrium model. So I leave that analysis to Chapter
and here present results under both assumptions, one using the total value of output assuming
full forward shifting, and one using total factor payments assuming full backwards shifting.

My two main data sources are the Use of Commodities by Industries after Redefinitions
tables for 1998-2009 in the US Input-Output accounts from the Bureau of Economic Analysis
(BEA) and two tables from the National Income and Product Accounts (NIPA), also by the
BEAPE]I use table 3.4ES: Current-Cost Depreciation of Private Fixed Assets by Industry and
table 6.18D: Taxes on Corporate Income by Industry. The average effective tax rate for a

selection of energy sectors and the whole economy is calculated by dividing total tax payments

34The AETR method is certainly not without its own drawbacks. See Fullerton (1984) for a discussion of the
problems of AETRs.

35In an alternative specification, I instead use corporate income tax data from the Internal Revenue Service
Statistics of Income Tax Stats on the Returns of Active Corporations by Minor Industry. These results show a
smaller difference between all industries and the selected fossil fuel producers, but still indicate a lower tax rate
for other industries than fossil fuels. However, this data set does not include state and local income taxes and
has one less year of data. Full results are available upon request.
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by both the value of output and factor payments. The average effective tax rate on firm capital
for those same sectors is calculated by dividing corporate income tax payments by sector capital
income.

There are a number of important definitions and assumptions related to the calculation
of AETRs. Total tax payment equals taxes on production and imports plus state, local, and
federal corporate income taxes minus subsidies@] Taxes on production and imports include
taxes on the product delivery or the sale of products and taxes on the ownership of assets
used in production, such as federal excise, state and local sales taxes, and local real estate
taxes. Corporate income taxes include those taxes at the federal, state, and local level. Factor
payments are equal to net operating surplus plus compensation of employees, plus taxes on
production and imports, less subsidies. Due to data limitations, capital taxes include firm level
taxes but do not include individual level capital income taxation such as that on capital gains,

dividends, or income from pass-through entities.

2.3.3 Results

Table presents AETRs on capital for firms in selected sectors averaged over the years
1998-2009. Firm capital tax rates for oil and gas extraction and pipeline transportation are lower
than the economy average but much higher for petroleum and coal products manufacturing.
Firm capital AETRs for fossil fuel production as a whole are higher than those of other sectors
because petroleum and coal products manufacturing has more capital and faces higher tax rates

than the other fossil fuel producing sectors.

Table 2.3: Firm Average Effective Tax Rates on Capital from Corporate Income Taxes by Sector
for 1998-2009 (Percent)

Sector Capital AETR
Oil and Gas Extraction 4.5
Petroleum and Coal Products Manufacturing 21.1
Pipeline Transportation 6.1
Fossil Fuel Production 12.8
All Sectors 7.5

Source: Author’s calculation from BEA US Input-Output Accounts and
NIPA Tables 3.4ES and 6.18D.

Table presents AETRs of all taxes for energy and other sectors averaged over the years

36Taxes on production and imports, subsidies, net operating surplus, and compensation of employees are defined
in http://www.bea.gov/national/pdf/chaptersi-4.pdf pages 2-8 to 2-9. Corporate income tax is defined in
http://www.bea.gov/scb/pdf/naTIOnal/NIPA/Methpap/methpap2.pdf| on page 3.


http://www.bea.gov/national/pdf/chapters1-4.pdf
http://www.bea.gov/scb/pdf/naTIOnaL/NIPA/Methpap/methpap2.pdf
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1998-2009. This table includes all firm level taxes, i.e. not just capital taxes but production
taxes as well. Since these taxes could be forward shifted onto consumers or backwards shifted
onto factors, or somewhere in between, I calculate AETRs under both assumptions. The factor
income base assumes full backward shifting onto factors and divides total firm taxes paid by
labor and capital income. The value of output base assumes full forward shifting onto consumers
and divides total firm taxes paid by the value of output.

As before, AETRs for fossil fuel production are higher than those of other sectors on both
a factor income base and a value of output base. Additionally, this result obtains not just for
fossil fuel production as a whole, but the fossil fuel producing subsectors individually as well.
With the exception of petroleum and coal products manufacturing on a value of output base,

AETRs are higher for all fossil fuel producing firms than the economy as a whole.

Table 2.4: Average Effective Tax Rates of All Firm Taxes by Sector for 1998-2009 (Percent)

Sector Factor Income Base | Value of Output Base

Oil and Gas Extraction 19.3 12.1

Petroleum anq Coal Products 90.0 5.9
Manufacturing

Pipeline Transportation 16.7 7.5

Fossil Fuel Production 19.5 7.4

All Sectors 10.8 5.9

Source: Author’s calculation from BEA US Input-Output Accounts and NIPA Tables
3.4ES and 6.18D.

This analysis shows that the AETR on fossil fuels producing firms is higher than the AETR
for firms in other sectors under all three speciﬁcationsE] So for this measure of taxation, fossil
fuel production is more heavily, not less, taxed than other sectors.

However, it needs to be emphasized that this is a single measure of taxation and not a full
account of all ways in which fossil fuel production could be favored. For example, the income
and taxes used in the AETR calculation do not only come from corporations. But the proposed
tax changes deal primarily with corporations. This analysis does not rule out the possibility
that corporate form firms are less taxed than other sectors, while non-corporate firms and the
average fossil fuel firm is more taxed. In addition, although the AETR includes all firm level
taxes, some firms, (e.g., sole proprietorships and partnerships) actually have their income taxed

at the personal level. These tax payments are not included in this measure of AETR.

37 Appendix [C] investigates if these results are driven by a particular industry or year but concludes that they
are not.
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2.4 Conclusions

President Obama has proposed raising taxes on fossil fuel production in order to make
the tax code more neutral. In this chapter, I examine evidence for this claim both in the
proposed tax changes and in current law average tax rates. Descriptive analysis of the budget
proposal’s provisions shows that the effects of the proposal on tax neutrality are mixed. Some
provisions move the tax code towards neutrality, while others move it away, but the effects of
most provisions are unclear. In addition, previous studies calculating marginal effective tax rates
on capital employed in fossil fuel production have produced contradictory results. However, I
discovered that the average effective tax rate on capital for fossil fuel producing firms is 5.3
percentage points higher than the economy-wide rate. Moreover, when taxes on production are
included, current law firm level taxes on fossil fuel production are 1.5 to 8.7 percentage points
higher than the economy-wide rate. This particular evidence does not support the claim that
the current tax code favors fossil fuel production or that the the budget proposal makes the tax

code more neutral.
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Chapter 3

A New Model of Energy Taxation

3.1 Introduction

Current models in the energy taxation literature fall into two general categories. The first
takes a partial equilibrium (PE) approach that models energy resource development in great
detail but has a highly simplified representation of the rest of the economy. The second uses
a computable general equilibrium (CGE) approach that models many production sectors in
the economy but has little detail on the differences between energy extraction and other sec-
tors. This paper builds a general equilibrium model with the most important features of both
approaches: my model has endogenous supply of the energy resource in a general equilibrium
model that allows for flexible substitution by firms across inputs and by consumers across goods.
My model allows a comprehensive analysis of the three primary areas in which energy taxes may
create or reduce inefficiencies: production and consumption, resource rents, and externalities.

First, energy taxes can cause production and consumption inefficiencies because they vio-
late the principle of tax neutrality, which states that taxes should not distort choices between
economic activities[]] If tax rates differ between different goods, firms and consumers who use
these goods will substitute to use less of the more taxed good and more of the less taxed good.
Substitution will minimize the firm or consumer’s post-tax private costs but will increase their
pre-tax or social costs. This leads to productive and consumptive inefficiency.

Because energy taxes create inefficiencies via substitution, accurate modeling of input and

consumer substitution is critical for understanding the effects of energy taxation. Nevertheless,

I The principle of tax neutrality requires that no externalities exist. However, since there are many externalities
to fossil fuel consumption, I must also consider the effect of externalities when determining the efficiency of energy
taxes.
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almost all partial equilibrium models assume exogenous energy prices and therefore cannot
include any of these three efficiency effects (Lund, 2009). But the treatment of energy taxes in
most CGE (computable general equilibrium) models is also problematical. CGE models such
as Zodrow and Diamond (2013) that utilize constant elasticity of substitution (CES) or Cobb-
Douglas functions for consumer expenditure constrain the substitutability between all goods to
be the same (Uzawa, 1962)E] By comparison, Altig et al. (2001), Fullerton and Rogers (1993)),
and other models with fixed coefficients do not allow consumer substitution at all. Moreover,
these papers’ firm production functions also have the same problems because those functions are
CES, Cobb-Douglas, or fixed coefficient as well. Limiting the possibilities for input substitution
will overestimate the impact of energy taxes on firm costs. Therefore neither PE nor CGE
models accurately model substitution. Jorgenson and Yun (2001) is a notable exception that
informed my model. Jorgenson and Yun (2001) and my model both use a highly flexible translog
functional form for the firm cost functions (and consumer expenditure function) that allows
varying degrees of substitutability between different pairs of inputs (consumer goods)E]

The second source of energy tax inefficiency is the tax treatment of resource rents. If the
energy resources (i.e., the coal, oil, or gas in the ground) have perfectly inelastic supply, then
their factor payments would be economic rents and taxing them would be non-distortionary.
In such a case, non-distortionary resource rent taxes would be more efficient than distortionary
taxes on other sectors. In order to determine if rents exist, a model must determine whether
changes in energy taxation affect the supply of energy resources. The partial equilibrium liter-
ature contains many such models of energy supply. For example, the PE approach developed
initially by Hotelling (1931) is commonly used to model the decision to develop and extract en-
ergy resources. Dasgupta, Heal, and Stiglitz (1981) extended the Hotelling (1931)) framework to
show how taxation affects resource extraction. Some stylized general equilibrium models, such
as Solow and Wan (1976)), have featured similar resource modeling. However, firm resource sup-
ply decisions are usually much simpler in CGE models than in PE models, if resource supply
is modeled at all in the CGE model. Some CGE models have exogenous supply of the resource
that is invariant to price (Babiker et al., 2008; Paltsev et al., 2005). Other CGE models do

not include an energy resource at all (Altig et al.,|2001; Fullerton and Rogers, 1993; Jorgenson

2Nested CES can be used to add some flexibility. However, this is typically used only at the top level with
fixed coefficient functional forms at lower levels. Substitution remains inflexible for any inputs which are not
nested and the resulting substitutability is not invariant to the nesting structure (Sato, [1967).

3See Section for a detailed description of the translog cost function.
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and Yun, 2001; Zodrow and Diamond, 2013). By contrast, my model is a CGE model and
yet includes endogenous energy resource supply. By varying the own price elasticity of energy
resource supply, my model can determine the impact of the taxation of resource rents on the
efficiency of energy taxes.

The third way that energy taxes lead to economic inefficiency is the treatment of externali-
ties. Fossil fuels are associated with externalities relating to air pollution, climate change, and
energy security. By definition, externalities are not internalized in the private costs borne by the
producers and consumers of a good that creates an externality. Pigouvian taxes on externalities
can internalize the social costs they create, leading market participants to choose the socially
optimal level of the activity. Of the models listed so far, only Paltsev et al. (2005) and Babiker
et al. (2008) incorporate these externalities. My model does as well by including disutility from
fossil fuel externalities in the utility function.

In this chapter, I construct a CGE model of US energy taxation that includes all three
sources of tax inefficiency. My model contains a number of features that allow it to capture
each of the three issues. In order to accurately model both consumer substitution across goods
and producer substitution across inputs, I utilize a highly disaggregated cost and expenditure
functions with transcendental logarithmic (translog) functional forms. There are 22 production
sectors, with each producing a single output using capital, labor, and all of the 22 outputs as
inputs. These outputs are also all used for the final consumer goods. The translog form allows
for varying degrees of substitutability between inputs (capital, labor, energy, and other goods)
in the production and consumption of each good.

Because the cost and expenditure function parameters are so critical to the model, I take
several steps to ensure that they are accurate. The parameter values are estimated from five
decades of data using regression analysis, not calibrated, so that my results are not driven by
the idiosyncrasies of the specific year used for calibration. I perform a number of statistical
tests on the data to confirm that the regression specification is appropriate. Moreover, I ensure
the parameter values make economic sense by testing for the concavity and monotonicity of
the ensuing cost function. To investigate the sensitivity of model efficiency estimates to these
parameters, I also calculate efficiency estimates using a number of alternate specifications and
perform Monte Carlo analysis to calculate confidence intervals for the model’s predictions.

As previously discussed, energy production in the model requires energy resources. The

model assumes a constant elasticity of supply of energy resources. This elasticity of supply can
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be varied to change the responsiveness of the energy resource to changes in rents. I vary this
supply elasticity from 0.1, where resource supply is relatively unresponsive to changes in rents,
to 1.0, where the energy resource is more responsive to own price changes than capital is. And
finally, negative externalities from fossil fuel production are included in the utility function.

Beyond these innovations for improved modeling of energy taxation, my CGE model follows
the existing CGE literature. All goods and inputs are supplied endogenously. The aggregate
demand for exports and supply functions for capital and labor are assumed to be isoelastic, which
facilitates the use of parameter values found in previous empirical researchﬁ The ratio of imports
to domestic production is determined by their relative prices through a constant elasticity of
substitution cost function. Existing government taxes on capital, labor, and production are
modeled explicitly.

Once my model is constructed, I assess it by analyzing energy tax changes in President
Obama’s fiscal year 2014 budget proposal. Supporters state that president’s budget will make
the tax code more neutral by eliminating tax preferences for fossil fuel production. However,
thus far the only analysis of these changes are descriptive judgments based on principles of
neutral taxation. I use my model to estimate the actual economic effects of the proposal, which
were previously unknown.

The organization of this chapter is as follows: in Section I review previous literature on
modeling energy policy with an emphasis on differences between the literature and my model.
In section I present the details of my general equilibrium model: the equations used to
define the supply and demand of commodities, the data used to parametrize these equations,
and other assumptions. Then in Section [3.4] I use the model to estimate the effects of the
president’s budget proposal. Section [3.5| summarizes my findings on both the effects of the

budget proposal and the importance of the features combined in my model.

3.2 Literature Review

There are two general classes of models in the energy taxation literature: partial equilibrium
(PE) and computable general equilibrium (CGE) modelsﬂ PE models focus on resource supply
decisions by firms and take a large number of different approaches. These approaches include

neoclassical (Dasgupta, Heal, and Stiglitz, 1981; Hotelling, |1931), contingent claims (Blake and

4 An isoelastic function has the form f(z) = kz” and has elasticity 7.
®See Lund (2009) or Smith (2012)) for comprehensive reviews of the literature on modeling energy taxation.
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Roberts, [2006; Lund, 1992), scenario (Hogan and Goldsworthy, 2010; Kemp, 1987), decline
curve (Peaceman, 1977), and reservoir simulation models (Adelman, 1973).

Although the different methods are able to examine many issues far better than the model
developed in this paper, the critical issue for energy tax modeling is that these methods deter-
mine an elasticity of energy resource supply. It is this elasticity which determines the existence
of resource rents, and thus makes taxing the income earned by resources less distortionary than
other sources of revenue. The model in this paper contains such an elasticity parameter and
therefore can determine the impact of a given level of resource rents. Despite their advantages,
PE models are, by construction, unable to capture the effects of resource taxes on the entire
economy. However, these deficiencies are not shared by the second approach, CGE models of
energy taxationﬁ

Although broadly similar to each other, CGE models differ in their treatment of key details.
Paltsev et al. (2005) and Babiker et al. (2008) examined climate change policies using CGE
models with an exogenously supplied energy resource. And although Goulder and Hafstead
(2013) does not explicitly feature an energy resource, in that model total factor productivity
for fossil fuel extraction decreases with cumulative extraction. These specifications are able to
address intertemporal issues. However, because the resource is exogenously supplied or only
interacts with total factor productivity, these models are not able to consider the impact of
economic rents for the energy resource. By contrast, Jorgenson and Yun (2001 and Wilcoxen
(1988) have no energy resource at all, but these models do have flexible substitution. They
feature translog producer cost functions and consumer expenditure functions whose parameters
are estimated with regression analysis.

The model I construct combines the advantages of the CGE and PE literatures. Specifically,
input substitution is modeled following Jorgenson and Yun (2001)) and Wilcoxen (1988) but with
an energy resource component broadly similar to that of Babiker et al. (2008). However, the
energy resource in my model is not exogenously supplied; it instead has a simple constant
elasticity supply function that reflects a reduced form representation of the effects analyzed in

the partial equilibrium literature.

A rich literature of non-energy focused CGE models exists but they are typically designed to model funda-
mental tax reform and thus lack any details unique to the energy sector (Altig et al.,[2001; Fullerton and Rogers,
1993; Zodrow and Diamond, [2013).
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3.3 Model Description

3.3.1 Model Overview

Overall, the model is a 22 sector steady-state CGE model of the US economy. The model
features flexible substitution across both production inputs and consumer goods and also en-
dogenous resource supply. These features combine the advantages of the CGE and PE methods
of energy tax analysis and allows the model to incorporate the three main efficiency effects
of energy taxation. In this section, I summarize the most important features of the model
including the baseline parameter values, the translog cost and expenditure functions, and the
modeling of taxation. The remaining details are presented in Appendixes [A] and

In the model, the cost function for an industry (e.g., manufacturing, health care, and oil and
gas extraction) relates the cost of producing the industry’s output to the cost of the industry’s
inputs. These inputs are capital, labor, and all the outputs of the industry cost functions. The
model utilizes a translog cost function for each industry, following Jorgenson and Yun (2001)) and
Wilcoxen (1988). Although the functional form of the translog cost function is quite complex,
its key features can be described simply: it allows different degrees of substitution between all
inputs and it also also technological progress to change total factor productivity and the relative
importance of particular inputs over time. Moreover, the parameters of the cost function are
estimated separately for each of the 22 industries and for households. All industries are assumed
to be perfectly competitive with constant returns to scale, which allows the determination of
output price from firm costs.

The relationships between the various parts of the model are summarized in Figure (3.1
Purchases of goods are made by a government sector, a representative household, the industries,
and the rest of the world through imports and exports. Exports are also isoelastically demanded.
Conversely, the demand for imports is determined by a constant elasticity of substitution cost
or expenditure function between domestic and imported inputs.

Standard assumptions are made for the supply of capital and labor and the demand for
goods. Capital, labor, and the energy resource are assumed to be perfectly mobile between
sectors and in the aggregate have isoelastic supply functions. There are no supplier price
differentials across sectors for capital or the energy resource but, following Wilcoxen ({1988),

post-tax wage differentials across sectors are fixed at the ratios that occur in the datal

"Note that this assumption is made implicitly in any model that aggregates all workers into a single type of
labor.
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Figure 3.1: The Model’s Commodity Flows

. Y
Consumption 29 Exports
< . » Rest of
Household < Composite [«
Investment G Imports the World
) oods
A
Capital Labor | | Energy Resource

\A 4

R .
5 4Intermed1ate Inputs Consumption

» Government|

Industries Domestic Goods

I perform a series of regressions to estimate the values of the parameters that define the cost
functions. Regression estimation of cost function parameters has important advantages over
calibrating the model to values taken from a single year. In particular, calibrated parameter
values are sensitive to the idiosyncratic conditions of the year of calibration. By contrast, my
regression parameters are determined from five decades of data. However, endogeneity is an
issue for the regressions since prices, a right hand side variable, are dependent on cost shares, a
left hand side variable. Additionally, since the cost shares of all the inputs must sum to one, the
error terms of the regressions are correlated. Both of these problems are solved by performing
the regressions using iterated three-stage least squares.

The data used in this regression and subsequent model simulations come from several
sources. The first is a system of US national accounts covering the years 1960 to 2005 com-
piled by Jorgenson (2007). These data include the quantity and price of output produced by
all industries and all inputs purchased by all industries. Additional data come from the BEA
(Bureau of Economic Analysis) Tables of the Use of Commodities by Industries for 1997-2010
and the BEA Gross Output Price Index for 1987-2010. The older Jorgenson (2007) data are
converted to the same industrial classification system as the BEA data using the 1997 Economic
Census’s Bridge between NAICS (North American Industrial Classification System) and SIC
(Standard Industrial Classification).

In order to determine the economic effects of the president’s budget proposal, I compare
two tax regimes. The first is current law, which includes a tax on capital, a tax on labor, a

tax on energy reserves, and production taxes on output. In the second tax regime, the energy
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Table 3.1: Selected Parameters and their Values in the Baseline Specification

Symbol Definition Value  Source

Ocapital Elasticity of capital supply with respect 0.5 Gunning, Diamond, and Zodrow (2008?
to capital rental rate

Oravor Elasticity of labor supply with 0.2 McClelland and Mok (2012)
respect to wage rate

Oresources Elasticity of resource supply with respect 0.5 See Section m
to resource price

0 Arm Armington elasticity of substitution between 23 Balistreri, Al-Qahtani, and Dahl (2010
domestic and imported fossil fuels!

0 Arm Armington elasticity of substitution between 4 Rutherford and Paltsev (2000])

domestic and imported goods for goods
other than fossil fuels®

Ocaport Own price elasticity of export demand -1 Senhadji and Montenegro (1999))
0, Elasticity of substitution between 4 See Section
resource and KLEM
Teapital Effective tax rate on capital Varies See Section M
Tlabor Effective tax rate on labor 0.316  CBO (2005)
Tresources Effective tax rate on energy resource Varies See Section [3.3.4
Tproduction ~ Difective tax rate on production Varies See Section |3.3.4

Notes: (1) Fossil fuel producing sectors are oil and gas extraction, petroleum and coal products manufacturing,
and pipeline transportation.

portions of the president’s fiscal year 2014 budget proposal are implemented, raising tax rates
on fossil fuel producers. In addition, capital tax rates are lowered uniformly on all sectors under
the second regime. The rate of this capital tax decrease is chosen in order to make the budget

proposal regime revenue neutral with current law.

3.3.2 Model Parameters

The values used for the model parameters have one of three sources: regression analysis,
previous literature, or raw data. The cost and expenditure function parameters are estimated
by a series of regressions. These regressions are described in Section and the parameter
values they generate are listed in Appendix [D} By contrast, literature and data parameters are
taken from scholarly literature or my estimates from raw data, respectively. These literature or
data parameters and their sources are described in this section. Table lists the elasticity and
tax parameters that define the responsiveness of capital, labor, resources, imports, and exports
to price changes.

A few of the parameters in Table need additional explanation. The first is the Arm-
ington elasticity of substitution. I assume a world market for energy products exists because
previous literature has found high substitutability of imported and domestic fossil fuels (Bal-
istreri, Al-Qahtani, and Dahl, [2010)). Therefore, the model uses a higher Armington elasticity

of substitution for fossil fuel production than for other sectors.
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The second parameter of note is the elasticity of substitution between KLEM output and
the energy resource. This parameter that has not been estimated in the literature. I use
as a baseline the value 4, which equals the Armington elasticity of substitution for the cost
equation that nests it. However, because of the uncertainty in this parameter’s value, I conduct
a sensitivity test using an alternative value for this parameter in Section [3.4]

The third noteworthy parameter is the elasticity of energy resource supply. Varying this
elasticity determines the responsiveness of resource supply to changes in economic rents. A
value of zero indicates that changes in rents do not affect resource supply. A value of 0.5 is the
same as the elasticity for capital, and indicates that the resource has the same responsiveness to
changes in rents as capital does to changes in price. Mohn (2010) estimates a price elasticity of
over 0.9 for oil supply so a high value of 1.0 is used. In the sensitivity analysis, this parameter

is varied from 0.1 to 1.0 to examine the importance of resource rents.

3.3.3 Firm Cost and Consumer Expenditure Functions
Functional Forms

This section details the firm cost and consumer expenditure functions that are the source
of the model’s flexible substitution. Both consumer expenditure and firm cost functions have
the same general form, so only firm costs function will be mentioned in areas where they are
the same and any differences will be explicitly pointed out.

In the model, there is not just one single cost function for an entire industry but, following
Jorgenson and Yun (2001) and Wilcoxen (1988), production is in each industry characterized
by a series of nested cost functions, each with the translog formﬁ The tier structure used to
nest the cost functions for each industry is shown in the tree in Figure [3.2

An aggregate output and its components inputs will be called a “node” of the structure.
The top translog node has each sector’s KLEM output created from capital (K), labor (L),
energy (E), and materials (M). The KLEM output is the sector’s domestic output, e.g., KLEM
for the manufacturing sector is domestic manufacturing outputﬂ Lower nodes are aggregates of

particular energy and material inputsH For example, the aggregate output MO is made from

8Nesting the cost functions is necessary to reduce the quantity of parameters to be estimated to a manageable
number. Nesting reduces parameters by limiting the number of inputs at each node of production and increasing
the number of nodes since the number of parameters at a node is of order N2.

9For industries that do not produce fossil fuels, KLEM cost is exactly the domestic cost. However, for fossil
fuel producing industries, KLEM must be combined with the energy resource to produce the domestic good. See

Figure of Appendix for addition details.
10The KLEM output is not the final output used by consumers or firms. Section details how KLEM is
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Figure 3.2: Tiers for the Translog Cost Function for Firm Production

Final domestic output of industry z (KLEM,)

-

K, L. E. M,
211 22 324 486 MM, MP, MS, MO,

11 21 31 N, 61 62 71 72 51 55 56 MSS, 23 53 MOT,
52 54 81 42 44 48
Notes: K is capital, L is labor, and N is non-competing imports. KLEM, is the top tier output for the translog
cost function for industry = but it is not final composite output good z. See Appendix for details on how

KLEM is combined with the energy resource or imported goods to produce the composite good. Numbers give
the NAICS code of the respective sector’s output. All other letters are the names of aggregate outputs.

the inputs MOT, input 23 (construction), and input 53 (real estate and rental and leasing). All
aggregate outputs are also used as inputs for the next higher stage of the production process.
For example, MOT is itself also an aggregate output made from inputs 42 (wholesale trade), 44
(retail trade), and 48 (transportation and warehousing). At the lowest level, the inputs used are
capital, labor, the 22 sector final composite outputs. Note that the prices of the final composite
outputs are the same across all industries at a particular time but the prices of capital, labor,

and aggregate inputs like energy will vary across industries in the same time period.

For each aggregate output (node) o and each industry x, the translog cost function is

N N N
1 .y
ln(czvot) — 5 Z Z ﬁ;%bsmtutwnln(pmt)ln(pxjt) + Zﬁ;éwre constantln(pxit)
i=1 j=1 i=1

N
+ Zﬁi?are trendln(pmt)t + /Bi?)St trendt + l@;gst constant (31)
i=1

where In(cgot), the log of the cost of producing output o for industry z at time ¢, is a function

of the log of the input prices In(pyi) of the N inputsﬂ In(pzit) is the log of the price of input

substitution share constant

¢ at time ¢ to industry = and ¢ is measured in years. The variables (73 y B ,

sharetrend Qcosttrend

itk , BSY , and Beost constant for the inputs ¢ and j are the parameters to be estimated

at this node by the regression.
Intuitively, ﬁfc%b“““tw” defines how use of input ¢ responds to changes in the price of input
j for industry x. The variable B;?‘”e constant ig aqn intercept that gives the value share of input 4

for industry = at this node when time and all log input prices are zero. The variable ﬁ;?a’"e trend

combined with the energy resource and imports to get the final composite output.

" The value of N, the number of inputs used to make an output, ranges from one to four and is defined for
a particular node according to Figure It varies across nodes but is the same at any particular node across
industries.
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defines how much the value share of input ¢ changes in one year for industry x if input prices do

cost trend
To

not change. The variable 3 is a productivity parameter that defines how much the cost
of output changes over time for industry z. The variable 359t constant jg the constant term of
the cost function. It is the cost of output at time 0 when all input prices are 1. Because the cost

of all outputs except for KLEM is unobservable, I cannot estimate the parameters 325t trend op

cost constant \when o £ KLEM. I therefore constrain them to be 0 when o # KLEM. However,

o

share constant

ik in the next

these parameters are not independently identified from 5;,’;“"6 trend and f3
higher node of the tier structure, so my assumption does not affect results.

The household consumption expenditure function follows the same general format as the
firm cost functions: a translog expenditure function that is nested into tiers. However, there
are two differences. First, the following goods are not bought by consumers: 23 (construction),
212 (mining - except oil and gas), 55 (management of companies and enterprises), 211 (oil
and gas extraction), 213 (mining support activities), capital, and labor. And because the cost
of the final consumption good is not observed, I cannot estimate the parameters St trend or

peost constant for consumers even at node KLEM. I therefore constrain them to be 0 for consumers

at all nodes.

Regressions for Cost and Expenditure Function Parametrization

In this section, I estimate the parameter values of Equation [3.1] for each output and industry
through a series of regressions. The preferred specification of the regression is iterated three-
stage least squares with one-year lagged prices used as instruments. Appendix presents
additional details of the regressions and their exact functional forms. This is the preferred
regression specification because it accounts for both endogeneity of prices and cost shares and
correlation between cost shares. However, the use of instrumental variables can introduce new
problems if the instruments are weak. Therefore, I test the overidentifying restrictions to see to
what extent the instruments are weak. In order to determine the effect of the instruments on
the model, T also estimate two alternative specifications and perform a Monte Carlo simulation.
These sensitivity tests indicate that model results are not significantly affected by the choice of
instruments or the fact that some excluded instruments are weakly correlated with the included
endogenous variables.

Table describes the regression results. Due to the extremely large number of parameters,

Table presents the mean and standard deviation of regression R? statistics instead of all



Table 3.2: Regression R? Statistics

Commodity | Mean Standard Deviation
11 0.480 0.276
21 0.253 0.254
211 0.166 0.190
22 0.579 0.246
23 0.635 0.220
31 0.486 0.239
324 0.594 0.227
42 0.388 0.305
44 0.383 0.326
48 0.335 0.309
486 0.705 0.268
51 0.483 0.227
52 0.370 0.273
53 0.573 0.329
54 0.401 0.274
55 0.266 0.204
56 0.364 0.310
61 0.337 0.246
62 0.831 0.162
71 0.379 0.374
72 0.836 0.066
81 0.393 0.258
E 0.537 0.254
K 0.410 0.249
L 0.567 0.159
M 0.458 0.232
MM 0.671 0.212
MO 0.671 0.306
MOT 0.239 0.247
MP 0.868 0.126
MS 0.787 0.185
MSS 0.544 0.254
N 0.494 0.198
KLEM! 0.993 0.008

Notes: (1) For commodity KLEM, the mean and
standard deviation of the R? values from the cost
equation are presented and no cost share equation
exists. For all other commodities, the mean and
standard deviation of the R? values of the cost
share equation are presented and no cost equation
exists.
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Table 3.3: Regression Instrumental Variable Statistics

Under ID P-Value (%) Weak Stat
Commodity | Mean Standard Deviation | Mean Standard Deviation
E 3.5 16.3 4.923 1.047
M 3.5 15.6 7.364 2.754
MM 3.2 14.7 4.113 1.109
MO 0.1 0.3 11.864 3.832
MOT 2.0 3.3 2.025 0.335
MP 1.6 7.4 4.564 0.947
MS 1.0 4.3 2.868 0.532
MSS 0.2 0.9 9.273 1.722
KLEM 10.9 12.2 2.538 3.310

parameter estimates and their associated standard errors[?] [?] For most commodities, the R?
values of the cost share equation are presented because no cost equation exists. However, the
R? is calculated differently for commodity KLEM than for the others. For commodity KLEM,
the R? values from the cost equation are presented and no cost share equation exists. The
average R? value is 0.993 for KLEM. Because KLEM is essentially the final domestic cost for a
sector, this high R? shows that the predictive power of the system of cost functions as a whole
is quite high.

I test the validity of the instrumental variable specification using both underidentification
and weak identification tests. Results of these tests are presented in Table A Lagrange
multiplier version of the Anderson canonical correlation test statistic is calculated in order to
test for underidentification (Anderson, 1951)@ The p-value of this test statistic is reported in
column 1 of Table[3.3] Except for output KLEM, on average all regressions reject underidentifi-
cation at either the 1 or 5 percent level of statistical significance. However, underidentification
for commodity KLEM cannot be rejected at even the 10 percent level. In addition, there is
high variance in some of the p-values. Appendix [F] indicates that these p-values are very high
for consumers but very low for industries. Therefore underidentification may be a problem for
the regression specification.

Results for the second tests also suggests that the instruments are weak. For this test, I

12Ful] regression parameter estimates are presented in Appendix @ Full summary statistics are presented in
Appendix E

13Note that the typical method of calculating the total sum of squares, the sum of the regression and residual
sum of squares, is incorrect because instrumental variables are used. Instead, R? = p;? where Y and Y are the
actual and predicted values of the dependent variable and py. - is the correlation coeflicient between them.

14 A5 explained in Baum, Schaffer, and Stillman (2002), “The test is essentially the test of the rank of a matrix:
under the null hypothesis that the equation is underidentified, the matrix of reduced form coefficients on the L1
excluded instruments has rank=K1-1 where K1=number of endogenous regressors. Under the null, the statistic is
distributed as chi-squared with degrees of freedom=(L1-K1+1). A rejection of the null indicates that the matrix
is full column rank, i.e., the model is identified.”
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calculate the Cragg-Donald statistic in column 3 (Cragg and Donald, [1993). Stock and Yogo
(2002) calculate a variety of critical values of this test statistic but not for the exact configuration
used here: 4 instruments and 4 endogenous regressors. However, for 5 instruments and 3
endogenous regressors, the critical value is 4.30]E| This is significantly larger than the test
statistic for MOT and most importantly, KLEM, suggesting that the instruments may be weak.

However, further investigation shows that weak instruments are not problematic for the
model results. Two alternative regression specifications are used to investigate the significance
of weak instruments. First, instead of using one-year lagged values of the input prices as in-
struments, I use two-year lagged values. Second, instrumental variables are dropped completely
and instead of iterated three-stage least squares, the regression is performed with seemingly
unrelated regressions. The results of the model’s simulation under these alternative specifi-
cations are presented in Table of Section [3.4.2l However, these alternative specifications
give very similar predictions to the baseline for all economic variables. Additionally, Monte
Carlo methods are used to assess the effect of any instability in parameter estimates resulting
from weak instruments. Results of this analysis are shown in Table of Section [3.4.2l These
specifications show that any such instability does not affect qualitative results and could even
decrease the benefits of the budget proposal.

To summarize, the statistics presented here give a positive appraisal of the regression spec-
ification. The R? of the KLEM output equation is nearly 1. Additionally, I find evidence of
weak identification but determine that alternative instruments, no instruments at all, and the
instability in parameters results from weak instruments all do not affect qualitative results.

Therefore, I conclude that the regression provides robust parameter values to the model.

3.3.4 Taxation

This section describes the tax rates used in the model, both for current law and under
the budget proposal. In order to accurately analyze the effect of the budget proposal, the
model includes government taxes on capital, labor, energy resources, and production under
both current law and the budget proposal. The tax rates for production are determined from
empirical data while the tax rate for labor is taken from the literature. By contrast, the rates for

capital and resource taxes are determined partly from data and partly from the literature. Under

5This value is for the test based on two-stage least squares bias and a 0.30 maximal bias of instrumental
variables relative to ordinary least squares.
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the budget proposal, the tax rate changes for each provision of the proposal are determined by
first assigning a base to each provision. The provision’s tax rate change is then calculated by
dividing the projected revenue increase from that provision by that base. The effect of the
entire budget proposal is calculated by summing the rate changes for each provision for their

respective tax base.

Current Law Tax Rates

Current law tax rates are calculated using data from a number of sources. The tax rate on
labor income is set equal to 31.6 percent following CBO (2005). The production tax rate for
each industry’s output is equal to the the AETR of all production taxes on a value of output
base calculated as described in Section and presented in Section [2.3.3

The capital tax rate is equal to the sum of the firm and personal-level capital tax rates. The
rates for the firm-level capital taxes vary by industry and are taken from the relevant average
effective tax rate (AETR) results calculated using the methodology in Section m Due to
data limitations, this AETR includes firm level taxes but does not include individual level taxes
such as those on capital gains, dividends, or income from pass-through entities. I include the
aggregate effect of these taxes by setting all sectors’ personal level capital taxes equal to 12.5
percent. This value causes total firm and personal capital taxes for the entire economy to
average 20 percent as found in Mackie (2002)). Unfortunately, this method ignores any variation
in individual level capital tax rates between sectors. However, in order for individual level capital
taxes to lower taxes for fossil fuel production relative to other sectors, individual taxes would
need to vary systematically by industry and with negative correlation to the rates calculated in
Section To reduce the effect of outliers, a ceiling of 35 percent, the maximum statutory
federal corporate rate, is set on the current law firm capital tax rates used in the model. The
tax rate for the energy resource is based off of the capital tax rate for fossil fuel producers:

Tresource 15 equal to the value of Te4pitar,» Where = the oil and gas extraction industry.

Budget Proposal Tax Rate Increases

In order to model the budget proposal, the provisions of the proposal must be expressed
in a method conformable with the model’s variables. This is done by assigning each budget

provision to a particular tax base (capital or production) for a particular sector or set of sectors,

16Since I cannot disprove this possibility, additional results are presented in Section using METRs instead
of AETRs
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Table 3.4: Tax Bases for Provisions in Budget Proposal

Provision and Industry Base Factor Base
All fossil fuel production’ :

Repeal the domestic manufacturing deduction for fossil fuels Capital
Modify tax rules for dual capacity taxpayers Capital
All other fossil fuel specific provisions Capital
Petroleum and coal products manufacturing:

Repeal LIFO inventory accounting for all sectors Capital
Reinstate Superfund excise taxes Output
Increase Oil Spill Liability Trust Fund financing rate Output
Mining:

Repeal the capital gains treatment of coal royalties Capital
Repeal percentage depletion for coal and other hard mineral fossil fuels Output
Repeal expensing of coal exploration and development Capital
Oil and gas extraction:

Repeal expensing of intangible drilling costs Capital
Repeal percentage depletion for oil and gas Output
Increase geological and geophysical amortization period Capital

Notes: (1) Fossil fuel production is defined as oil and gas extraction, petroleum and coal
products manufacturing, and pipeline transportation.

as shown in Table[3.4] The tax rate this provision applies to these bases and sectors is calculated
by dividing the proposal’s average yearly revenue from JCT (2013) by the 2009 tax base of these
sectors. In order to calculate the effect of the budget proposal as a whole, the tax rates implied
by each provision for each base for each sector are added together to provide a cumulative rate
for all provisions.

However, LIFO complicates this calculation. The LIFO change includes both a permanent
increase in tax rates due to the taxation of future inventory appreciation and also a one-time
tax payment from the taxation of current LIFO reserves. In addition, the LIFO change applies
to all industries, not just fossil fuel extraction. However, the JCT (2013) revenue estimate
does not disaggregate all these effects. Therefore instead of using JCT (2013), I calculate the
revenue increase of the LIFO inventory change using JCT (2014a)’s estimate of the revenue
increase of removing LIFO from 2016-2018, which is equal to the permanent tax rate increase
of removing LIFO (JCT, 2014b). Because Przybyla (2011) indicates that 82 percent of LIFO
reserves are held by energy companies, I allocate 82 percent of this tax increase to petroleum

and coal products manufacturing, and the other 18 percent to all other sectors.
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Table 3.5: Macroeconomic Effects of the Budget Proposal under Baseline Assumptions

Variable Percent Change in Variable
Welfare -0.50

Capital Stock -0.04
Employment -0.01
Consumption -0.17

Output -0.13

Capital Rental Rate' -0.09

Labor Wage Rate! -0.06

Variable Value ($/ton)

Social Cost of Carbon 14

Notes: (1) Wage and capital rental rates are the post-
tax rates expressed using the price of consumption as a
numeéraire.

3.4 Results

In this section, I use the computable general equilibrium model described in Section
to examine the impact of the changes to fossil fuel taxation proposed in the president’s 2014
budget. I calculate how economic variables would change if the proposal were implemented.
I find that the budget proposal reduces fossil fuel production and also reduces social welfare
before externalities are taken into account. Sensitivity tests show that these results are robust
to a variety of changes to the model. The results confirm the importance of general equilibrium

modeling, flexible substitution, and endogenous energy resource supply.

3.4.1 Baseline Results

Table illustrates the macroeconomic effects of implementing the budget proposal. The
economic efficiency of the proposal is first measured using the welfare of the representative
household, excluding carbon externalities. Under the budget proposal, household welfare would
decrease by 0.50 percent. In addition, other economic variables such as the capital stock,
employment, household consumption, domestic output, wages, and the capital rental rate would
also all decrease under the budget proposal.

The explanation for the decrease in welfare (excluding externalities) can be traced to these
other economic variables. I then follow the changes in these variables back to their original
source. The decrease in welfare is caused by the decrease in consumption, which is caused
by the decrease in income. The decrease in income is in turn caused by the decrease in the

capital and labor prices and quantities. The decrease in capital and labor prices also lead to



43

the decrease in quantities supplied. Therefore, the decrease in capital and labor prices are the
root cause.

Recall that the three pathways by which energy taxes can lead to efficiency changes are
production and consumption, resource rents, and externalities. The baseline results are driven
by the first issue, production and consumption inefficiency. The budget proposal decreases the
efficiency of the allocation of capital and labor across industries, lowering their productivity,
and thus also lowering their price[l"]

Industry level effects of the budget proposal are similar to the macroeconomic effects. Table
presents the effects of the budget proposal on each industry’s output price, the quantity of
output the industry produces, and the capital and labor employed by the industry. In general,
all of these variables decrease. In particular, since the proposal increases capital taxes on fossil
fuel producing sectors, the capital stock in these sectors falls. The capital stock in oil and gas
extraction falls the most, by 7.34 percent. Perhaps surprisingly, the capital and labor employed
by these industries decreases far more than their output falls. However, this is because capital
and labor are relatively unimportant in these industries. Together capital and labor are only
12% of costs for petroleum and coal products manufacturing and 11% for oil and gas extraction.

The reduction in fossil fuel production leads to the primary benefit of the proposal: a
reduction in carbon emissions. I compare the benefits of the reduction in carbon emissions to
the cost of reduced household welfare, before carbon emissions are taken into account. I do so
by calculating the budget proposal’s implied social cost of carbon: the cost of carbon for which
the budget proposal has zero net effect on household welfare. This implied social cost of carbon
is equal to the equivalent variation that households would pay to avoid the budget proposal
divided by the change in carbon emissions due to the proposal@ If the total social cost of
carbon from all externalities is $14, the budget proposal gives households the same welfare as
under current law. For higher carbon costs, the budget proposal increases household welfare.
For lower costs, it reduces welfare. By comparison, the Interagency Working Group on Social
Cost of Carbon (2013) lists mean estimates of the marginal social costs of carbon for 2015
ranging from $11 to $52, depending on the discount rate used@

In total, these results highlight the importance of the features of my model relating to general

17T refer only to productive efficiency and inputs here because the arguments are exactly the same for con-
sumptive efficiency and goods.

18See Appendix for an explanation of how the change in carbon emissions is calculated.

9The social cost of carbon estimated by the Interagency Working Group on Social Cost of Carbon (2013)
apparently does not include energy security externalities since this category is not explicitly listed.
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Table 3.6: Industry Level Effects of the Budget Proposal

Percent Change in
Consumer Capital

Industry Price Output  Stock  Employment
Accommodation and Food Services -0.05 -0.09 0.02 -0.07
Administrative and Waste Management -0.05 -0.10 0.05 -0.05
Agriculture, Forestry, Fishing, and Hunting 0.01 -0.06 -0.02 -0.01
Arts, Entertainment, and Recreation -0.02 -0.10 -0.06 -0.07
Construction 0.00 -0.02 -0.04 0.03
Educational Services -0.05 -0.10 0.01 -0.09
Finance and Insurance -0.08 -0.01 0.05 -0.01
Health Care and Social Assistance -0.03 -0.13 -0.06 -0.13
Information -0.05 -0.01 0.07 -0.01
Management of Companies and Enterprises -0.08 0.08 0.09 0.09
Manufacturing -0.03 0.00 0.14 0.03
Mining 0.20 -0.21 -0.18 -0.22
Oil and Gas Extraction 0.52 -2.65 -7.34 -14.52
Other Services -0.06 -0.07 0.03 -0.07
Petroleum and Coal Products Manufacturing 0.92 -2.40 -3.61 -6.94
Pipeline Transportation 0.45 -0.62 -0.77 -0.71
Professional, Scientific, and Technical Services -0.03 -0.03 0.03 -0.04
Real Estate and Rental and Leasing -0.06 -0.04 0.01 -0.03
Retail Trade -0.04 -0.12 0.00 -0.09
Transportation and Warehousing 0.18 -0.21 -0.12 0.00
Utilities 0.09 -0.29 -0.18 -0.12
Wholesale Trade -0.04 -0.01 0.08 0.02

equilibrium modeling, flexible substitution, and externalities. A partial equilibrium model could
not determine that the budget proposal reduces household welfare, excluding externalities.
Additionally, a model without flexible substitution would not predict the large drop in fossil
fuel capital relative to the drop in output. This would lead the model to either overstate the
reduction in carbon emissions or understate the efficiency loss from input substitution. And
finally, a model without externalities would underestimate the benefits of the proposal. All three
play a role in accurately determining the effects of the budget proposal. In the next section, I

perform sensitivity tests and also evaluate the role of the last issue: resource rents.

3.4.2 Sensitivity Tests

I test the robustness of the baseline results presented thus far with a number of alternative
model specifications. These alternative specifications change parameters or assumptions from
those in the baseline and then examine how results respond. Recall that in the baseline spec-
ification, Oeapitar = 0.5, Olabor = 0.2, Oresource = 0.5, 0, = 4, and gossilFuelProduction — 93 = Ty
addition, in the baseline specification the energy resource is separate from capital and the av-

erage effective tax rates (AETRs) calculated in Section are used for the capital tax rates.
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Table 3.7: Macroeconomic Effects of the Budget Proposal Under Alternative Assumptions

Percent Change in
Social Cost
Capital of Carbon
Parameter Values® Welfare?  Stock  Employment Consumption ($/ton)
1 Baseline -0.50 -0.04 -0.01 -0.17 14
2 Ocapital = 1 -0.25 -0.09 -0.01 -0.14 16
3 Ocapital = 0.2 -0.40 -0.02 -0.01 -0.42 13
4 Orabor = 0.3 -1.03 -0.05 -0.02 -0.18 15
5 Orabor = 0.1 -0.28 -0.04 -0.01 -0.16 12
6 Oresource = 1 -0.54 -0.05 -0.01 -0.18 15
7 | Oresource = 0.1 -0.46 -0.04 -0.01 -0.15 13
8 0, =0.1 -0.63 -0.06 -0.01 -0.21 17
0 gi‘:::zjc::l’fl“b” =03, -0.36 -0.10 -0.02 -0.16 19
10| Ocapitar = 0.2, Orabor = 0.1, -0.85 -0.01 -0.01 -0.42 11
eresou'rce =0.1
11 | ghossitFuelProduction _ 4 -0.24 0.00 -0.01 -0.09 7
12 | Energy resource treated as capital -0.76 -0.09 -0.02 -0.25 21
13 | Mackie (2002) capital METRs -0.70 -0.05 -0.01 -0.19 13
14 | Regression: 2 period lags for IV -0.25 -0.03 -0.01 -0.10 19
15 | Regression: no instruments -1.24 -0.05 -0.01 -0.20 13

Notes: (1) Except for the changes explicitly noted under “parameter values,” all specifications use the same
parameter values and methods as the baseline (specification 1).

(2) Because household utility can be negative, percentage change values can be misleading. Therefore I present
the absolute percent change so that positive percents represent increases in welfare while negative numbers
represent decreases in welfare.
Furthermore, the translog cost function parameters are estimated using iterated three-stage
least squares with one year lagged prices used as the first-stage instrumental variables. All of
these parameters or assumptions are changed in at least one sensitivity test. While the baseline
uses values that represent the average of the literature, the alternative specifications utilize the
high and low extremes of the values which are credibly supported by the literature. My results
are robust to the removal of any of these assumptions.

Economic variables do not change markedly under the various alternative specifications.
Table presents the changes in welfare, capital stock, employment, or consumption caused by
the budget proposal under all alternative model specifications. The table also lists the different
social costs of carbon necessary for the budget proposal to have zero net effect on household
welfare. Specification 1 is the baseline, while specifications 2 through 7 vary the price elasticities
of supply for capital, labor, and energy resources. However, under these specifications all
variables retain the same sign as the baseline and have similar magnitudes.

Specifications 6 and 7 are especially noteworthy because they deal with the elasticity of
energy resource supply. Recall that energy resource supply is better modeled by partial equilib-

rium models than general equilibrium models. However, these specifications have very similar

results, which indicates that the exact value used for the elasticity of the energy resource is not
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important. This finding suggests that the advantage of partial equilibrium models in this area
may not be important for final results.

Other changes are also considered. Specification 8 changes the elasticity of technical sub-
stitution for the energy resource, while specifications 9 and 10 change multiple elasticities at
once to all be high or low. However, again, results are similar to the baseline. Specifications 11
though 15 consider more fundamental changes that have larger impacts on results than vary-
ing elasticity parameters. In specification 11, I reduce the Armington elasticity substitution
of imported and domestic fossil fuels to 4 (from 23 in the baseline simulation). This greatly
reduces the welfare loss of the proposal and the social cost of carbon necessary to justify it,
while also providing the one change in sign of any variable: the budget proposal now has no
effect on aggregate capital stock. This indicates that import assumptions significantly impact
results: if importation of fossil fuels were as difficult as the importation of a typical good (i.e.
an elasticity of 4 instead of 23), then raising taxes on fossil fuels would be less inefficient. It
also shows that models that do not allow for substitution toward imported fossil fuels, such as
partial equilibrium models or CGE models that assume inelastic import demand, underestimate
the negative effects of energy taxes.

One of the primary goals of this paper has been to incorporate endogenous resource supply
into a general equilibrium model. The importance of endogenous resource supply can be eval-
uated by considering a specification without it, specifically, by including the energy resource
as part of the capital stock instead of as a separate factor of production. This is considered
in specification 12. Compared to the baseline, the effects of the proposal on the social cost
of carbon increase to the highest level of any specification. This indicates that including the
energy resource as a separate input meaningfully impacts results and that models without an
energy resource would overestimate the efficiency costs of the budget proposal. In addition,
comparison of this specification to specifications 6 and 7 show that including an energy resource
has a large effect on the carbon price necessary to justify the proposal but exactly how the
model includes the energy resource is much less important.

In specification 13, I consider model sensitivity to alternative tax rates. Although Section
mentions a number of advantages the AETR has over the METR in this situation, the
METR is still the standard method of measuring tax rates. In order to examine if results are
driven by the use of AETRs, specification 13 uses the capital METR calculated by Mackie

(2002) instead of my calculated capital AETRs. However, the effects of the proposal under this
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specification are still negative and similar in size to the baseline.

Additionally, I consider several alternative specifications of the regression used to parametrize
the translog consumer expenditure and firm cost functions@ In the baseline, iterated three-
stage least squares was used to parametrize the cost function. Intuitively, three-stage least
squares can be thought of as instrumental variables (two-stage least squares or 1V) followed
by seemingly unrelated regressions (SUR). The ideal sensitivity test would be to perform this
regression first with only the IV portion of the regression, then with only the SUR portion, and
finally by ordinary least squares. However, it is not possible to perform the regression without
the SUR portion. Recall that in order to ensure that the translog cost function I estimate is
a legitimate cost function, I must impose cross equation restrictions on the parameter values.
Therefore, it is not possible to remove the SUR part of the regression without relaxing these
restrictions P

Instead, I perform sensitivity tests only on the IV portion of the regression. This is done in
specifications 14 and 15. In the baseline specification, the instruments used for the first-stage
are the one year lagged values of the input prices. In specification 14, the 2 year lagged values
are used instead. In specification 15, no instruments are used at all. In both cases the proposal
has a negative impact on all economic variables. Recall that Section showed evidence that
the baseline specification may be using weak instruments. These sensitivity tests show that the
results on welfare, capital stock, employment, consumption, and the social cost of carbon are
not driven by the choice of instruments.

In addition to these sensitivity tests, I examine the translog cost function’s parameters as
a whole as well. Varying individual parameter values is an effective method of determining the
sensitivity of model predictions to a small set of parameters. Unfortunately, this method cannot
be used to evaluate the entire translog cost function because of the large number of parameters
involved. However, Monte Carlo methods can handle large numbers of parameters as long as
their distribution is known. I use a Monte Carlo simulation to test the robustness of results
to the estimated parameters of the translog cost and expenditure functions. New parameter

values 3 are drawn from the multivariate distribution

B~ N(BX) (3.2)

29For brevity, I refer only to the firm cost function as it is treated identically to the consumer expenditure
function in theses tests.
218ee Appendix for a list of what these restrictions are and how they are imposed.
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Table 3.8: Macroeconomic Effects of the Budget Proposal in the Monte Carlo Simulation

Percentile of Percent Change in Variable
Variable 5% 50% 95%
Welfare -0.52 -0.43 -0.27
Capital Stock -0.05 -0.04 -0.04
Employment -0.01 -0.01 -0.01
Consumption -0.18 -0.16 -0.11
Output -0.13 -0.13 -0.11
Capital Rental Rate! -0.10 -0.09 -0.07
Labor Wage Rate! -0.06 -0.06 -0.05
Percentile of Variable

Variable 5% 50% 95%
Social Cost of Carbon 19 15 12

Notes: (1) Wage and capital rental rates are the post-tax rates expressed using

the price of consumption as a numéraire.
where f* and ¥* are from the seemingly unrelated regressions portion of the iterated three-stage
least squares regression. §* is the vector of estimated parameter values and X* is the estimated
variance-covariance matrix for the parameter estimates. 20 draws from this distribution are
taken for each variable. The cost function parameters resulting from each draw are used to run
a new simulation, with all other model parameters as shown in the baseline specification.

Table[3.8 presents the results of the Monte Carlo simulation. The distribution of the macroe-

conomic effects of the proposal estimated by the Monte Carlo simulation are consistent with
those in the baseline specification. Even at the 95 percentile, all macroeconomic variables
decrease under the budget proposal and the budget proposal needs a social cost of carbon of
$12 to enhance social efficiency. Taken together, the Monte Carlo simulation and the other sen-
sitivity tests demonstrate that my baseline results are not purely products of my assumptions

but would occur under a broad class of model specifications and elasticity values.

3.5 Conclusions

In this chapter, I construct a computable general equilibrium model of the United States
economy. My model includes endogenous resource supply, flexible substitution among consumer
goods and production inputs, and externalities associated with energy use. I then use this model
to examine proposed fossil fuel tax increases in President Obama’s 2014 budget proposal. This
research has two main conclusions regarding the effects of the proposal and how energy taxes
should be modeled.

First, the budget proposal will reduce domestic fossil fuel production and will also reduce
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household welfare before carbon externalities are accounted for. The budget proposal discour-
ages the investment in and the production of fossil fuels. The movement of economic activity
out of fossil fuels worsens the allocation of consumption, labor, and capital across sectors of the
economy and leads to lower productivity and household consumption. The social cost of carbon
needs to be at least $14 per ton in order for reduced carbon emissions to make up for the social
efficiency costs of the budget proposal.

Second, the innovations in my model significantly impact the estimates of the proposal’s
effects. A partial equilibrium model could not analyze the efficiency costs of the proposal.
Additionally, a general equilibrium model without flexible substitution would overstate the
proposal’s reduction in carbon emissions or understate the efficiency loss from input substitu-
tion. Similarly, a model without externalities would underestimate the benefits of the proposal.
Sensitivity tests further expose the limitations of the aforementioned approaches. These tests
illustrate that both the inclusion of an energy resource and the general equilibrium effects of
import substitution have important welfare impacts. By contrast, factors more accurately mod-
eled by partial equilibrium models have little effect on welfare estimates. Therefore these results
confirm the importance of considering general equilibrium effects, productive and consumptive

efficiency, resource rents, and externalities.
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Chapter 4

The Efficiency of Gross Receipts

Taxation

4.1 Introduction

Retail sales taxes (RSTs) and gross receipts taxes (GRTSs) are important revenue sources for
most US states. In 2011, 42 states relied on RSTs or GRTs for at least 20 percent of their tax
revenues, and these taxes accounted for over 50 percent of revenues in Texas, Hawaii, Tennessee,
South Dakota, Florida, and Washington (Tax Policy Center, |2013). In total, these taxes raised
$374 billion, or 31 percent of total own-state revenues (Tax Policy Center, |2013; US Census
Bureau, [2012). Although RSTs are more common in the United States, there has been a recent
resurgence of interest in GRTs. Various forms of broad-based GRT's have recently been enacted
in Ohio, Texas, and Kentucky and GRTs have long been in place in Delaware and WashingtonE]
A

The primary difference between these two types of taxes is that, in principle, an RST applies
only to all final sales to consumers and exempts from taxation all sales of intermediate inputs to
businesses. By comparison, a GRT in principle taxes all sales of all businesses, including both
retail sales to consumers and sales of intermediate inputs to businesses. Because GRTs tax

the sales of intermediate inputs, they are widely viewed as highly inefficient tax instruments.

'In some cases, the dividing line between RSTs and GRTs can be blurry. For example, Mikesell (2007) notes
that several states have taxes that are legally GRTs but from an economic perspective are effectively RSTs.
Such states include Arizona, California, Connecticut, Hawaii, Kentucky, Michigan, Nevada, New Mexico, North
Dakota, South Dakota, Tennessee, and Wisconsin.

2In this paper, I consider only broad-based GRTs that apply to most sales in the economy and do not examine
narrow GRTs that apply only to particular industries or activities.
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Intermediate good taxation result in “tax cascading,” or multiple applications of the statutory
GRT rate at various stages of the production process (Mikesell, 2007; Pogue, 2007). Tax
cascading in turn causes at least four types of economic inefﬁciencyﬁ

The four types of economic inefficiency caused by intermediate good taxation relate to
production, tax competition, consumption, and vertical integration. First, intermediate input
taxation leads to productive inefficiency. In the absence of full forward shifting of all taxes
on all inputs into consumer prices, taxing intermediate inputs altering input prices and thus
distorts business decisions regarding input mix. According to the well-known Diamond and
Mirrlees (1971)) production efficiency theorem, such production distortions are generally un-
desirableﬁ Second, taxation of business inputs increases production costs within a state and
creates incentives for businesses to locate in other states with a less burdensome tax structure.
Third, a large fraction of input taxes is likely to be shifted forward onto consumption. As a
result, the final effective tax rate on a taxed consumption good or service will be higher than
the statutory rate, with arbitrary differential effective tax rates across consumer goods. These
effective tax rates will vary depending on the number of taxed stages in the production process
and will inefficiently distort consumption decisions. Fourth, because the final tax burden under
a cascading tax depends on the number of stages in the production process, cascading creates
a tax incentive for inefficient vertical integration. For all of these reasons, most observers argue
that a gross receipts tax is highly inefficient. In particular, a GRT is widely viewed as a less
efficient tax instrument than a well-designed RST (Pogue, 2007)E|

Although the RST is thus in principle a more efficient tax than the GRT, RSTs in practice
fall far short of an ideal consumption-based tax that is applied to all final consumer goods and

services while exempting all production inputs (McLure, 2005). In particular, real RSTs often

3As discussed below, additional sources of inefficiency unrelated to tax cascading arise because the typical
GRT, like the typical RST, does not tax all consumption goods, exempting some goods for social reasons, others
on administrative grounds, and largely exempting remote sales, including electronic commerce. The typical GRT,
however, taxes consumption much more comprehensively than the typical RST. See footnote [10| for an example.

4Note that the production efficiency theorem requires that a full set of commodity taxes be available and
set optimally and that any positive economic profits be taxed at a rate of 100% (Diamond and Mirrlees, [1971)).
If these conditions are not satisfied, differential tax treatment of intermediate inputs may be desirable (1) to
indirectly tax final goods that are under-taxed relative to the optimum, or (2) to indirectly tax production inputs
that earn above-normal profits. It seems unlikely that the pattern of differential taxes required for efficiency in
these cases would correspond to the pattern that occurs under a GRT. However, that possibility cannot be ruled
out without an empirical investigation of the actual GRT and industry structure in any given state. As will be
discussed below, a similar issue arises under retail sales taxes, which also tax intermediate inputs. For example,
Hawkins (2002)) shows that sales taxation of inputs is generally disproportionately high in service industries that
are largely exempt from sales taxes (even though sales of services to final consumers should in principle be fully
taxed), so that the taxation of intermediate inputs can be efficiency-enhancing in this case.

SIndeed, one of the main reasons for the widespread adoption of the VAT in Europe was the desire to eliminate
the gross receipts or “turnover” taxes that preceded it (Bird and Gendron, 2007, p. 20).
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tax intermediate inputs and thus suffer from tax cascading. Indeed, Ring (1999) estimates that
as much as 40 percent of RST revenues are attributable to taxes on intermediate inputs[f| As
a result, all of the inefficiencies that plague the GRT also arise to some extent under the RST.
In addition, RSTs — to a greater extent than GRTs — typically are not assessed uniformly
on all consumption goods, as exemptions for health care, education, food, and other “merit
goods” are more common than under GRTs. Many services are also exempt from tax, and the
taxation of remote sales is haphazard, especially for sales of consumer goods over the Internetm
All of these factors further reduce the efficiency of RSTs. Thus despite the common perception
that GRTs are relatively inefficient tax instruments when compared to RSTs, it is not clear in
practice which of the two taxes is preferable on efficiency grounds.

I examine the relative efficiency of the two taxes in this paper within the context of a
computable general equilibrium model of a representative state economy. Specifically, I compare
the relative efficiency costs of equal revenue yield versions of a generic GRT and a generic RST,
typical of those enacted in the various states. The analysis takes into account both the taxation
of production inputs that leads to tax cascading and exemptions for items such as health care
and education as well as many services. It also considers the extent to which the taxation of
business inputs reduces total state output. I am not, however, able to examine differential tax
effects on vertical integration within the context of the model.

Given the focus on tax cascading under both the GRT and the RST, accurate modeling of
both firm production and consumer choices is essential. Firm production technologies need to
include variations in the number of stages, as well as in the production process for different
industries and in the extent of firm substitution among intermediate inputs. Consumer choices
also need to allow for substitution among different consumption goods and services. Two
features of the model ensure that it has such flexibility: the number of goods and the cost
functions that describe how they are used.

First, I allow for a relatively large number of intermediate and consumer goods. Production

is disaggregated into 21 different industries to analyze tax cascading within and across many

5Ring (1999) does not distinguish between revenues attributable to intermediate inputs and those attributable
to purchases of consumer goods by out-of-state tourists.

"The arguments for excluding internet sales from sales taxes are not particularly compelling (Zodrow, 2006]).
In addition, numerous factors have combined to increase the sales taxation of electronic commerce significantly
in recent years and have increased the prospects that a much larger fraction of remote sales to consumers will
eventually be subject to tax. These factors include the passage of so-called “Amazon laws,” voluntary agreements
between Amazon and various states, and the efforts of the states participating in the Streamlined Sales Tax
Agreement.
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different sectors. The outputs of these production sectors are then combined to produce final
consumption goods to analyze the efficiency costs of distortions in consumer prices.

Second, in order to capture substitution across production inputs and consumer goods pre-
cisely, I use highly flexible firm cost and consumer expenditure functions. Specifically, for
production, I assume a translog functional form for the firm cost functions in each industry, fol-
lowing the work of Jorgenson and various associates, especially Jorgenson and Slesnick (2008)
and Wilcoxen (1988). The translog function is preferable to the more commonly used and
more tractable constant elasticity of substitution (CES) production function, which assumes
the elasticities of substitution between all inputs used in a given cost function are the same. By
comparison, the translog function allows these elasticities to vary across different combinations
of inputs. Similarly, the effects of consumption distortions under the two taxes are captured by
using the translog functional form for the consumer expenditure function, which again allows
more flexible modeling of substitution than the often-used CES utility function. The translog
functional form also allows for technological progress and changes in the importance of particular
inputs over time.

The paper proceeds as follows. I begin in the following section with a short review of the
literature and then outline my methodology in Section The simulation results are presented

in Section while the final section offers some concluding observations.

4.2 Literature Review

Although I am not aware of any previous studies that have examined the relative efficiency
properties of state GRTs and RSTs, several previous analyses have examined the efficiency of
state sales tax reforms. The studies that are most relevant to this paper are Russo (2005) and
Hawkins (2002), both of which are reviewed by Fox and Luna (2006)).

Russo (2005) compared several sales tax reforms within the context of an infinite horizon
general equilibrium model with two consumption goods and one intermediate good. These tax
reforms included broadening the base of the sales tax, replacing the sales tax with a true con-
sumption tax, and replacing the sales tax with higher income taxes. He found that broadening
the sales tax base and converting the sales tax base to include all consumption expenditures
increases economic efficiency, while replacing sales taxes with an income tax reduces efficiency.

In addition, Russo concluded that even partial sales tax base broadening could produce sizable
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efficiency improvements. This finding provides an interesting perspective on comparisons of the
GRT and RST because the GRT can be described as an RST with its base broadened to include
both more final goods (which increases efficiency) and more intermediate inputs (which reduces
efficiency).

Hawkins (2002) conducted another analysis of the taxation of production inputs under a sales
tax. He used a partial equilibrium model to analyze the effect of pyramiding due to the taxation
of intermediate goods on the efficiency of state sales taxes. Hawkins does not model production
explicitly but uses the Almost Ideal Demand System to model consumer demand (which is
broadly similar to my translog expenditure functions) in order to evaluate the efficiency cost of
tax distortions of consumer purchasing decisions under different sales tax structures. His results
generally indicate that uniform taxation of consumption goods promotes efficiency. One result
that is particularly relevant for this paper is that the input taxes he considers indirectly fall
heavily on price-inelastic and RST-exempt goods and thus tend to improve economic efficiency.

My analysis extends this literature by using a much more detailed production and demand
structure within a fully specified general equilibrium model. For example, Hawkins (2002) does
not explicitly model production and thus does not consider production inefficiency. Moreover,
compared to the two consumption goods and one intermediate good modeled by Russo (2005),
my model contains 21 production goods, all of which can be used as either consumption goods
or intermediate inputs, and also utilizes much more flexible cost and expenditure functions.
Both of these features allow for a more accurate analysis of the production inefficiencies caused

by tax cascading due to the taxation of intermediate goods under the GRT and the RST.

4.3 Methodology

This analysis utilizes a modified version of the general equilibrium model of the US economy
previously described in Chapter These modifications are designed to adjust the model for
differences between federal energy taxation and the analysis of gross receipts and retail sales
taxes in a representative US state. The modified model is then used to compare a GRT and an
equal revenue RST. In this section, I describe the changes to the model compared to the version
used in Chapter I also briefly describe the exact features of the GRT and RST analyzed
using the model.

The state version of the model used in this chapter differs from that of the previous chapter
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in a small number of Waysﬁ Some changes focus the model on gross receipts taxation instead
of energy. In this version of the model, the representative state government only collects gross
receipts or retail sales taxes. The model ignores all other taxes, i.e. those on capital and labor.
In addition, this model uses the tier structure of production shown in Figure which has less
detail on fossil fuel production.

Figure 4.1: Tiers for the Translog Cost Function for Firm Production in the State Model

Final domestic output of industry z (KLEM,,)

/\

K, L, E. M,
211 22 213 MM, MP, MS, MO,

R A I

11 212 31 N, 61 62 71 72 51 55 56 MSS.. 23 53 MOT,
52 54 81 42 44 48
Notes: K is capital, L is labor, and N is non-competing imports. KLEM, is the top tier output for the translog
cost function for industry = but it is not final composite output good z. See Appendix for details on how

KLEM is combined with imported goods to produce the composite good. Numbers give the NAICS code of the
respective sector’s output (see Table [4.1). All other letters are the names of aggregate outputs.

I also adjust the model to differences between the entire US and a single representative
US state. I assume the population of households within the taxing state and their aggregate
labor supply are fixed. And by contrast, I assume that the state can be modeled as small
open economy in the capital market; the supply of capital to the state is perfectly elastic. One
notable variable I do not change is the Armington elasticity of substitution. I do not change it
because its current value of 4.0 is broadly similar to that used in the CGE models of the US
states. Specifically, Thaiprasert, Faulk, and Hicks (2013) use a value of 2 and Despotakis and
Fisher (1988) use values that range from 0.25 to 6.0. In addition, the state model does not
include an energy resource.

I use this model to compare two tax regimes: an RST and a GRT. The RST is typical of
those used by the states because its base includes some business inputs and it also exempts
certain goods (see Table . In order to implement these features, the RST is split into two
portions. The first is a consumption tax that falls only on taxed final goods. The second is an
intermediate goods tax that falls only on taxed intermediate goods. Based on the results in Ring
(1999), I assume that 40 percent of RST revenues come from the tax on intermediate goodsﬂ

Specifically, I set the final good tax rate equal to 1 percent and solve for the intermediate good

8 Any features not mentioned are the same in both versions of the model.
9Recall that this is an overestimate because Ring (1999)) included tourist purchases of consumer goods in his
calculation of the amount of intermediate inputs in the sales tax base.
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Table 4.1: Taxable and Exempt Goods under the RST

NAICS | Output

Code | Exempt? | Industry
72 No Accommodation and Food Services
11 No Agriculture
71 No Arts, Entertainment, and Recreation
23 No Construction
61 Yes Educational Services
52 Yes Finance and Insurance
62 Yes Health Care and Social Assistance
51 Yes Information
55 Yes Management
31 No Manufacturing

212 No Mining - Except Oil and Gas

211 No Mining - Oil and Gas

213 No Mining Support Activities
81 Yes Other Services
53 Yes Real Estate

44 No Retail Trade
54 Yes Technical Services

48 No Transportation
22 No Utilities
56 No Waste Disposal

42 No Wholesale Trade

tax rate such that intermediate good tax revenue is equal to 40 percent of the combined revenue
of the two components of the RST.

The second tax regime consists of a GRT on all sales by in-state firms, both of intermediate
and final goods, with no exempt industriesFE] The GRT tax rate is chosen to be revenue
neutral with the RST. In order to compare revenues as the prices of goods change, total state
government revenue under both the RST and GRT scenarios must be sufficient to purchase the
same number of units of the consumer composite consumption good. Under both the RST and
GRT, all tax revenue is returned to consumers as a lump sum rebate.

For both the GRT and RST, the degree of tax cascading for each good is endogenously
determined by the input mix used by the industry that produces that good. Industries using
inputs that are characterized by limited tax pyramiding or inputs that are tax exempt (under
the RST) will produce outputs that have relatively little tax pyramiding, and vice versa. The

translog cost function determines the input mix used by each industry and thus the degree of

10 Although GRTs do not necessarily apply to all sales, exemptions for particular industries or goods do not
seem to be a common feature. For example, the Ohio GRT applies to schools, health providers, and services if
they are provided by for-profit organizations with at least $150,000 of taxable gross receipts. By comparison,
these activities are almost always exempt from RSTs.
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Table 4.2: Statutory Tax Rates Under Each Tax Regime (Percent)

Classification Under the RST RST GRT
Exempt Intermediate Goods 0 0.414
Non-exempt Intermediate Goods | 0.643 0.414
Exempt Final Goods 0 0.414
Non-exempt Final Goods 1.000 0.414

tax pyramiding, as well as the ability of firms to substitute among inputs in response to the

different tax regimes analyzed.

4.4 Results

I begin by characterizing the initial equilibrium in the model. I set the tax rate on inter-
mediate goods under the RST (which is assumed to be the same for all intermediate goods) so
that 40 percent of RST revenues are attributable to the taxation of intermediate goods when
the tax rate on final goods is 1 percent. This results in a tax rate on intermediate goods of
0.643 percent. By contrast, moving to a GRT broadens the tax base to include all final con-
sumption and intermediate goods (now taxing those exempt under the RST) and thus lowers
the necessary tax rate, to 0.414 percent (see Table . Surprisingly, the RST actually taxes
intermediate goods more than the GRT. The GRT only receives 33.7 percent of its revenue from
the taxation of business inputs, as opposed to 40 percent for the RST. This is because the base
broadening that occurs under the GRT, relative to the RST, falls less heavily on intermediate
goods than the original RST base did.

Figure shows the change in the price of each industry’s output that would occur if
the RST were replaced with a GRT. Industries that were previously exempt face nominal price
increases of about 0.8 percent, while industries that were previously taxed face price increases of
less than 0.2 percent. Figure[4.3]shows the change in the output of each sector that would occur
with a move to a GRT. These results reflect the price changes shown in Figure 1, as previously
non-exempt industries increase their output and previously exempt industries decrease their
output.

My methodology also allows me to compare the efficiency cost of the RST relative to that
of an equal-yield GRT. I calculate the excess burden of the RST using an equivalent variation
measure — the amount households would be willing to pay under the GRT regime to avoid

moving to the RST regime, expressed as a fraction of the revenue raised under the GRT. By
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Figure 4.2: Price Change Due to Moving to a Gross Receipts Tax from a Retail Sales Tax, by
Sector
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Figure 4.3: Producer Output Quantity Change Due to Moving to a Gross Receipts Tax from a

Retail Sales Tax, by Sector
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Table 4.3: Macroeconomic Effects of Replacing an RST with a GRT

Variable Change
Output (Nominal) (% Change) 0.293
Output (Real) (% Change) -0.016
Private Investment (% Change) -0.075
Price of Consumption Good (% Change) 0.309
Capital Rental Rate! (% Change) -0.001
Labor Wage Rate! (% Change) 0.042
Excess Burden of Taxation (Percentage Point Change) | -6.82

Notes: (1) Wage and capital rental rates are the rates expressed using the

price of consumption as a numéraire.
this measure, the efficiency loss of moving to a RST equals 6.8 percent of revenues. That is,
the revenue raised under the RST results in an excess burden that is higher by 6.8 percent of
revenues than the excess burden that arises from raising the same amount of revenue under a
GRT.

I can also calculate the absolute efficiency costs of the RST and the GRT, compared to
an equilibrium in which neither tax is imposed. The absolute excess burden, the equivalent
variation consumers would be willing to pay to avoid having any tax imposed at all, is 25.9
percent of revenues for the RST. This excess burden is significantly higher than that found by
Hawkins (2002)), who found that a sales tax with a 1.76 percent statutory rate, pyramiding, and
exemptions for most services and home foods had an excess burden of 17.9 percent of revenues.
By contrast, I find that the GRT’s excess burden is 19.1 percent of revenues, or 6.8 percentage
points less than under the RST. Thus, contrary to the conventional wisdom described in the
introduction, the GRT is more efficient than the RST in this simulation. Note, however, that
my comparison understates the efficiency cost of the GRT to some extent because I assume that
it taxes all consumption goods with no exemptions.

Table examines additional economic effects of replacing the RST with a GRT. Nominal
output and the wage rate are larger under the GRT. However, real output, private investment,
the price of the consumption good, and the real capital rental rate (as well as the efficiency
costs of the tax discussed above) are smaller. An important reason for the relative efficiency
of the GRT is that it results in an improved allocation of labor, which leads to higher labor
productivity, higher wages, and higher household income. The real labor wage rate is 0.042
percent higher under the GRT. The increase in labor income is partially offset by a reduction
in private investment, which falls by 0.075 percent. However, because the income share of labor

is 66 percent, the net effect of moving to a GRT is to increase total real household income by
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0.036 percent.

My results on the relative efficiency of the RST and GRT are not what might be expected
based on the existing literature, but are not surprising when examined in detail. Although the
GRT is often viewed to be an undesirable tax instrument because it results in tax cascading, in
reality both taxes suffer from this problem. In my comparison of a generic RST and a generic
GRT, the RST actually gets a larger fraction of its revenues from taxes on intermediate goods.
Intermediate good taxation leads to inefficient substitution by firms and consumers, and results
in inefficiencies in production and consumption. More generally, because my model has a more
detailed production and consumption structure, it is better able to estimate the excess burdens

of RSTs and GRTs than previous models.

4.5 Conclusions

Retail sales taxes are commonly viewed as significantly more efficient than gross receipts
taxes because the latter apply to intermediate goods and thus result in tax cascading. However,
the retail sales taxes used by the US states are not pure consumption taxes, but in fact tax
many intermediate inputs while exempting more consumption goods than the typical gross
receipts tax does. In this paper, I analyze the relative efficiency of a generic gross receipts tax
and a generic retail sales tax while taking these factors into account. I find that substitution in
production and consumption, as well as general equilibrium effects, play key roles in determining
the relative efficiencies. For the particular retail sales tax and gross receipts tax analyzed, my
model shows that, contrary to the conventional wisdom, the gross receipts tax is more efficient
than the retail sales tax, with an efficiency cost that is 6.8 percent of revenues less than that
associated with an equal-yield retail sales tax. In addition, the retail sales tax actually receives

a larger fraction of its revenue from intermediate good taxation than the gross receipts tax does.
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Appendix A

Model Data

A.1 Jorgenson (2007)

The data used in the regressions and simulations come from several sources. The first is a
system of US national accounts covering the years 1960 to 2005 compiled by Jorgenson (2007).
This data includes the quantity and price of output produced by all industries, the capital and
labor purchased by each industry, the price of capital and labor purchased by each industry,
and all intermediate inputs purchased by each industry from each industry. However, this data
uses its own unique sector classification system that is roughly based on the Standard Industrial
Classification (SIC). But the SIC has been superseded by the more modern North American
Industrial Classification System (NAICS) and all other data sets use the NAICS format.

In order to convert Jorgenson (2007) to NAICS, I first convert the data to SIC. I then utilize
the 1997 Economic Census’s Bridge between NAICS and SIC. The bridge gives the value of
shipments and full-time equivalent employees in each SIC sector and how both are apportioned
to the new NAICS sectors. The Jorgenson (2007) data on price, industry revenue, and input
purchases are apportioned to NAICS sectors using the value of shipments in the bridge.

Input purchases by Jorgenson (2007) sectors are apportioned in three steps. First the SIC

shipments in the bridge are aggregated to the level of the Jorgenson (2007)) sectors:

Shipy = Ship? (A1)

zey
where Ship? are the value of shipments of SIC industry z apportioned to NAICS industry = and

Ship;, are the value of shipments of Jorgenson (2007) industry y apportioned to NAICS industry
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x. Note that each Jorgenson (2007) sector y contains many SIC sectors z. Jorgenson (2007)
sector 35 (government enterprises) has no corresponding SIC entry in the bridge but all other
Jorgenson (2007) sectors directly correspond to particular SIC sectors. No SIC sector contains
more than one Jorgenson (2007) sector. The next step gives the use of Jorgenson (2007) inputs

by NAICS industries with the following formula:

Shipty ORGJORG
NAICS,JORG _ Dy Uy (A.2)
xjt - .

e ToRG wveNarcs ShiDg

NAICS,JORG

here w, is the expenditure on Jorgenson (2007) input j by NAICS industry = at

time ¢, Ship; are the value of shipments of Jorgenson (2007)) industry y apportioned to NAICS

JORG,JORG
yjit

industry z, u is the expenditure on Jorgenson (2007)) input j by Jorgenson (2007
industry y at time ¢, and JORG is the set of all sectors in Jorgenson (2007)). Intuitively, Equation
says that the NAICS sector which is apportioned X percent of the value of shipments of a
Jorgenson (2007) sector is also apportioned X percent of that sector’s Jorgenson (2007) input
purchases.

However note that in Equation the input j is still a Jorgenson (2007) sector, not a
NAICS sector: only the industry using the input was converted into the NAICS basis. In the

second step, the inputs are converted into an NAICS basis as follows:

ShipiquORG’NAICS

Ugit = Z 7zt (A-3)

)
jEJORG D ieNAICS Shlpj

where here ug;; is the expenditure on NAICS input ¢ by NAICS industry z at time ¢. This
fully converts Jorgenson (2007) input purchases of Jorgenson (2007) industries to NAICS input
purchases by NAICS industries.

Next the revenue data in Jorgenson (2007) must be converted. The following equation is

used to convert Jorgenson (2007)) industry revenue to NAICS revenue:

ShiptulORG
Ugt = Z : JtSh. 7 (A4)
JE€JORG 2ienarcs Ship;
where u, is the revenue of NAICS industry x at time ¢ and u/PF is the revenue of Jorgenson

(2007)) industry j at time t.
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Finally, Jorgenson (2007) prices are converted to NAICS prices as follows:

SICShip

pit = Z it

jesic dit > ienarcs Ship;

(A.5)

A.2 Other Data Sources

Additional data comes from the BEA Tables of the Use of Commodities by Industries from
1997-2010. This data set contains revenue for NAICS industries that is used for the years 2006
through 2010. In addition, this data set contains commodity demand data that is used for all
years.

It is also worth noting exactly how variables such as “government investment” are defined
as this variable draws from several different variables in this data set. Household consumption
expenditure data by industry are taken from “Personal consumption expenditures”. The pri-
vate investment expenditures are equal to the sum of “Private fixed investment” and “Change
in private inventories”. Exports are “Exports of goods and services”. Imports are “Imports
of goods and services”. Government investment is the sum of “Federal Government defense:
Gross investment”, “Nondefense: Gross investment”, “State and local government education:
Gross investment”, and “State and local government gross investment, other”. Government
consumption is equal to the sum of “Federal Government defense: Consumption expenditures”,
“Nondefense: Consumption expenditures”, and “State and local government consumption ex-
penditures, other”.

A third source of data is the BEA Gross Output Price Index from 1987-2010 which contains
the price for each sector’s output. For most sectors, these prices can be used directly without
adjustment. However, it is worth noting that my model’s sectors differ slightly from NAICS
sectors. Sectors 211, 324, and 486 are not standalone sectors and are not contained in sectors
21, 31, and 48 as they normally are in the NAICS. The price of the sector (211, 324, or 486)
commodity is removed from the price of commodity (21, 31, or 48) which no longer contains it

as follows:
OLD
_ p3iy” Revenuegyy — pa11 Revenueay i

P21t = A6
Revenuesy; — Revenueain; (A-6)
OLD
ity = p3ii Revenuesiy — p3aaRevenuesayt (A7)
31t = .
Revenuesiy — Revenuesoyy
OLD
_ pisi Revenueygt — page Revenuesser A
Past = (A.8)

Revenueysy — Revenueyset
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where pgtLD is the original price of commodity k£ at time ¢ in the raw BEA data where k €

{21, 31,48}.

Note that Jorgenson (2007) also contains price data. The Jorgenson (2007) prices are used
from 1960-1997. For years after 1997, the normalized BEA prices are used. This is done because
the Jorgenson (2007) had to be converted from SIC and thus suffers from conversion error while
the BEA data does not. This normalization is accomplished by setting prices in 1997 equal to

the Jorgenson (2007)) 1997 prices as follows:

v if t <1997

Pit = (Ag)

J
BEAPi1997 .
BEATIT i ¢ > 1997
Pii997

where p;; is the price of commodity ¢ at time t used in the regression, pi‘]t is the price from
Jorgenson (2007)) and ngA is the price from the BEA data set.

The final data source from the BEA is BEA Table: Full-Time Equivalent Employees by
Industry for the years 1998-2010 which provides the full-time equivalent employees by industry.

Data for expenditures on energy resource acquisition come from two sources. The first is T-
15. Oil and Natural Gas Exploration and Development Expenditures from 1977 to 2009, which
provides the expenditures by financial reporting system (FRS) companies on the acquisition of
land containing oil and gas resources[] However, T-15 only includes FRS firms. In order to find
the expenditures of all firms, reserve additions from these and non-FRS companies are taken

from T-19. Oil and Natural Gas Reserves: FRS and Industry, 2008 to 1977

!Available online at |http://www.eia.gov/cfapps/frs/frstables.cfm?tableNumber=15&startYear=
1977&endYear=2009&loadAction=Apply+Changes.

“Available online at |http://www.eia.gov/cfapps/frs/frstables.cfm?tableNumber=19&startYear=
2003&%endYear=2009.


http://www.eia.gov/cfapps/frs/frstables.cfm?tableNumber=15&startYear=1977&endYear=2009&loadAction=Apply+Changes
http://www.eia.gov/cfapps/frs/frstables.cfm?tableNumber=15&startYear=1977&endYear=2009&loadAction=Apply+Changes
http://www.eia.gov/cfapps/frs/frstables.cfm?tableNumber=19&startYear=2003&endYear=2009
http://www.eia.gov/cfapps/frs/frstables.cfm?tableNumber=19&startYear=2003&endYear=2009
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Appendix B
Model Equations

B.1 Variable Definitions

Tables[B.I|and define the variables used in the model, excluding the elasticity parameters
of Table Table lists the variables that refer to the price, quantity, or expenditure on
various commodities. If a variable is missing a sector x subscript, then it is a vector of the
prices for all sectors. The variable with a time t subscript are only used in the regression: in
the simulation, the model is solved for a steady-state equilibrium in the year 2005.

Table defines the parameters used in the constant elasticity of substitution (CES) cost
functions that give the price of domestic output and composite output. These parameters
are determined by calibration in order to give the observed cost shares spent on imported
versus domestic products for all sectors or on energy resources versus capital, labor, energy, and

materials for oil and gas extraction.

B.2 Regression

B.2.1 Regression Equations

The regression which parametrizes the translog cost function in Equation deals not only
with that equation but an entire system of equations. The additional equations are the input

cost shares, one for each input, given by

N
substitution share trend share constant
sharezoir = Y _ B In (peit) + B t+ B (B.1)
=1
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Table B.1: Commodity Variable Notation

Symbol  Definition

Dait Price of input ¢ to industry x at time ¢

Dakt Price of capital to industry x at time ¢

Dalt Price of labor to industry = at time ¢

Dart Price of resource to industry x at time ¢

Dai Price of input 4 to industry x

Dk Vector of prices of capital

12 Vector of prices of labor

Dr Vector of prices of resource

Ddom Vector of prices of domestic output

Pimp Vector of prices of imported output

Dcom Vector of prices of composite import/domestic commodity
Pe Prices of the household composite consumption good

Notes: Only the price variables are given in the table given a price
variable p., the associated quantity is ¢, and the associated expenditure

is p.q. = u,.

Table B.2: CES Parameters

Symbol  Definition

QU Parameter for Equation [B.21f Domestic output cost function
axreym  Parameter for Equation [B.21f Domestic output cost function
Qimport Parameter for Equation |B.27; Composite output cost function
Qgdomestic Parameter for Equation [B.27f Composite output cost function

where share,; is the share of the total cost of output o for industry x at time t that is spent
on input s.

However, these equations are parametrized indirectly. Because the translog cost function is
not guaranteed to be concave, a Cholesky decomposition was used to ensure the concavity. The
parameters of the Cholesky decomposition are those actually estimated by the regression. In
addition, the requirements of homogeneity, product exhaustion, and symmetry impose further

constraints on the parameters. Taking into account all these restrictions, the actual regression

is performed on the following system of 3 equations (labeled Equations|B.2} |B.3| and B.4) when

N=4 and inputs i = {1,2,3,4}. For brevity gshareconstant = gsc

xi®

sharegzo1s =
56— (=555 4 B35 + €21 In(pere) — (B5B55 + ede11da12) n(p,o,)
— (B35 B35 + et datsyin (p o) + (0 + (=455 + B35 + o)

(B35 855 + eTrtdnz) 4 (B35 635 + e ) ) in(pgag) + BT year + egore (B.2)
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sharegpor =

35— (B85 + M) in(payy) — (=835 + B35 + €212 + €222 In(paay)
(B35 et s et i) 4 (04 (85635 + )
(B35 + G357 + €202 €202 + (BI85 + et 4

ed””22+d”23))ln(px4t) + B;gare trendyear + €0t (Bg)

sharezoss =

55 — (B3935 + e B In(pyy) — (835835 + efer2tdens ezt dazs)in (o)
— (B35 + B + €201 4 €252 4 €205 )n(pygy) + (0 + (B35 555 + e )
(835855 + et s g edemtdann) 4 (53 4 5362 4 @213 4

e20e28 4 20w33)) In(pray) + BEETC M year + ep0n (B.4)

where €,4;¢ is the error term. However, not all cost function (Equation [3.1) terms are present in

Equations [B:2] [B.3] and [B.4 And note that the d;; terms do not appear in the cost function

at all. The remaining terms for the cost function are derived from the terms in Equations [B.2]

and [B.4] as follows in Equations through

substitution __ sc2 2dz11 sc
Bat = — (81" + ™M) + 831 (B.5)
ﬁsubstitution _ _( sc gse d111+d1;12) (B 6)
12 = z1Pz2 T € .
substitution __ sc psc dg11+dz13
z13 - 7( mlﬁri’) +er ¢ ) (B7)
substitution __ substitution substitution substitution
/8x14 =0- /B:rll - ﬁle - 6w13 (BS)
substitution __ sc2 2d;12 2d ;22 sc
222 = — (B + €71 4 e72) + 335 (B.9)
;’ggstztutwn _ _( sc ;g + 6d9c12+dx13 4 edx22+d9023) (BlO)
substitution __ substitution substitution substitution
Brad =0- 05313 — Bago — Baas (B.11)
o 9
;ggstztutwn _ _( ;g + €2d’c13 + 62dx23 + €2d’”33) + ;g (B12)

substitution __ substitution substitution substitution
Brad =0— 593 — Bass — Bais (B.13)
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sc __ sc sc sc
x4 — 1- xl = Fzx2 = Fa3 (B14)

substitution __ substitution substitution substitution
B;v44 =0- /8.1‘14 - ﬁx?él - Bac34 (B15)

share trend __ share trend share trend share trend
x4 =0- le P2 - FMx3 . (B16)

Additionally, since prices are directly observed, not costs, I assume that the domestic price

of output is equal to the cost of producing that industry’s KLEM output

Co, KLEM,t = Pz domt- (B.17)

B.2.2 Regularity Conditions

Not all functions are cost functions. In order for a function to be a cost function, it must
be the dual representation of a well-behaved production function. This imposes the following

requirements on the cost function (McFadden, 1978):

1. Positivity. The cost function is positive for positive input prices.
2. Homogeneity. The cost function is homogeneous of degree one in the input prices.

3. Monotonicity. The price function is increasing in the input prices.

W

. Concavity. The price function is concave in the input prices.

Many functional forms for cost functions satisfy these 4 requirements for all parameter
values. However, the translog cost function does not. For a translog cost function to satisfy the

above 4 requirements, it must satisfy the following 5 conditions (Jorgenson, |1986):

1. Homogeneity. The value shares and the rate of technical change are homogeneous of

degree zero in the input prices.
2. Product Exhaustion. The sum of the value shares is equal to unity.
3. Symmetry. The matrix of share elasticities is symmetric.
4. Nonnegativity. The value shares must be nonnegative.

5. Monotonicity. The matrix of share elasticities must be nonpositive definite.
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The regression to parametrize the translog cost function must be implemented with these
requirements in mind in order to avoid parameter values that violate them and thus lead to
the use of a function which is not a cost function. The following cross equation restrictions on

parameter values:

Z /Bshareconstant =1 Vo (B 18)
i '
1EN
Z B;émretrend -0 Vo (Blg)
1EN
;?Jbstitution _ ;?lbstitution V(E, Z,j (BQO)

guarantee that the cost function satisfies the homogeneity (Equation, product exhaustion
(Equation , and symmetry (Equation conditions. Nonnegativity and monotonicity
cannot be guaranteed but must be checked for using the regression’s estimated parameter values.
This is accomplished by taking the estimated parameter values and the full data set of input
prices used to estimate them and determining for what percent of these input prices the resultant
cost functions are nonnegative and monotonic.

Table presents results of this calculationﬂ Almost all cost shares are positive for all
input prices. The very few exceptions typically occur for industries that use little to none of
a particular commodity. This would allow difference in scale between that commodity’s cost
share and the cost shares of the other commodities to cause negative cost shares for the less
used commodity through rounding errors.

The concavity of the cost function in input prices is equivalent to the monotonicity require-
ment. This is determined by calculating the cost function’s Hessian and determining whether
the Hessian is negative semidefinite or not. However, this procedure involves calculating the
Hessian’s eigenvalues using both multiplication and addition. Because of this, even small round-
ing errors can significantly change the outcome. Therefore, I define a cost function as concave
if given any eigenvalue A of its Hessian, A < 10716, 10716 was chosen because the computer
program used to calculate the Hessian has 16 digits of precision.

Table[B.3]indicates that for the majority of input prices, the cost functions are concave. Most
importantly, the top level output KLEM is concave for 68.2 percent of input prices. However,

at the lower level commodities are not always concave in input prices. Concavity is a significant

!These are the mean values of the summary statistics averaged over all industries. See Appendix [F| for full
results.



Table B.3: Regression Statistics: Nonnegativity and Monotonicity

Commodity | Nonnegative (%) Monotonic (%)
11 100 na
21 100 na
211 99 na
22 100 na
23 99.7 na
31 100 na
324 99.9 na
42 100 na
44 100 na
48 100 na
486 99.9 na
51 100 na
52 100 na
53 100 na
54 100 na
55 100 na
96 100 na
61 100 na
62 100 na
71 100 na
72 100 na
81 100 na
E 100 20.6
100 na
L 100 na
M 100 36.2
MM 100 69.7
MO 100 48.9
MOT 100 65.6
MP 100 83.4
MS 100 89.6
MSS 100 82.6
N 100 na
KLEM na 68.2

Notes: There are different numbers of entries in each
column because every commodity which is an input has
a cost share, which defines nonnegativity. However, only
composite commodities have cost functions, which de-
fines monotonicity.
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problem for commodities E and M. I attempt to mitigate the concavity problem through the
use of a Cholesky decomposition as detailed in Appendix [B:2.1] But Table B.3]s results are

what is obtained after all efforts to improve the function’s concavity have been implemented.

B.3 Other Cost Functions

The translog cost function describes how the various KLEM goods, the domestic outputs
of each industry, are produced. However, the KLEM good cannot be directly used to satisfy
demand for a commodity. In order to create composite output that can satisfy demand, KLEM
must be combined with the energy resource to create domestic output and then domestic output
must be combined with imports to produce composite output. This process is diagrammed in
Figure [B1]

Figure B.1: Tiers and Cost Functions to Create Composite Output

Composite Output

T CES

Domestic Output Imports

T~ CES

KLEM Resource

/\ Translog

K LEM

Notes: See Section for the tier structure of producing KLEM.

However, the step of combining KLEM and the energy resource only applies to the industry
of oil and gas extraction. For all other industries, the energy resource is not used: gz resource = 0

and pg dom = Pz, xkL.EM if T # oil and gas extraction.

B.3.1 Domestic Output

Domestic output is created using a constant elasticity of substitution cost function with two
inputs, KLEM, the output of the translog cost function, and the energy resource. The cost

function for domestic output is

1

1
¢dom

0, 1-0, 6. 1-6, _
(@™ + oL paPi ) O (B.21)

Cdom (DK LEM,Pr) =

with

OCKLEM — 1—ar (B.22)
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and

1

0, 1-0, | 0O 1-0, _
Pdom = (2" Pr2005 + VK LEMPKLEM,2005) L= /pdom 2005 (B.23)

The cost share of the resource is

0, 1—0,
Uy Q' Py

_ B.24)
0, 1-0, 0y 1-6, (
Ur tUKLEM o pr "+ QR PR LEM

and the value of ag gy is calibrated for the year 2005 by solving for the axrpy that gives

the 2005 cost share of the resource is

6, 1—0
Ur,2005 B Q" P 9005 (B.25)

u +u = "0, 1-6, 0, 1-0, : :
7,2005 KLEM,2005  Qr"Dpooos T O 1 EMPKLEM,2005

The assumption of perfectly competitive markets means that pxrea is equal to the cost

times one plus the production tax rate

Pdom = Cdom(l + 7—production)' (B26)

B.3.2 Imports and Composite Output

Like domestic output, composite output is created using a constant elasticity of substitution

cost function in two variables: the price of domestic output pgo,, and imports pimport-

1

Oarm . 1—6Arm Oarm . 1—0armN\1/(1—6
Pcom = Ccom (pdom7pimpo7"t) = (,b (adﬁm pdomA + ai?’?’;pthpimpgT’t ) / Arm) (B27)
com
where
0 0 1/(1—
deom = (g + i )1/ (A= 0arm), (B.28)

This value of ¢ was chosen so that if input prices are equal, they equal composite price

Ceom (T, x) = x. (B.29)



81

Solving for ajmport in terms of the other variables gives

1
. 1_eAr'm, 0
Aimport = ( Himport < Pdom ) ) Arm (B.30)

Udomestic T Uimport \ Pimport

and

Qimport = 1 — agom.- (B31)

Pimport 15 assumed to be exogenous to the model. For convenience, I assume pimport = Pdom,2005
but any value of p;mport can be used without affecting results due to the way the other parameters
are defined.

In order to parametrize mport, it is partially calibrated as

1

Uimport,2005 Diom 1=0arm\ 0 gy,
Aimport = (B32)

Udom,2005 + Uimport,2005 \ Pimport

where p%_ is the value of pgo, for a simulation using the model baseline specification’s elasticity
parameter values under current law. p}  is used instead of pgom, 2005 Which would calibrate
Qimport for 2005 data.

Although pgom, 2005 could be used, that would be a mistake. Because portions of the model
such as the translog firm cost and consumer expenditure functions are not calibrated, 2005
prices are not equilibrium prices for the model, but differ slightly. This is important for import
substitution because of the extremely high Armington elasticities involved, especially for the
critically important fossil fuel production sectors. These large elasticities mean that the non-
equilibrium prices of pgom, 2005 would cause imports to be very different under the model’s current
law equilibrium than the empirical values in the data. Calibrating aimpors off of an equilibrium
price such as pjj . ensures that the model’s equilibrium import levels are closer to the empirical

values than would be achieved with calibration to 2005 prices.
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B.4 Removing the Energy Resource From the Capital Stock

Since the “other” data include energy resource acquisition expenditures as part of capital

expenditures, these expenditures are subtracted as follows:

Ur,2005

. (B.33)
Djk2005

qjkt, BASELINE — 4jk2005 —

Some translog equation parameters are similarly adjusted to give the proper cost shares of each

input. For any ¢ € {k,l,e,m}, if x = oil and gas extraction

h tant,OLD |, Uz,i,BASELINE Ug,i,2005
shareconstant _ BS areconstant,O + Z,? L . (B34)
Uz, 0,BASELINE  Uz,0,2005

i — FMai
For the same reason, the prices observed in the data set are pgom, not pxreym. For most
industries, the two are identical. But for oil and gas extraction where pgom # PKLEM, PKLEM
is imputed from pyey, as follows:

Ugi BASELINE Usz,i 2005

DPKLEM = Ddom H (pzi2005)ux,o,BASELINE Uz,0,2005 (B.35)

ick,l,e;m

Note however that since AQC' (defined in Appendix can only be calculated for a
single year and not the entire data set, the regression to parametrize the translog cost function
of oil and gas extraction includes resource acquisition expenditures as part of capital. This
implicitly assumes that in the data, resource acquisition costs are a constant fraction of capital
expenditures, either because Pk is constant or 6, = 0.

Dr

B.5 Supply Functions

B.5.1 Capital

Total capital supply in the model is determined by the actual total capital supply in 2005
(net of resource subtraction, see Appendix [B.4), the post-tax capital rental rate, and the price

elasticity of capital supply as follows:

9 S
1 — T )Pk /D capital
> Gk = ok BASELINE (( (1= 7e)pi/pe ) : (B.36)
x xX

1 — 71,2005 ) Pk,2005/ Pe,2005
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Capital is assumed to be perfectly mobile across industries such that for any two industries x
and y:

(1 - Txk)pzk = (1 - Tyk)pyk~ (B37)

B.5.2 Labor

Total labor supply in the model is determined by the actual total labor supply in 2005, the

post-tax wage rate, and the substitution elasticity of labor supply as follows:

1 — T c elabor
Z Gzl = Z qz,1,2005 (( ( Upi/p ) . (B.38)
T T

1 — 77,2005)P1,2005/ Pe,2005

Labor is mobile across sectors but differential wage rates across sectors are assumed to be

exogenously determined such that the relative wage rate across sectors stays fixed:
(1 = m)pe = a(1 — 71,2005)P1,2005 (B.39)
for some o € R.

B.5.3 Energy Resource

The total expenditures on the energy resource in 2005 is derived from the raw data as

— FRS 220%%03 R
_ t=
Ur,2005 = E AQC; 2005 " pFRS (B.40)
t=2003 t=2003 1

where AQCg is the expenditure by companies of type j on proved and unproved acreage in the
US in year ¢ in millions of 2009 dollars. R is total reserve additions of oil and gas in the US

in millions of barrels of oil equivalents RIRS

is total reserve additions by Financial Reporting
System (FRS) firms of oil and gas in the US in millions of barrels of oil equivalents. This
method implicitly assumes FRS and non-FRS firms have the same cost of reserve additions.

As suggested in U.S. Energy Information Administration (2011), three-year averages of the

variables are used. AQCpBgseline 18 then deflated from 2009 to 2005 dollars using the Urban

21 billion cubic feet feet of natural gas equals 0.178 million barrels of oil equivalents (U.S. Energy Information
Administration, [2011)).
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Consumer Price Index. From this, total resource supply in the model is equal to

1_ ” " c GTESO’LLTCE
(1= 7)pe/p ) | BaL)

qr = 4r,2005
. <(1 — T72005)Pr,2005/ Pe,2005

B.6 Demand Functions

Demand for the composite commodities comes from 5 sources: exports, government demand,

household consumption demand, and household investment demand or

dfinal = Yexport + Qgovernment + qconsumption + Ginvestment- (B42)

The market clearing condition of the equilibrium requires demand to equal supply:

4dfinal = Gcom- (B43)
This section describes the various sources of final demand for the composite good in more detail.

B.6.1 Household Consumption Demand

There is no explicit functional form for the consumer demand function: it is implicitly defined
by the series of nested translog expenditure functions. The price of household consumption
resulting from the translog expenditure functions is p. and the quantity of consumption is g..
B.6.2 Firm Intermediate Good Demand

There is no explicit functional form for the firm intermediate good demand function: it is
implicitly defined by the series of nested translog cost functions.
B.6.3 Government Demand

Government demand is equal to government consumption and investment spending and

equal in nominal value to its 2005 spending:

Pcom
Qgovernment = Qgovernment,2005 . (B44)
Pcom,2005
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B.6.4 Household Investment Demand

Household investment demand of composite commodity is equal to:

Zm Gz k Pcom
Zz qzx,k,2005 Pcom,2005

Sinw,2005 (B.45)

Jinvestment =

where ginvestment is vector of investment demand for the composite commodity and Siy. 2005 is

equal to a vector of spending for private investment in 2005 for each industry.

B.6.5 Export Demand

Export demand is isoelastic in the price of the composite commodity:

eezpa'rt
‘WW) . (B.46)

Gexport = export,2005 <
Pecom,2005

B.6.6 Household Income and Spending

Households own all factors of production and receive income from their use. Post-tax income

is calculated from the supply of capital, labor, and energy resources:

Ij = Z q:zkpzk(l - Tzk) + qgrlp:pl(l - Txl) + Qwrpxr(l - Ta:r) (B47)

T

where = indexes industry.

Household spending is given by:

S = chom,:n(QConsumption,x + Qinvestment,m) (B'48)

xT

and the budget condition requires spending to equal income:

S=1I (B.49)

B.7 Household Utility

A representative household maximizes utility by allocating income between consumption
and leisure. This occurs in a two step process detailed in Figure The household first

allocates income between leisure and composite consumption. Then the household allocates
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consumption spending among different consumption goods through the translog expenditure
function.

Figure B.2: Household Utility

Utility

T

Consumption Leisure

/\ Translog

E M
Notes: See Section for the tier structure of producing KLEM. Consumers do not use capital, labor, or

noncompeting imports but otherwise use the same structure as producers.

Expressed in terms of of the composite consumption good ¢, labor supply [, household utility

is

141/010p0n
U(Qc; qi, b) =d{4c — Loql +1/61as (B50)
where
—1/Braper rabor (1 — T1,2005)P1,2005
Lo=q : B.51
L2005 g Pe2005 ( )

The utility function is linear in consumption and the form of the labor term is chosen in order

to generate the isoelastic labor supply of Equation

B.7.1 Externalities

The change in carbon emissions from the budget proposal is equal to

where Agin is equal to the smallest percent decrease in output by a fossil fuel producing sector
and C' is the total US 2011 greenhouse gas emissions in metric tons of carbon dioxide equiv-
alents from Table ES-2 in http://www.epa.gov/climatechange/Downloads/ghgemissions/
US-GHG-Inventory-2011.pdfl

Greenhouse gas emissions are not the only externalities from the production or use of fossil
fuels. Other sources of externalities include water use, air and water pollution, and energy

security. These other externalities are not explicitly included in the model.


http://www.epa.gov/climatechange/Downloads/ghgemissions/US-GHG-Inventory-2011.pdf
http://www.epa.gov/climatechange/Downloads/ghgemissions/US-GHG-Inventory-2011.pdf
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B.8 Government Revenue

Total government tax revenue Ti.q; is equal to the sum of the revenue from all sources:

capital, labor, energy resources, and production as given by the following equations:

Tcapital = Z QrkPxkTeapital ,x (B53)
x

T’labor = Z 4zl Pzl Tiabor,x (B54)
x

Tresource = QrPrTresources (B55)

Tproduction,x (B56)

Tproduction = E Qdom,$pdom,$1
= + Tproduction,

Ttotal = Tcapital + Tlabor + Tresource + Tproduction' (B'57)
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Appendix C

Average Effective Tax Rates by

Industry and Year

Although the AETR on capital, value of output, and total income are higher in fossil fuel
production than other sectors, several readers have expressed concerns that these results may be
driven by a few outlier industries or years. For example, years in the sample where oil company
profits were extremely high might make the average tax rate over the entire period much higher
than the median yearly rate. Tables and investigate this possibility by breaking results
down by industry and year.

The most notable outliers in Table are the capital tax rates of management of companies
and enterprises and real estate rental and leasing. Real estate rental and leasing is especially
interesting because there is an extremely large capital stock in housing but this sector is typically
non-corporate and thus would be missed in my measure of capital taxation. However, the
removal of these two sectors does not change results. Removing real estate increases the capital
AETR of all industries to 10.6 percent. Removing management of companies and enterprises
reduces the capital AETR of all industries to 6.7 percent. In both cases, the capital AETR of
fossil fuel production of 12.8 percent remains higher than the all industry average.

Table indicates that results are not driven by any particular year. AETR are higher
for fossil fuel production than the all industry average on all measures and years with only one

exception: capital in 1998.
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Table C.1: Average Effective Tax Rates by Industry for 1998-2009 (Percent)

Industry Capital Value of  Factor

Output Income
Management of Companies and Enterprises 138.7 12.7 22.5
Petroleum and Coal Products Manufacturing 21.1 5.2 22.2
Finance and Insurance 20.2 6.6 14.2
Retail Trade 15.8 17.4 26.2
Manufacturing 14.8 2.9 9.9
Fossil Fuel Production 12.8 7.4 28.5
Mining 9.5 5.8 15.6
Wholesale Trade 9.2 17.5 26.0
Utilities 8.9 14.4 34.0
Information 8.4 6.0 14.4
All Industries 7.5 5.9 12.3
Educational Services 7.2 3.4 6.0
Pipeline Transportation 6.1 7.5 29.1
Transportation and Warehousing 5.4 3.6 8.2
Oil and Gas Extraction 4.5 12.1 38.2
Accommodation and Food Services 4.1 7.1 13.7
Construction 3.2 1.0 2.2
Administrative, Support, and Waste Management 3.1 1.8 3.0
Health Care and Social Assistance 3.0 1.7 3.1
Professional, Scientific, and Technical Services 1.7 2.1 3.3
Arts, Entertainment, and Recreation 1.6 7.8 13.8
Other Services, Except Government 0.8 3.4 5.8
Agriculture, Forestry, Fishing, and Hunting 0.7 -2.6 -8.5
Real Estate and Rental and Leasing 0.3 8.1 14.0

Table C.2: Average Effective Tax Rates by for Select Industries for 1998-2009 (Percent)
Year Fossil Fuel Production All Industries
Capital Value of Factor | Capital Value of Factor
Output Income Output Income
2009 5.8 6.3 26.7 5.4 5.8 11.7
2008 11.3 6.7 27.6 6.2 5.6 12.0
2007 15.1 7.9 31.0 9.0 6.2 13.2
2006 174 8.6 31.9 10.0 6.5 13.7
2005 174 8.9 29.6 9.3 6.3 13.2
2004 15.2 8.8 27.0 7.4 6.0 12.4
2003 9.8 7.1 23.4 6.5 5.8 11.8
2002 6.0 5.6 26.5 5.4 5.5 11.3
2001 10.7 7.0 25.0 5.9 5.3 11.0
2000 17.5 7.1 33.1 8.1 5.7 12.0
1999 10.2 6.0 32.5 8.2 5.9 12.3
1998 7.7 6.7 26.8 8.4 6.0 12.5
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Appendix D

Cost and Expenditure Function

Parameters for the Energy Model

This section lists the parameters estimated for the firm cost and consumer expenditure
functions in the energy model. These parameters are from the baseline regression specification

that uses iterated three-stage least squares with one period lagged prices as instruments.
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Table D.1: Cost and Expenditure Function Parameters for the Energy Model

Industry x
11
21
22
23
31
42
44
48
51
52
53
54
95
56
61
62
71
72
81
211
324
486

Consumer

Bshare constant
z,48

0.98465
0.98533
0.97148
0.8925
0.98154
-0.06449
-0.064609
0.24949
-0.014167
-0.019414
-0.046317
-0.097173
-0.01935
0.99485
-0.098139
-0.11713
0.99904
-0.082825
-0.078409
0.9905
0.99185
0.25339
0.84054168

l@share constant
,42

0.0006466
0.0062419
0.011245
0.057408
-0.00014664
1.0637
1.0637
0.51611
0.59397
1.022
1.0173
1.0547
1.0216
-0.0075879
1.0543
1.0683
-0.02599
1.061
1.0558
0.0034963
0.0032995
0.5133
-0.080264

6share trend
x,48

-0.0003392
-0.00026327
-0.00016707
-0.00034615
-0.00035065
0.00014387
0.00014383
0.00028272
0.00015868
0.00024859
0.00024212
0.00018556
0.0002495
-0.00021848
0.00018536
0.00020421
-0.00032729
0.0001711
0.00018209
-0.00030663
-0.0002723
0.00028104
-0.00034917

Bshare trend
x,42

0.00024872
0.00019132
0.00012486
0.00025872
0.00025857
-0.00025297
-0.00025288
-0.00019139
-4.511e-05
-0.00032279
-0.00030629
-0.00026577
-0.00032326
0.00016333
-0.00026511
-0.00027879
0.00024969
-0.00026407
-0.00027071
0.00022212
0.00019682
-0.00019018
0.00015225

Byt
0.0011457
0.010808
0.016922
0.086997
-0.00054835
-0.06867
-0.068812
0.18693
-0.014696
-0.019864
-0.048568
-0.1084
-0.019791
-0.0062376
-0.1095
-0.13265
-0.032015
-0.091098
-0.084634
0.0075307
0.0055958
0.18885
0.11876
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Table D.1: Cost and Expenditure Function Parameters for the Energy Model

Industry x
11
21
22
23
31
42
44
48
51
52
53
54
95
56
61
62
71
72
81
211
324
486

Consumer

B;%ésﬁtution
-0.0013103
-0.006949
-0.011763
-0.061292
6.038e-05
0.068509
0.068634
-0.13486
0.0070345
0.019761
0.045848
0.10089
0.019718
0.0072301
0.1016
0.11957
0.025227
0.085522
0.082099
-0.004607
-0.0034168
-0.13626
0.063152

l@;zﬁbgsﬁtution
0.00016457
-0.0038588
-0.0051593
-0.025706
0.00048797
0.00016176
0.00017829
-0.052069
0.0076618
0.00010272
0.0027195
0.0075101
7.301e-05
-0.00099247
0.0079015
0.013086
0.0067881
0.0055762
0.0025357
-0.0029237
-0.002179
-0.05259
-0.18191

5;ﬁb§7ai§ution
0.00056656
0.0042628
0.0069434
0.042357
-0.00026334
-0.068993
-0.06904
0.096958
-0.0096726
-0.023271
-0.046429
-0.092946
-0.023161
-0.011424
-0.09339
-0.10612
-0.027148
-0.082726
-0.080536
0.0021674
0.0022164
0.097977
-0.092752

Bas&bisﬁution
0.00074372
0.0026862
0.0048192
0.018935
0.00020296
0.00048385
0.0004062
0.037901
0.0026382
0.0035095
0.00058097
-0.0079392
0.0034433
0.004194
-0.0082111
-0.013451
0.0019205
-0.002796
-0.0015626
0.0024396
0.0012003
0.03828
0.0296

Bshare constant
44

0.014705
0.0084268
0.01727
0.05009
0.018607
0.00078083
0.00094982
0.2344
0.42019
-0.0025925
0.029016
0.042512
-0.0022648
0.012742
0.043826
0.048876
0.026946
0.021799
0.022603
0.0059991
0.0048548
0.23332
0.23972
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Table D.1: Cost and Expenditure Function Parameters for the Energy Model

Industry x
11
21
22
23
31
42
44
48
51
52
53
54
95
56
61
62
71
72
81
211
324
486

Consumer

B;%fﬁtution
-0.00090829
0.0011726
0.00034009
0.0067711
-0.00069093
-0.00064561
-0.00058449
0.014168
-0.0103
-0.0036122
-0.0033005
0.00042912
-0.0035163
-0.0032015
0.00030954
0.00036514
-0.0087086
-0.0027802
-0.00097308
0.00048412
0.00097866
0.01431
0.15231

l@share trend
x,44

9.048e-05
7.195e-05
4.221e-05
8.743e-05
9.207e-05
0.0001091
0.00010905
-9.132e-05
-0.00011357
7.42e-05
6.417e-05
8.022e-05
7.377e-05
5.516e-05
7.974e-05
7.458e-05
7.76e-05
9.297e-05
8.862¢-05
8.451e-05
7.548e-05
-9.086e-05
0.00019693

6share constant Bshare constant Bshare trend
x,54 x,81 x,54

-0.0039254
-0.031025
0.079809
-0.0086736
-0.022623
0.0099605
0.0091167
0.033304
0.092041
0.00071496
-0.0070082
0.038954
0.0015531
-0.0073346
0.040207
0.039375
0.029031
0.022023
0.043183
0.043266
1.0884
0.033267
-0.1094

0.017602
-0.016029
0.071525
0.063695
0.002035
0.048835
0.0482
0.0056218
0.037291
0.014541
0.034377
0.035845
0.014347
0.042446
0.037939
0.036519
0.038969
0.051212
0.034768
0.020415
-0.03665
0.0060243
1.117

3.976e-05
8.37e-05
9.833e-05
0.00023395
0.00020962
0.00012772
0.0001281
0.00013506
0.00013462
5.19e-05
7.607e-05
0.00012246
5.118e-05
0.00014806
0.00012261
0.00012306
0.00012798
0.0001299
0.00010518
7.417e-06
-0.00038838
0.00013515
0.00010636
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Table D.1: Cost and Expenditure Function Parameters for the Energy Model

Industry = B;hsafe trend

11
21
22
23
31
42
44
48
o1
02
53
o4
95
56
61
62
71
72
81
211
324
486

Consumer

1.492e-05
4.208e-05
2.06e-05
6.329¢-05
8.349e-05
3.494e-05
3.525e-05
6.437e-05
5.928e-05
2.209e-05
1.971e-05
4.498e-05
2.208e-05
4.26e-05
4.422e-05
4.495e-05
4.362e-05
3.684e-05
3.988e-05
7.845e-06
7.016e-05
6.42e-05
-0.00037558

ﬁ;%bfgtution
-0.0045726
-0.102
0.047135
-0.013311
-0.023676
-0.023191
-0.022952
0.031884
0.078571
-0.010395
-0.013624
-0.0051975
-0.012017
-0.0080128
-0.0060196
-0.0059383
-0.0063428
-0.0084761
-0.002379
-0.063691
-0.096706
0.032033
-0.12338

-0.0019813
-0.0086035
-0.0098445
-0.0047888
-0.00099797
-0.0071319
-0.0070545
-0.00020766
-0.0063706
-0.0040622
-0.0048097
-0.0031048
-0.0046761
-0.0042673
-0.0033572
-0.0034068
-0.003429
-0.0031339
-0.0024131
-0.0054632
0.039866
-0.00039
0.11731

Brdigen
0.0065539
0.1106
-0.03729
0.018099
0.024674
0.030323
0.030006
-0.031676
-0.072201
0.014457
0.018434
0.0083023
0.016694
0.01228
0.0093767
0.0093452
0.0097718
0.01161
0.0047921
0.069155
0.05684
-0.031643
0.0060624

By
-0.00021887
-0.02094
0.063265
0.0022554
-0.014755
-0.0029557
-0.0029287
0.0055887
0.029568
-0.0013879
-0.0013377
-7.945e-05
-0.0016203
0.00019376
-0.00017599
-0.0001914
-8.438e-05
-0.00020506
0.00022158
0.017203
-0.038001
0.0057066
-0.17067
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Table D.1: Cost and Expenditure Function Parameters for the Energy Model

Industry x
11
21
22
23
31
42
44
48
51
52
53
54
95
56
61
62
71
72
81
211
324
486

Consumer

B;?Sbis%tution
0.0022002
0.029544
-0.05342
0.0025334
0.015753
0.010088
0.0099832
-0.005381
-0.023197
0.0054501
0.0061473
0.0031843
0.0062964
0.0040736
0.0035332
0.0035982
0.0035134
0.003339
0.0021915
-0.01174
-0.0018655
-0.0053166
0.053353

l@share constant
z,52

0.98632
1.0471
0.84867
0.94498
1.0206
0.9412
0.94268
0.96107
0.87067
0.98474
0.97263
0.9252
0.9841
0.96489
0.92185
0.92411
0.932
0.92677
0.92205
0.93632
-0.051736
0.96071
-0.0076392

5;%b§7t5i§ution
-0.0087541
-0.14015
0.090711
-0.020633
-0.040427
-0.04041
-0.03999
0.037057
0.095398
-0.019908
-0.024581
-0.011487
-0.02299
-0.016354
-0.01291
-0.012943
-0.013285
-0.014949
-0.0069836
-0.057415
-0.054974
0.036959
-0.059415

Bshare trend
x,52

-5.468e-05
-0.00012578
-0.00011893
-0.00029724
-0.00029311
-0.00016267
-0.00016335
-0.00019943
-0.0001939
-7.399e-05
-9.578e-05
-0.00016744
-7.326e-05
-0.00019066
-0.00016683
-0.00016801
-0.0001716
-0.00016674
-0.00014506
-1.526e-05
0.00031821
-0.00019935
0.00026922

Bshare constant
z,11

0.22158
-0.0078169
0.0023984
-0.039079
0.96483
0.0077152
0.0061698
-2.037e-05
-0.0020161
-0.066298
-0.045896
-0.0066825
-0.062916
-0.0045602
-0.01955
-0.017597
-0.016625
-0.023466
-0.017474
-0.00094635
-0.0012445
-6.839e-05
0.15417
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Table D.1: Cost and Expenditure Function Parameters for the Energy Model

Industry = B;hf’fe trend

11
21
22
23
31
42
44
48
o1
02
53
o4
95
56
61
62
71
72
81
211
324
486

Consumer

0.0002159
5.727e-06
2.111e-06
3.832e-05
-0.00042343
2.544e-05
2.638e-05
1.575e-06
4.914e-06
0.00010142
5.446e-05
1.495e-05
0.00010067
1.162e-05
2.061e-05
1.962e-05
1.934e-05
2.725e-05
2.157e-05
1.369¢-06
1.702e-06
1.561e-06
-5.555e-05

ﬁ;zﬁbﬁtﬁution
0.17245
-0.007878
0.0023916
-0.040903
0.001335
0.007378
0.0053543
-2.385e-05
-0.0021326
-0.091648
-0.058262
-0.006827
-0.091261
-0.0045929
-0.020051
-0.018256
-0.020425
-0.024113
-0.026585
-0.00094725
-0.0012461
-0.00010294
0.057424

@fﬁbfg{utwn
-0.17115
0.0075173
-0.00034291
0.039587
-0.0053263
-0.007515
-0.006584
1.568e-05
0.0010893
0.048453
0.030658
-0.00067143
0.047818
0.0043137
0.017364
0.015152
0.012157
0.021661
0.016419
0.00017365
0.00034375
3.558e-05
-0.057424

Bshare constant Bsubstitution
z,31 r,31,31

0.77096
0.96167
0.13057
1.0256
0.0049677
0.95903
0.96914
0.87211
0.85753
0.95786
0.94318
0.13429
0.96466
0.98668
0.91799
0.93094
0.9669
0.95304
0.96578
0.19552
0.27621
0.89203
0.84583

0.16951
0.036012
0.11258
-0.037192
0.0049166
0.018302
0.020347
0.1109
0.10163
0.026525
0.037963
0.0322
0.027289
0.006094
0.01484
0.022518
0.012056
-0.010704
0.008902
0.027897
0.19049
0.096246
0.057424
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Table D.1: Cost and Expenditure Function Parameters for the Energy Model

Industry x
11
21
22
23
31
42
44
48
51
52
53
54
95
56
61
62
71
72
81
211
324
486

Consumer

Bshare trend
z,31

-0.00021365
-0.00021767
6.955e-05
-4.536e-05
0.00042593
-2.697e-05
-3.248e-05
-0.00011944
-1.164e-05
-0.00013589
-5.079e-05
0.00041128
-0.00014154
-4.515e-05
1.767e-05
9.487¢-06
-1.133e-05
-4.734e-06
-1.018e-05
0.00019873
-4.208e-06
-0.00012874
5.555e-05

l@share constant
z,21

-0.0016344
0.012951
0.86203
0.00044483
-0.0011156
-0.0010086
-0.00074116
-0.00088112
-0.0021738
-0.011153
-0.0043855
0.0031799
-0.011375
-0.0011448
0.00010224
0.00026157
-0.0015833
-0.0016741
-0.0015903
0.51369
0.70585
-0.00078947
0

share constant
T,n

0.0090906
0.033191
0.0050016
0.013017
0.031318
0.034261
0.025436
0.1288
0.14666
0.11959
0.10711
0.86921
0.10963
0.019022
0.10146
0.086397
0.05131
0.072096
0.053287
0.29173
0.01918
0.10883
0

CHTE
0.00032188
0.00010118
-0.0020801
1.648e-05
-0.00055802
-0.00012534
-6.308e-05
-1.434e-05
-7.4e-05
-0.0007491
-0.00044935
1.041e-05
-0.00078023
-1.497e-05
-2.288e-06
-3.02e-05
-3.933e-05
-6.768e-05
-0.00013042
0.00048558
0.00087844
-5.399e-08

0

Bt
0.00050704
-0.014047
-0.11307
-0.00061089
-0.0001945
0.00044156
0.00047654
0.00074794
0.0014257
0.010549
0.003828
-0.00061205
0.010937
0.00079196
-0.00025488
-0.00046015
0.0011605
0.0012475
0.0012956
-0.1093
-0.19501
0.00065825
0




98

Table D.1: Cost and Expenditure Function Parameters for the Energy Model

Industry x
11
21
22
23
31
42
44
48
51
52
53
54
95
56
61
62
71
72
81
211
324
486

Consumer

Bas:?ébis’gi{ution
-0.0018194
0.0064341
0.1155
4.233e-05
-0.0047541
-0.001182
-0.00075535
-0.00094115
-0.0022512
-0.01135
-0.004411
0.0030375
-0.011506
-0.0015346
7.333e-05
0.00011633
-0.0016093
-0.0017942
-0.0016
0.24729
0.20763
-0.00084925
0

ﬁ;féblsztution
0.0009905
0.0075113
-0.00035569
0.00055208
0.0055066
0.00086573
0.00034189
0.00020756
0.00089952
0.0015505
0.0010324
-0.0024359
0.0013491
0.0007576
0.00018384
0.00037402
0.00048813
0.00061436
0.00043484
-0.13848
-0.013494
0.00019105
0

Bifﬁbitétution
-0.0016263
0.00025952
3.142e-05
0.0012989
0.0045493
0.00026231
0.0012927
2.252e-05
0.0011174
0.043944
0.028053
0.007488
0.044223
0.00029413
0.0026895
0.0031349
0.008307
0.0025194
0.010296
0.00028803
2.387e-05
6.742e-05

0

Basjngbf’%tution
0.0011335
-0.029482
0.0008262
-0.001785
0.00060422
-0.011229
-0.014239
-0.11166
-0.10415
-0.085527
-0.072449
-0.030916
-0.086043
-0.0112
-0.031949
-0.037209
-0.025374
-0.012205
-0.026617
0.081232
0.0041783
-0.09694

0

substitution
T,n,n

-0.00049773
0.021712
-0.00050193
-6.602e-05
-0.01066
0.010101
0.012605
0.11143
0.10213
0.040032
0.043363
0.025864
0.040471
0.010148
0.029076
0.033701
0.016579
0.0090709
0.015886
0.056955
0.0092921
0.096682
0
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Table D.1: Cost and Expenditure Function Parameters for the Energy Model

Industry = B;@a{e trend

11
21
22
23
31
42
44
48
o1
02
53
o4
95
56
61
62
71
72
81
211
324
486

Consumer

2.051e-06
0.00021064
-7.025e-05
1.328e-05
9.93e-06
6.283e-07
5.143e-07
1.298e-06
1.316e-06
1.042e-05
4.009e-06
-4.039e-07
1.058e-05
1.224e-06
2.673e-07
2.155e-07
8.576e-07
8.389e-07
1.037e-06
-0.00010679
1.223e-06
1.271e-06
0

share trend
z,n

-4.304e-06
1.299¢-06
-1.407e-06
-6.241e-06
-1.243e-05
8.95e-07
5.582¢-06
0.00011656
5.413e-06
2.405e-05
-7.673e-06
-0.00042582
3.028e-05
3.231e-05
-3.854e-05
-2.932e-05
-8.866e-06
-2.336e-05
-1.243e-05
-9.331e-05
1.283e-06
0.00012591
0

6share constant Bshare constant
z,61 z,62

0.95831
0.0098597
0.0082316
0.95606
0.0061013
0.0035377
0.0025712
0.0086339
0.0017612
0.0047866
0.0012024
0.0030739
0.0047984
0.00419
0.0030821
0.0030909
0.0031365
0.0033955
0.0048959
0.0040542
0.00018371
0.0083411
0.073593

-0.062833
0.055976
0.70553
-0.063614
0.81692
0.28463
0.29244
0.78105
0.87541
0.89531
0.87501
0.32602
0.89581
0.22848
0.32709
0.32469
0.31726
0.30566
0.26143
0.79624
1.0473
0.79878
-0.38565

Bshare constant
x,71

0.019195
0.11863
0.021329
-0.0019015
-0.013936
0.019372
0.01239
-0.050288
0.0056762
0.010058
0.0085755
0.014578
0.010181
0.0069495
0.014628
0.01404
0.01222
0.022371
0.024654
-0.022837
0.0031448
-0.059907
0.24501
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Table D.1: Cost and Expenditure Function Parameters for the Energy Model

Industry = B;hé’fe trend

11
21
22
23
31
42
44
48
o1
02
53
o4
95
56
61
62
71
72
81
211
324
486

Consumer

-0.00047686
1.951e-06
2.896¢-06
-0.00047491
3.857e-06
5.607e-06
6.099¢-06
2.453e-06
6.542¢-06
5.014e-06
6.831e-06
5.888e-06
5.008e-06
5.236e-06
5.884¢e-06
5.877e-06
5.844e-06
5.715e-06
4.955e-06
5.124e-06
6.391e-06
2.598e-06
2.762e-06

l@share trend
,62

0.00038201
0.00034635
2.661e-05
0.00040796
-4.15e-05
0.00024333
0.00023938
-1.264e-05
-5.273e-05
-6.172e-05
-5.196e-05
0.0002245
-6.196e-05
0.0002726
0.00022397
0.00022514
0.00022876
0.00023437
0.00025712
-2.121e-05
-0.00016892
-2.164e-05
0.00051643

6share trend
x,71

3.726e-05
-1.198e-05
3.806¢e-05
4.539e-05
5.234e-05
3.511e-05
3.863e-05
7.841e-05
4.216e-05
4.044e-05
4.109e-05
3.764e-05
4.038e-05
4.254e-05
3.761e-05
3.795e-05
3.899e-05
3.369e-05
3.259¢-05
5.821e-05
4.809e-05
8.333e-05
-9.28e-05

Basj?ﬁbls’%i%ution
0.039004
0.0080024
0.008142
0.024578
0.0059518
0.0028593
0.0019306
0.0084741
0.0017052
0.0045089
0.0011468
0.0022691
0.0045189
0.0039083
0.0022695
0.002302
0.0024108
0.0026688
0.0044105
0.0040167
-0.00022594
0.008181
0.064982

Bi%bﬁtgtution
0.060162
-0.00078535
-0.0067854
0.060775
-0.0064234
-0.0025818
-0.0022833
-0.0076994
-0.0028432
-0.0065927
-0.0021806
-0.0027685
-0.0066081
-0.0047598
-0.0027769
-0.0027697
-0.0027519
-0.0027936
-0.0056148
-0.0040575
-0.0014235
-0.0076313
0.028115
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Table D.1: Cost and Expenditure Function Parameters for the Energy Model

Industry x
11
21
22
23
31
42
44
48
51
52
53
54
95
56
61
62
71
72
81
211
324
486

Consumer

Basj%bis’t?i{ution
-0.019634
-0.0072831
-0.00048555
-0.00053833
-0.00031991
-0.0017895
-0.0008888
-0.00045079
-0.0001231
-0.00036436
-0.00017507
-0.0010091
-0.00036445
-0.00018759
-0.0010046
-0.0010224
-0.0010744
-0.0014389
-0.00085113
-1.391e-05
-0.00094308
-0.00038419
-0.01805

ﬁ;%bls}e?itution
-0.079533
6.603e-05
-0.00087111
-0.084814
0.00079147
0.0015119
0.0012415
-0.00032395
0.0012611
0.0024481
0.0012088
0.0015085
0.0024536
0.0010391
0.001512
0.0014902
0.0014156
0.0015636
0.0020554
5.469e-05
0.0025925
-0.00016551
-0.075048

6;%b§7t6i§ution
-0.066986
0.045938
0.13917
-0.067794
0.10979
-0.0031
-0.00229
0.094041
0.052121
0.057248
0.045729
-0.0048901
0.057374
-0.0051166
-0.0048986
-0.0048508
-0.004596
-0.0050816
-0.0040099
0.082165
-0.069152
0.086269
-0.55129

Bas:?ﬁbis’t?i%ution
0.00093405
-0.016942
-0.043073
-0.00044851
0.00034634
-0.013769
-0.014531
0.0098382
-0.011402
-0.015209
-0.013974
-0.016165
-0.01525
-0.0097901
-0.016155
-0.016042
-0.015657
-0.014587
-0.018026
0.005932
-0.012057
0.019313
0.090745

B;%bzt?itution
0.0058892
-0.028211
-0.08931
0.0074672
-0.10371
0.019451
0.019104
-0.09618
-0.037876
-0.035447
-0.029574
0.023824
-0.035516
0.019667
0.023831
0.023662
0.023005
0.022462
0.027651
-0.084039
0.082632
-0.097951
0.43243
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Table D.1: Cost and Expenditure Function Parameters for the Energy Model

Industry x
11
21
22
23
31
42
44
48
51
52
53
54
95
56
61
62
71
72
81
211
324
486

Consumer

e
0.016769
0.014774
-0.016719
-0.0046596
-0.019839
0.011032
0.0098576
-0.085711
0.0026021
0.0075609
0.0053795
0.011122
0.0075968
-0.0072123
0.011121
0.010631
0.0089953
0.011108
0.013866
-0.031514
-0.030572
-0.095396
0.081815

ﬁ;%bls,t?itution
0.001931
0.0094511
0.060277
0.0056464
0.019813
0.0045268
0.005562
0.076323
0.0089229
0.008012
0.0087698
0.0060525
0.0080179
0.01719
0.0060386
0.0064332
0.0077363
0.0049178
0.0050112
0.025595
0.043571
0.076467
-0.15451

6share constant
x,72

0.08533
0.81553
0.2649
0.10946
0.19091
0.69246
0.6926
0.2606
0.11715
0.089843
0.11521
0.65633
0.089211
0.76038
0.6552
0.65818
0.66738
0.66858
0.70902
0.22254
-0.050632
0.25279
1.0671

By ton
0.071712
0.018694
0.029904
0.071701
0.083105
-0.02549
-0.025907
0.02018
0.027692
0.024987
0.019596
-0.031385
0.025044
-0.037896
-0.031381
-0.031585
-0.032157
-0.028944
-0.034717
0.058389
-0.1288
0.02165
-0.20287

Bshare trend
x,72

5.759e-05
-0.00033632
-6.756e-05
2.156e-05
-1.469e-05
-0.00028405
-0.00028411
-6.823e-05
4.036e-06
1.626e-05
4.034e-06
-0.00026803
1.657e-05
-0.00032037
-0.00026746
-0.00026897
-0.0002736
-0.00027378
-0.00029467
-4.213e-05
0.00011444
-6.429e-05
-0.00042639
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Table D.1: Cost and Expenditure Function Parameters for the Energy Model

Industry x
11
21
22
23
31
42
44
48
51
52
53
54
95
56
61
62
71
72
81
211
324
486

Consumer

Bshare constant
z,53

0.51923
-0.022304
0.57714
0.077129
-0.019212
-0.13164
0.18463
-0.027139
0.29383
-0.39444
-0.30558
0.22787
-0.39542
0.2219
0.22661
-0.17259
0.23687
0.22896
-0.19876
-0.21091
0.0016146
-0.031261
0.32184

l@share trend
z,53

-0.0002272
5.677e-05
-0.00027427
-2.268e-05
2.566e-05
0.00015291
-2.441e-05
3.401e-05
-8.509e-05
0.00041079
0.00032106
-2.868e-05
0.0004118
-6.198e-05
-2.817e-05
0.000194
-4.153e-05
-3.379e-05
0.00021969
0.00026979
1.249e-05
3.628e-05
5.44e-05

B;%b§7%i§ution
0.029853
-0.022831
0.082583
0.071173
-0.019997
-0.14897
0.1501
-0.02788
0.20724
-0.55005
-0.39897
0.17545
-0.55178
0.17266
0.17472
-0.20238
0.18052
0.17632
-0.23827
-0.25539
0.0015516
-0.032402
0.16087

substitution
x,53,mot

-0.050921
-0.003459
-0.13512
-0.070217
0.0009517
-0.0013132
-0.17298
-0.0016173
-0.2447
-0.041448
-0.024329
-0.2166
-0.041759
-0.20314
-0.21531
0.00017864
-0.22112
-0.21363
-0.0044889
-0.024552
0.00035821
-0.0020533
-0.16087

share constant

x,mot

0.52419
-0.16423
0.57818
0.91049
-0.020369
-0.010067
0.93946
-0.060557
0.8429
-0.10534
-0.08005
0.95814
-0.10561
0.91548
0.95486
0.00075086
0.93511
0.93815
-0.022793
-0.11643
-0.16366
-0.071058
0.67816
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Table D.1: Cost and Expenditure Function Parameters for the Energy Model

Industry x
11
21
22
23
31
42
44
48
51
52
53
54
95
56
61
62
71
72
81
211
324
486

Consumer

substitution
x,mot,mot

0.026548
-0.19262
-0.026997
0.06851
-0.030579
-0.018036
0.021894
-0.09763
0.040529
-0.11682
-0.093107
0.029977
-0.11687
0.069637
0.029754
-0.0036623
0.049204
0.046931
-0.030889
-0.13496
-0.21149
-0.089541
0.16087

share trend
x,mot

0.00017456
0.00051673
9.589¢-06
2.214e-05
0.00048034
0.00036473
-0.00010297
0.00049386
-7.853e-05
0.00021897
0.00026789
-0.00016562
0.00021843
-7.19e-05
-0.00016396
0.00030721
-0.000138
-0.00014244
0.00030077
0.00034435
0.00054757
0.00049943
-5.44e-05

6share constant
x,23

-0.043418
1.1865
-0.15533
0.012379
1.0396
1.1417
-0.12409
1.0877
-0.13673
1.4998
1.3856
-0.186
1.501
-0.13738
-0.18147
1.1718
-0.17198
-0.1671
1.2216
1.3273
1.162
1.1023

0

B;?Qb?i%ution
-0.045442
-0.22237
-0.21465
-0.00075012
-0.048673
-0.16963
-0.17396
-0.12874
-0.24163
-0.74976
-0.54074
-0.22778
-0.75217
-0.16399
-0.22614
-0.20569
-0.21251
-0.20401
-0.27814
-0.43945
-0.20922
-0.12605
0

6;?2b?)s7t5itution
0.021068
0.02629
0.052533
-0.00095635
0.019046
0.15028
0.022882
0.029498
0.037458
0.5915
0.4233
0.041155
0.59354
0.030484
0.040587
0.2022
0.040598
0.037314
0.24276
0.27994
-0.0019098
0.034456

0
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Table D.1: Cost and Expenditure Function Parameters for the Energy Model

Industry z S

11
21
22
23
31
42
44
48
o1
02
53
o4
95
56
61
62
71
72
81
211
324
486

Consumer

x,23,mot

0.024373
0.19608
0.16211
0.0017065
0.029627
0.01935
0.15108
0.099247
0.20417
0.15826
0.11744
0.18663
0.15863
0.13351
0.18556
0.0034836
0.17191
0.1667
0.035378
0.15951
0.21113
0.091594
0

substitution

l@share trend
,23

5.264e-05
-0.00057349
0.00026468
5.43e-07
-0.000506
-0.00051765
0.00012737
-0.00052787
0.00016362
-0.00062976
-0.00058895
0.00019429
-0.00063023
0.00013388
0.00019213
-0.0005012
0.00017953
0.00017623
-0.00052046
-0.00061413
-0.00056006
-0.00053572
0

share constant

T,mss

1.0161
0.0027037
0.19782
0.072151
0.15998
0.071578
0.053842
0.11255
-0.042058
-0.04055
-0.017011
-0.0086758
-0.041903
0.080829
0.016634
-0.0063166
0.017757
0.042683
0.077911
0.020306
-0.008862
0.11247
1.0743

Bshare constant
x,51

0.0075348
0.80129
0.74802
0.95113
0.92425
0.90222
0.90296
0.92968
1.075
0.96852
0.95491
0.94435
0.95604
0.93764
0.95489
0.96329
0.95143
0.91971
0.85769
0.95945
0.032179
0.98161
-0.0056073

share trend
r,mss

-8.263e-05
0.0004151
0.00025636
0.00029751
0.00023831
0.00032217
0.00033108
0.00023311
0.00020595
0.0004428
0.0004128
0.00035805
0.00044373
0.00030084
0.00034481
0.00035604
0.00034327
0.00033297
0.00032536
0.0004544
0.00036009
0.00023269
-0.00015337
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Table D.1: Cost and Expenditure Function Parameters for the Energy Model

Industry x
11
21
22
23
31
42
44
48
51
52
53
54
95
56
61
62
71
72
81
211
324
486

Consumer

Bshare trend
z,51

3.104e-05
-0.00036624
-0.00030571
-0.00039088
-0.00036574
-0.00035746
-0.00035779
-0.0003653
-0.00025459
-0.00043685
-0.00041722
-0.00037471
-0.0004308
-0.00036834
-0.00038007
-0.0003837
-0.00037821
-0.00036359
-0.00033863
-0.00046727
3.386e-05
-0.00039141
0.00010588

substitution
T,Mmss,mss

-0.0303
-0.050782
0.14744
0.066847
0.13434
0.066379
0.050176
0.099123
-0.044852
-0.042196
-0.028356
-0.0098604
-0.043659
0.074294
0.016281
-0.0075267
0.016053
0.038499
0.032923
0.019728
-0.1758
0.099821
-0.086574

substitution
x,mss,51

-0.015135
-0.078368
-0.15455
-0.069419
-0.14812
-0.065547
-0.05269
-0.11084
0.043545
0.039126
0.010176
0.0019474
0.039963
-0.075917
-0.01725
-0.00020276
-0.022623
-0.044455
-0.077478
-0.02151
-0.042903
-0.11045
0.0046394

substitution
x,mss,56

0.048085
0.13075
0.0078246
0.0025365
0.014237
-0.00074873
0.0025089
0.011212
0.0022138
0.0032447
0.019344
0.0081281
0.0039362
0.0015231
0.0010237
0.0081134
0.0070824
0.0066103
0.046536
0.0019032
0.20996
0.010109
0.081935

Byjuer
-0.00058388
0.027259
0.012032
0.025472
0.062779
0.054802
0.043604
-0.01073
-0.083509
-0.023693
0.0014802
-0.021028
-0.022146
0.049138
0.0050926
-0.024538
-4.308e-05
0.040385
0.076955
0.0021193
0.019966
-0.013216
-0.0065387
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Table D.1: Cost and Expenditure Function Parameters for the Energy Model

Industry = B;%bf%“tio”

11
21
22
23
31
42
44
48
o1
02
53
o4
95
56
61
62
71
72
81
211
324
486

Consumer

0.016047
0.054423
0.14362
0.043357
0.088251
0.01248
0.010543
0.1192
0.043104
-0.017951
-0.01374
0.021123
-0.020613
0.026866
0.013614
0.027263
0.024864
0.0046061
0.0025807
0.021938
0.054709
0.12122
0.0018993

l@share constant
z,56

-0.025704
0.19758
0.054393
-0.020649
-0.086459
0.026865
0.044206
-0.037636
-0.034213
0.076176
0.067074
0.064112
0.091519
-0.01723
0.028411
0.043144
0.030952
0.041048
0.064158
0.021417
-0.0097026
-0.089025
-0.06874

B;%béi%iéution
-0.065704
-0.19271
-0.15359
-0.048806
-0.10525
-0.015235
-0.015732
-0.13304
-0.050425
0.012831
-0.010271
-0.03163
0.013435
-0.030872
-0.01629
-0.038539
-0.035315
-0.016436
-0.053669
-0.029202
-0.28902
-0.13476
-0.083834

Bshare trend
x,56

4.214e-05
-5.9e-05
4.312e-05
8.867e-05
0.00012466
2.871e-05
1.998e-05
0.00012519
4.659e-05
-1.799e-05
-7.06e-06
1.089e-05
-2.58e-05
6.123e-05
2.947e-05
2.173e-05
2.9e-05
2.283e-05
6.886e-06
4.013e-07
9.695e-05
0.00015147
4.749e-05

Bshare constant
x,55

0.0020379
-0.0015699
-0.0002334
-0.002628
0.0022288
-0.00066714
-0.0010077
-0.0045955
0.0012218
-0.0041489
-0.0049689
0.00021378
-0.0056585
-0.0012387
6.848e-05
-0.00011593
-0.00014144
-0.0034424
0.00024089
-0.0011767
0.98639
-0.0050597
0
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Table D.1: Cost and Expenditure Function Parameters for the Energy Model

Industry x
11
21
22
23
31
42
44
48
51
52
53
54
95
56
61
62
71
72
81
211
324
486

Consumer

substitution
r,mss,55

-0.0026507
-0.0015996
-0.00071427
3.535e-05
-0.00045925
-8.242e-05
5.838e-06
0.00050719
-0.00090664
-0.00017432
-0.001163
-0.00021514
-0.00024097
9.95e-05
-5.385e-05
-0.00038391
-0.00051206
-0.00065368
-0.0019812
-0.00012127
0.0087414
0.00052202
0

/Bi%blsgtution
-0.00032791
-0.0033138
-0.001095
0.00058964
-0.0029087
-0.0017342
-0.0014569
0.00237
-0.0031389
0.0025177
0.0020845
-0.0020429
0.002796
-8.709e-05
-0.001456
-0.002522
-0.0021982
-0.00053604
-0.0020576
-0.0025472
-0.031772
0.0024445
0

5;%£i?gu”on
0.0014067
-0.0026284
-0.00034342
-0.0035381
0.00060765
-0.0016871
-0.0012288
-0.0055041
-0.0010624
-0.0042188
-0.005589
-0.00012048
-0.0057972
-0.0024958
-0.00014215
-0.0002567
-0.0006581
-0.0040295
-0.00051378
-0.0026927
-0.0013219
-0.0063971
0

Bas:?sb;%éution
0.0015719
0.0075418
0.0021527
0.0029131
0.0027603
0.0035037
0.0026799
0.0026269
0.0051079
0.0018754
0.0046675
0.0023785
0.0032421
0.0024834
0.001652
0.0031626
0.0033684
0.0052192
0.0045525
0.0053612
0.024352
0.0034306
0

Bshare trend
x,55

9.452e-06
1.014e-05
6.235¢-06
4.697¢-06
2.775e-06
6.582e-06
6.725e-06
6.995e-06
2.043e-06
1.204e-05
1.149e-05
5.768e-06
1.288e-05
6.264e-06
5.79e-06
5.922¢-06
5.939¢e-06
7.781e-06
6.387¢e-06
1.247e-05
-0.00049089
7.257e-06
0
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Table D.1: Cost and Expenditure Function Parameters for the Energy Model

Industry z S

11
21
22
23
31
42
44
48
o1
02
53
o4
95
56
61
62
71
72
81
211
324
486

Consumer

T, mm

0.77427
0.17688
0.61141
0.76637
0.4342
0.057623
0.056409
-0.0045794
1.1222
0.025056
0.57319
0.11607
0.10799
0.107
0.11858
0.11671
0.73411
0.64072
0.75141
-0.011785
0.036211
-0.0047148
0.73709

share constant

share constant

z,mp
0.024819
0.066603
0.057116
0.071424
0.043375
0.064129
0.062559
0.9376
0.10772
0.74121
0.091124
1.0179
0.19734
1.0296
1.018
1.0159
0.078412
0.072125
0.075778
0.11044
0.081683
0.9397
0.17229

share constant

T,ms

0.093248
0.31481
0.10939
0.11363
0.099858
0.28381
0.29148
-0.0067208
-0.0036803
-0.10281
0.19127
-0.16856
-0.13776
-0.28984
-0.1641
-0.16765
0.15033
0.15199
0.15191
0.20604
0.2929
-0.0058667
-0.15926

share trend
r,mm

-1.334e-05
0.00023318
-2.795e-05
-7.366e-05
0.00016521
0.00012281
0.00012348
0.00010542
-0.00042726
2.417e-05
-0.0002201
6.434e-05
-1.77e-05
6.761e-05
6.309¢e-05
6.375e-05
-0.00024531
-0.0001916
-0.00025921
0.00021837
0.00021511
0.00010547
-0.00026839

share trend
x7mp

-4.226e-06
-1.462e-05
-7.455e-07
1.567e-06
-3.924e-06
4.817e-05
4.887¢e-05
-0.00042272
8.065e-06
-0.00031723
2.48e-05
-0.00042737
-4.073e-05
-0.0004503
-0.00042682
-0.00042626
5.172e-05
5.38e-05
5.083e-05
-3.725e-05
-1.703e-05
-0.00042396
1.379e-05
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Table D.1: Cost and Expenditure Function Parameters for the Energy Model

Industry z S

11
21
22
23
31
42
44
48
o1
02
53
o4
95
56
61
62
71
72
81
211
324
486

Consumer

share trend
r,ms

2.93e-06
-8.787e-05
1.152e-05
-7.777e-06
-2.216e-05
3.371e-05
2.977e-05
0.00012391
0.00024299
0.00037747
0.00017115
0.00029702
0.00039408
0.00034195
0.00029438
0.00029541
0.0001211
0.00011834
0.00013361
9.367e-05
-9.405e-05
0.0001231
0.00021089

substitution
T, mm,mm

0.16744
0.12634
0.22511
-0.063882
0.15591
0.052421
0.053194
-0.0070792
-0.16591
0.0066601
-0.027664
-0.019083
0.0013561
-0.040338
-0.023757
-0.026475
-0.019567
-0.0064181
0.0047459
-0.012469
0.026615
-0.0058778
0.02568

substitution
T, mm,mp

-0.01935
-0.027706
-0.036027
-0.055583
-0.050633
-0.0037396
-0.0035289
0.004282
-0.12455
-0.019599
-0.062695
-0.11877
-0.021433
-0.1106
-0.12211
-0.12069
-0.066281
-0.058728
-0.063981
0.0012094
-0.0089314
0.0043626
-0.14186

substitution
T, mm,ms

-0.073406
-0.055684
-0.066886
-0.087188
-0.043579
-0.01917
-0.016777
-0.00069355
0.0016022
-0.047725
-0.10964
-0.016686
-0.066562
-0.01522
-0.016536
-0.017877
-0.11182
-0.10308
-0.11425
0.0024282
-0.011
-0.00053225
0.086498

substitution
T, mm,mo

-0.074688
-0.042949
-0.1222
0.20665
-0.061695
-0.029511
-0.032888
0.0034907
0.28886
0.060664
0.19999
0.15454
0.086639
0.16616
0.16241
0.16505
0.19767
0.16822
0.17348
0.0088312
-0.0066834
0.0020474
0.029678
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Table D.1: Cost and Expenditure Function Parameters for the Energy Model

Industry z S

11
21
22
23
31
42
44
48
o1
02
53
o4
95
56
61
62
71
72
81
211
324
486

Consumer

x7mp7mp

0.023259
0.048996
0.053731
0.065803
0.028674
0.059699
0.058645
0.055453
0.095295
0.19175
0.082354
-0.022014
0.1584
-0.031184
-0.024468
-0.023476
0.071909
0.065804
0.06975
0.096993
0.070613
0.056029
0.12872

substitution

substitution
T, mp,ms

-0.0025554
-0.020968
-0.0062482
-0.0081163
-0.0053031
-0.019259
-0.018302
0.0055544
5.781e-05
0.073279
-0.018182
0.1697
0.027053
0.29829
0.16643
0.16965
-0.011865
-0.011814
-0.011803
-0.022768
-0.024299
0.0054436
0.0076836

substitution
z,mp,mo

-0.0013534
-0.00032238
-0.011455
-0.0021037
0.027262
-0.0367
-0.036814
-0.06529
0.029196
-0.24543
-0.001477
-0.02892
-0.16401
-0.1565
-0.019847
-0.025477
0.006237
0.0047384
0.006034
-0.075435
-0.037383
-0.065836
0.0054525

substitution
T,ms,ms

0.084292
0.21571
0.097185
0.099554
0.085006
0.19391
0.19371
-0.0071243
-0.19574
-0.26051
0.13981
-0.20855
-0.23024
-0.38958
-0.20132
-0.20657
0.11805
0.12104
0.11652
0.1628
0.20605
-0.0061301
-0.24259

substitution
,ms,mo

-0.0083304
-0.13905
-0.024051
-0.0042499
-0.036124
-0.15548
-0.15863
0.0022634
0.19408
0.23495
-0.011996
0.05553
0.26975
0.10652
0.051432
0.054801
0.0056359
-0.0061473
0.0095343
-0.14246
-0.17075
0.0012188
0.14841
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Table D.1: Cost and Expenditure Function Parameters for the Energy Model

Industry z S

11
21
22
23
31
42
44
48
o1
02
53
o4
95
56
61
62
71
72
81
211
324
486

Consumer

,mo

0.10767
0.4417
0.22207
0.048581
0.42257
0.59444
0.58956
0.073704
-0.22621
0.33654
0.14441
0.03457
0.83243
0.15321
0.027511
0.034999
0.037146
0.13516
0.020898
0.6953
0.58921
0.070885
0.24989

share constant

substitution
,mo,mo

0.084371
0.18233
0.1577
-0.2003
0.070557
0.22169
0.22834
0.059535
-0.51213
-0.050189
-0.18652
-0.18115
-0.19237
-0.11618
-0.19399
-0.19437
-0.20954
-0.16681
-0.18905
0.20907
0.21482
0.06257
-0.18354

share trend
z,mo

1.464e-05
-0.00013068
1.718e-05
7.987e-05
-0.00013912
-0.00020469
-0.00020211
0.00019338
0.0001762
-8.442e-05
2.414e-05
6.601e-05
-0.00033564
4.073e-05
6.935e-05
6.71e-05
7.249e-05
1.946e-05
7.476e-05
-0.00027478
-0.00010402
0.00019539
4.371e-05

Bshare constant Bshare constant
,22 ,324

0.48331
-0.053692
-0.0035159
0.12274
0.18655
0.30983
0.32068
0.092689
0.28085
0.10269
0.23212
0.17361
0.10136
0.2
0.22322
0.248
0.27463
0.2248
0.24075
1.065
0.04149
0.092516
0.55046

0.47477
-0.30917
0.055926
0.79758
0.731
0.67363
0.66339
0.87722
0.69504
0.76848
0.7135
0.87147
0.76749
0.77942
0.75388
0.73462
0.70726
0.75694
0.74264
0.33386
0.92108
0.87707

0.43755
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Table D.1: Cost and Expenditure Function Parameters for the Energy Model

Industry = B;@a{e trend

11
21
22
23
31
42
44
48
o1
02
53
o4
95
56
61
62
71
72
81
211
324
486

Consumer

-7.869¢-05
0.0002066
0.00022783
-2.454e-06
0.0002553
0.00017321
0.00016698
1.159e-05
0.00019406
0.00036054
0.00021671
0.00023554
0.00036185
7.759e-05
0.00021363
0.0001893
0.00014582
0.00021594
0.00020912
-0.000445
4.326e-05
1.142e-05
2.046e-05

l@share trend
r,324

9.661e-05
0.00027161
1.759¢-05
3.593e-05
-0.00024631
-0.00016707
-0.0001611
-7.257e-06
-0.00018737
-0.00030219
-0.00019492
-0.00027057
-0.00030229
-7.444e-05
-0.00020588
-0.00018457
-0.00014143
-0.00021023
-0.00020473
-7.488e-05
-0.00036143
-6.942¢-06
-1.626e-05

B;zbis’tgéution
0.23669
-0.056896
-0.011624
0.10741
0.14921
0.21265
0.21635
0.084071
0.19726
0.091994
0.17794
0.14344
0.090619
0.1599
0.17177
0.1852
0.19842
0.17392
0.18215
-0.069248
0.039659
0.083922
0.23731

substitution
x,22,324

-0.23047
-0.017178
3.988e-05
-0.098921
-0.13799
-0.21002
-0.21403
-0.081323
-0.19621
-0.079006
-0.1681
-0.15145
-0.07789
-0.15598
-0.16985
-0.18284
-0.19513
-0.17106
-0.17899
-0.35557
-0.038334
-0.081159
-0.24182

substitution
,22,486

-0.0045812
0.0010366
0.011659
-0.0080751
0.00018297
-0.0017581
-0.0013424
-0.0029091
0.00046521
-0.012766
-0.0094995
-0.0010003
-0.012492
-0.0040683
-0.00094215
-0.0013845
-0.0025034
-0.0021991
-0.0022657
-0.0013688
-5.216e-05
-0.0029186
0.0045073
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Table D.1: Cost and Expenditure Function Parameters for the Energy Model

substitution

Industry = 35454554

11
21
22
23
31
42
44
48
o1
02
53
o4
95
56
61
62
71
72
81
211
324
486

Consumer

0.24909
-0.40637
0.01441
0.11275
0.19483
0.21554
0.21988
0.10605
0.20976
0.0747
0.17166
0.11054
0.073875
0.17114
0.17675
0.19006
0.2036
0.17623
0.18508
0.22074
0.067657
0.10599
0.24503

substitution
x,324,486

-0.017925
0.0029488
-0.015184
-0.012414
-0.012297
-0.0044552
-0.0048435
-0.026336
-0.012127
0.0049137
-0.0025048
-0.0043715
0.0046222
-0.015927
-0.0052945
-0.0058348
-0.0074158
-0.0037647
-0.0045516
0.0012325
-0.0010712
-0.026364
-0.0032123

6share constant
x,48

0.040511
0.0023689
0.96072
0.078369
0.021526
0.014947
0.014413
0.031959
0.022068
0.12817
0.053088
0.0068772
0.13048
0.02165
0.020952
0.015586
0.016625
0.016541
0.014698
0.0012871
0.0067589
0.032193
0.011992

substitution
,486,486

0.021493
-0.00078854
-0.009118
0.019741
0.013385
0.0054545
0.0054008
0.028844
0.010546
0.0075168
0.011277
0.0050117
0.0075292
0.01978
0.0053572
0.0063876
0.0091653
0.005268
0.0059668
-0.00037885
0.0013306
0.02885
-0.001295

Bshare trend
,486

-1.726e-05
8.007e-07
-0.00048249
-3.271e-05
-4.644e-06
-5.392e-06
-5.187e-06
-6.394e-06
-5.703e-06
-5.798e-05
-2.118e-05
2.487e-07
-5.919e-05
-4.316e-06
-6.824e-06
-3.932¢-06
-3.859e-06
-4.894e-06
-3.48e-06
6.628e-08
-3.086e-06
-6.499¢-06
-4.202e-06
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Table D.1: Cost and Expenditure Function Parameters for the Energy Model

Industry x
11
21
22
23
31
42
44
48
51
52
53
54
95
56
61
62
71
72
81
211
324
486

Consumer

Bshare constant
z,211

0.0014064
1.3605
-0.013129
0.0013117
0.060921
0.001591
0.0015226
-0.0018655
0.0020469
0.00066144
0.0012909
-0.051959
0.00066628
-0.0010664
0.0019482
0.0017933
0.0014751
0.0017196
0.0019076
-0.40017
0.030672
-0.0017814
0

substitution
z,211,211

0.0013228
-0.49044
-0.013302
0.0010716
0.057209
0.0011909
0.0012069
-0.0021703
0.0018169
0.00049522
0.00067332
-0.054659
0.00050213
-0.0011194
0.0017149
0.0015279
0.0010861
0.0013732
0.0015959
-0.5603
0.029731
-0.0021236
0

substitution
r,211,22

-0.0016404
0.073037
-7.481e-05
-0.00040918
-0.011394
-0.00087771
-0.00098187
0.00016156
-0.0015099
-0.00022247
-0.00034598
0.0090182
-0.00023631
0.00014276
-0.00098353
-0.00097245
-0.00078246
-0.00066263
-0.00090176
0.42619
-0.0012726
0.00015491
0

substitution
r,211,324

-0.0006963
0.4206
0.00073398
-0.0014111
-0.044544
-0.001072
-0.0010102
0.0016074
-0.0014227
-0.00060843
-0.0010549
0.04528
-0.0006068
0.0007611
-0.0016108
-0.001387
-0.0010575
-0.0014064
-0.0015446
0.1336
-0.028251
0.0015364
0

substitution
x,211,486

0.0010138
-0.0031968
0.012642
0.00074869
-0.0012706
0.00075885
0.00078514
0.00040134
0.0011156
0.00033568
0.00072758
0.00036017
0.00034098
0.00021554
0.00087939
0.00083161
0.00075383
0.00069585
0.00085047
0.00051512
-0.00020731
0.00043233
0
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Table D.1: Cost and Expenditure Function Parameters for the Energy Model

Industry x
11
21
22
23
31
42
44
48
51
52
53
54
95
56
61
62
71
72
81
211
324
486

Consumer

Bshare trend
z,211

-6.622e-07
-0.00047901
0.00023706
-7.63e-07
-4.34e-06
-7.427e-07
-6.965e-07
2.065e-06
-9.902e-07
-3.724e-07
-5.994e-07
3.478e-05
-3.742e-07
1.169e-06
-9.182e-07
-7.907e-07
-5.288e-07
-8.197e-07
-9.16e-07
0.00051982
0.00032125
2.017e-06

0

share constant

0.026328
0.18002
0.03137
0.019007
0.12168
0.87475
0.19134
0.099446
0.0050235
0.017492
0.0095535
0.14849
0.0087306
0.0035707
-0.00030339
0.13515
0.02943
-6.591e-05
-0.00041446
1.063
0.057257
0.067398
0.19712

share trend
e

6.863¢-06
-2.421e-05
0.00011916
4.104e-06
-4.695e-05
-0.00042092
-7.721e-05
1.289¢-05
4.074e-06
6.643e-07
5.065e-06
-5.888e-05
3.469¢-06
1.533e-05
9.85e-06
-9.267e-05
9.559e-07
1.088e-05
9.12e-06
-0.00043706
0.00028118
2.126e-05
-7.57e-05

substitution
T,e.e

0.025425
0.067009
0.0098083
0.014097
0.015887
0.024038
0.020546
0.088476
0.0045631
0.016572
0.0084495
0.025356
0.0082925
0.0034316
-0.00031151
0.023252
0.022242
-0.00055171
-0.0016749
-0.052353
0.051749
0.062569
0.026555

substitution
T,em

-0.015069
0.045069
-0.0035847
-0.0024311
-0.018831
-0.01074
-0.021868
-0.030852
0.0014248
-0.013351
0.0016399
0.0037426
-0.00035325
0.0022471
3.626e-05
0.003128
-0.019385
0.00059855
0.0022362
0.1736
-0.027202
0.017097
-0.026555
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Table D.1: Cost and Expenditure Function Parameters for the Energy Model

Industry x
11
21
22
23
31
42
44
48
51
52
53
54
95
56
61
62
71
72
81
211
324
486

Consumer

share constant
x,m

0.61055
0.69245
0.86943
0.8861
0.91866
0.20198
0.87567
0.32162
0.019037
0.82415
-0.024488
0.65756
0.11511
-0.22465
-0.086593
0.67116
0.89686
-0.017003
-0.11315
-0.066789
0.54907
-0.24931
0.80288

substitution
z,m,m

0.1401
-0.14777
0.085668
-0.061879
-0.020267
-0.24071
-0.18942
-0.19681
-0.021031
-0.10729
-0.044139
0.12309
-0.010553
-0.48978
-0.095469
0.12545
0.084455
-0.10173
-0.14702
-0.19245
0.024669
-0.31471
0.026555

share trend
z,m

-3.269e-05
-0.00018373
-0.00031827
-0.00017515
-0.00017613
6.748e-05
-0.00027414
3.706e-05
0.00019472
-0.00026583
0.00017607
-0.00014432
9.412e-05
0.00029131
0.00022782
-0.00015084
-0.00027157
0.00018858
0.00023686
0.00024083
-0.00014813
0.00033246
7.57e-05

Bshare constant
x.k

0.13904
0.058724
0.13457
0.045613
-0.026616
-0.0092202
-0.01343
0.11775
-0.0041921
0.070932
0.97049
0.022114
0.75558
1.0987
1.0341
0.021424
0.037229
0.99113
1.0451
-0.10878
0.056728
0.11209

0

Bshare constant
x,l

0.22408
0.068808
-0.035366
0.049284
-0.01373
-0.067513
-0.053574
0.46119
0.98013
0.087423
0.044445
0.17184
0.12058
0.12241
0.05283
0.17228
0.036479
0.025943
0.06848
0.11256
0.33695
1.0698

0
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Table D.1: Cost and Expenditure Function Parameters for the Energy Model

Industry x
11
21
22
23
31
42
44
48
51
52
53
54
95
56
61
62
71
72
81
211
324
486

Consumer

Bsubstitution
x,k

vy

0.11959
0.05521
0.11642
0.043356
-0.027328
-0.025513
-0.013616
0.1021
-0.0042146
0.021513
0.013905
0.021225
0.18433
-0.1123
-0.036485
0.020045
0.035501
-0.025796
-0.064622
0.027724
0.052918
0.099052
0

l@substitution
x,k

sy

-0.031508
-0.004229
0.0047593
-0.0025945
-0.00037648
-0.00077916
-0.00073598
-0.054419
0.0037726
-0.067271
-0.044173
-0.0038008
-0.09114
-0.15247
-0.054631
-0.0038331
-0.0013615
-0.040455
-0.071697
-0.0025168
-0.019203
-0.1206

0

Bsubstitution
z,k,e

-0.0037532
-0.010728
-0.0047205
-0.0014534
0.0028798
-0.0089937
0.0018622
-0.011751
1.48e-05
-0.001327
-0.00932
-0.003581
-0.0068612
-0.004022
0.00025928
-0.0030692
-0.0017759
3.366e-05
-0.00056943
-0.029844
-0.0038641
-0.0075574
0

Bsubstitution
x,k,m

-0.084329
-0.040253
-0.11646
-0.039308
0.024825
0.035286
0.01249
-0.035934
0.0004272
0.047085
0.039588
-0.013843
-0.086333
0.26879
0.090857
-0.013143
-0.032364
0.066217
0.13689
0.0046367
-0.029851
0.029105
0

Bsubstitution
x,l,l

0.078815
-0.037373
-0.037633
-0.090811
-0.013962
-0.21108
-0.19752
-0.1633
-0.016948
-0.0043935
0.042031
0.14231
-0.0050219
-0.064618
0.050039
0.14257
0.035148
0.0056211
0.063789
0.079705
0.0075
-0.075802
0
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Table D.1: Cost and Expenditure Function Parameters for the Energy Model

Industry x
11
21
22
23
31
42
44
48
51
52
53
54
95
56
61
62
71
72
81
211
324
486

Consumer

Bsubstitution
xz,le

-0.0066023
-0.10135
-0.0015032
-0.010212
6.471e-05
-0.0043041
-0.00054062
-0.045873
-0.0060027
-0.0018938
-0.00076942
-0.025517
-0.001078
-0.0016568
1.597e-05
-0.023311
-0.0010804
-8.049e-05
8.054e-06
-0.0914
-0.020682
-0.072109
0

l@substitution
x,l,m

-0.040705
0.14295
0.034377
0.10362
0.014273
0.21616
0.1988
0.2636
0.019179
0.073558
0.0029117
-0.11299
0.09724
0.21874
0.004576
-0.11543
-0.032706
0.034914
0.0078995
0.014212
0.032385
0.26851

0

6share trend
x,k

4.21e-05
0.00012936
9.631e-05
1.296e-06
7.599e-05
7.545e-05
7.984e-05
7.343e-06
0.00011767
0.00019108
-0.00031802
4.741e-05
-0.00015463
-0.00048767
-0.00046212
4.675e-05
3.996e-05
-0.00043778
-0.00044597
0.00019405
7.874e-06
7.858e-06

0

Bshare trend
x,l

-1.627e-05
7.858e-05
0.00010281
0.00016975
0.00014709
0.00027799
0.00027151
-5.729e-05
-0.00031647
7.408e-05
0.00013688
0.00015579
95.704e-05
0.00018103
0.00022445
0.00015677
0.00023065
0.00023832
0.00019999
2.189e-06
-0.00014092
-0.00036157
0

cost trend
KLEM,x

-0.014002
0.00027895
0.0086446
0.0091044
-0.0067229
-0.009068
-0.0066816
-0.0075694
-0.0054345
-0.0082512
-0.0031074
0.0048193
-0.0027728
0.00097876
0.0060527
0.0050091
0.0025875
0.00090496
0.003928
0.025391
-0.0015724
-0.0084042
0
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Table D.1: Cost and Expenditure Function Parameters for the Energy Model

Industry x
11
21
22
23
31
42
44
48
51
52
53
54
95
56
61
62
71
72
81
211
324
486

Consumer

cost constant
KLEM,x

27.71
-0.73033
-17.208
-18.07
13.284
17.963
13.253
15.052
10.836
16.387
6.1916
-9.5529
9.5504
-1.9235
-11.986
-9.9237
-5.1155
-1.7813
-7.7779
-50.621
2.9008
16.69

0
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Appendix E

Cost and Expenditure Function

Parameters for the GRT Model

This section lists the parameters estimated for the firm cost and consumer expenditure
functions in the GRT model. These parameters are from the baseline regression specification

that uses iterated three-stage least squares with one period lagged prices as instruments.



122

Table E.1: Cost and Expenditure Function Parameters for the GRT Model

Industry
11
22
23
31
42
44
48
51
52
53
54
55
56
61
62
71
72
81
211
212
213

Consumer

Bshare constant
x,48

0.97766
0.98043
0.93993
0.97612
-0.066486
-0.065334
0.28062
-0.013699
-0.02797
-0.045838
-0.025918
-0.023224
0.98978
-0.024834
-0.022939
1.0075
-0.084152
-0.090852
0.99941
0.99401
0.99968
0.81924354

ﬁshare constant
,42

0.0022902
-6.683e-05
0.0088988
0.0091424
1.0656
1.0648
0.49485
0.59479
1.0253
1.0377
0.62689
1.0228
-0.010033
0.62603
0.62753
-0.028204
1.0547
1.0545
-0.0014418
-0.0014625
-0.0026271
-0.080867

Bshare trend
z,48

-0.00033345
-0.00016969
-0.00037038
-0.00034034
0.0001465
0.00014589
0.00026911
0.00016056
0.00025504
0.00024433
0.00015346
0.00025374
-0.00021349
0.0001523
0.00016143
-0.00032937
0.00017361
0.0001899
-0.00030896
-0.0002606
-0.00030007
-0.000338

l@share trend
,42

0.00024629
0.0001292
0.00028337
0.00024845
-0.00025514
-0.00025469
-0.00018217
-4.705e-05
-0.00032601
-0.00031832
-5.37e-05
-0.00032553
0.00016278
-5.281e-05
-6.087e-05
0.00024925
-0.00026221
-0.00027126
0.00022307
0.00019012
0.00021714
0.0001524

6izﬁb§7t4i§ution
0.003662
0.0024437
0.016934
0.015971
-0.071647
-0.069623
0.20156
-0.014252
-0.030394
-0.048424
-0.029039
-0.024894
-0.0066444
-0.027752
-0.024057
-0.035448
-0.092904
-0.10072
-0.00032773
-0.0013589
-0.0025858
0.11679
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Table E.1: Cost and Expenditure Function Parameters for the GRT Model

Industry
11
22
23
31
42
44
48
51
52
53
54
55
56
61
62
71
72
81
211
212
213

Consumer

B;zﬁlbés’%éution
-0.0032574
-0.0015421
-0.012277
-0.011628
0.070185
0.069449
-0.14523
0.006783
0.02678
0.046557
0.014795
0.023093
0.0069615
0.01384
0.010972
0.027981
0.086268
0.090669
0.0011633
0.0013561
0.002434
0.062011

Bt
-0.00040461
-0.00090168
-0.0046572
-0.0043436
0.0014616
0.00017392
-0.056331
0.0074691
0.0036137
0.0018674
0.014245
0.0018006
-0.00031705
0.013913
0.013085
0.0074671
0.0066359
0.010046
-0.00083559
2.82¢e-06
0.00015183
-0.17881

B;%ésﬁtution
0.0020841
-0.00043236
0.0082809
0.008062
-0.070983
-0.070214
0.10441
-0.0093731
-0.028132
-0.047621
-0.016015
-0.025557
-0.010945
-0.015325
-0.013289
-0.029323
-0.0836
-0.087356
-0.0020143
-0.0015365
-0.0028632
-0.094906

l@;zﬁ&sﬁtution
0.0011733
0.0019744
0.0039963
0.0035658
0.00079736
0.00076473
0.040823
0.0025901
0.0013516
0.001064
0.0012207
0.0024643
0.0039832
0.0014849
0.0023169
0.0013418
-0.0026688
-0.0033129
0.00085101
0.00018044
0.00042916
0.032895

6share constant
x,44

0.020048
0.019634
0.051174
0.014733
0.00084922
0.00049936
0.22454
0.41891
0.0026931
0.0081324
0.39903
0.00043192
0.020248
0.39881
0.39541
0.020712
0.029461
0.036355
0.0020329
0.0074543
0.002947
0.26162
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Table E.1: Cost and Expenditure Function Parameters for the GRT Model

Industry
11
22
23
31
42
44
48
51
52
53
54
55
56
61
62
71
72
81
211
212
213

Consumer

gt
-0.00076872
-0.0010728
0.00066088
0.00077781
-0.0022589
-0.00093865
0.015508
-0.010059
-0.0049653
-0.0029314
-0.015465
-0.0042648
-0.0036662
-0.015398
-0.015402
-0.0083089
-0.0039671
-0.006733
-1.542¢-05
-0.00018326
-0.000581
0.14591

ﬁshare trend
44

8.716e-05
4.049e-05
8.701e-05
9.189e-05
0.00010863
0.00010879
-8.694e-05
-0.00011351
7.097e-05
7.4e-05
-9.977e-05
7.179e-05
5.071e-05
-9.949e-05
-0.00010056
8.013e-05
8.861e-05
8.137e-05
8.59e-05
7.049e-05
8.293e-05
0.0001856

Bshare constant
z,54

-0.0039254
0.079809
-0.0086736
-0.02358
0.0099605
0.0091167
0.033169
0.092041
0.00071496
-0.0070082
0.038954
0.0015531
-0.0073346
0.040207
0.039375
0.029031
0.022023
0.043183
0.043266
-0.0040695
-0.053008
-0.1094

l@share constant 6share trend
z,81 x,54

0.017602
0.071525
0.063695
0.072733
0.048835
0.0482
0.0056353
0.037291
0.014541
0.034377
0.035845
0.014347
0.042446
0.037939
0.036519
0.038969
0.051212
0.034768
0.020415
0.013475
0.083932
1.117

3.976e-05
9.833e-05
0.00023395
0.00020662
0.00012772
0.0001281
0.00013513
0.00013462
5.19e-05
7.607e-05
0.00012246
5.118e-05
0.00014806
0.00012261
0.00012306
0.00012798
0.0001299
0.00010518
7.417e-06
0.00012123
5.736e-05
0.00010636
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Table E.1: Cost and Expenditure Function Parameters for the GRT Model

Industry
11
22
23
31
42
44
48
51
52
53
54
55
56
61
62
71
72
81
211
212
213

Consumer

Bshare trend
x,81

1.492e-05
2.06e-05
6.329¢-05
4.534e-05
3.494e-05
3.525e-05
6.436e-05
5.928e-05
2.209e-05
1.971e-05
4.498e-05
2.208e-05
4.26e-05
4.422e-05
4.495e-05
4.362¢-05
3.684e-05
3.988e-05
7.845e-06
4.724e-05
-2.343e-05
-0.00037558

6;?511457t5ituti0n
-0.0045726
0.047135
-0.013311
-0.055636
-0.023191
-0.022952
0.031931
0.078571
-0.010395
-0.013624
-0.0051975
-0.012017
-0.0080128
-0.0060196
-0.0059383
-0.0063428
-0.0084761
-0.002379
-0.063691
-0.012441
-0.079091
-0.12338

B;%blis’tsi{ution
-0.0019813
-0.0098445
-0.0047888
-0.04139
-0.0071319
-0.0070545
-0.00019983
-0.0063706
-0.0040622
-0.0048097
-0.0031048
-0.0046761
-0.0042673
-0.0033572
-0.0034068
-0.003429
-0.0031339
-0.0024131
-0.0054632
-0.0045499
-0.00065189
0.11731

ﬁ;%bfgtution
0.0065539
-0.03729
0.018099
0.097026
0.030323
0.030006
-0.031731
-0.072201
0.014457
0.018434
0.0083023
0.016694
0.01228
0.0093767
0.0093452
0.0097718
0.01161
0.0047921
0.069155
0.01699
0.079743
0.0060624

6;%blsvt8i{ution
-0.00021887
0.063265
0.0022554
0.0082274
-0.0029557
-0.0029287
0.0056022
0.029568
-0.0013879
-0.0013377
-7.945e-05
-0.0016203
0.00019376
-0.00017599
-0.0001914
-8.438e-05
-0.00020506
0.00022158
0.017203
-0.00026495
0.011735
-0.17067
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Table E.1: Cost and Expenditure Function Parameters for the GRT Model

Industry
11
22
23
31
42
44
48
51
52
53
54
55
56
61
62
71
72
81
211
212
213

Consumer

B;?Lgbf%éution
0.0022002
-0.05342
0.0025334
0.033163
0.010088
0.0099832
-0.0054023
-0.023197
0.0054501
0.0061473
0.0031843
0.0062964
0.0040736
0.0035332
0.0035982
0.0035134
0.003339
0.0021915
-0.01174
0.0048148
-0.011084
0.053353

ﬁshare constant
x,52

0.98632
0.84867
0.94498
0.95085
0.9412
0.94268
0.9612
0.87067
0.98474
0.97263
0.9252
0.9841
0.96489
0.92185
0.92411
0.932
0.92677
0.92205
0.93632
0.99059
0.96908
-0.0076392

B;%bés%tution
-0.0087541
0.090711
-0.020633
-0.13019
-0.04041
-0.03999
0.037133
0.095398
-0.019908
-0.024581
-0.011487
-0.02299
-0.016354
-0.01291
-0.012943
-0.013285
-0.014949
-0.0069836
-0.057415
-0.021805
-0.06866
-0.059415

l@share trend
z,52

-5.468e-05
-0.00011893
-0.00029724
-0.00025197
-0.00016267
-0.00016335
-0.00019949
-0.0001939
-7.399e-05
-9.578e-05
-0.00016744
-7.326e-05
-0.00019066
-0.00016683
-0.00016801
-0.0001716
-0.00016674
-0.00014506
-1.526e-05
-0.00016847
-3.392e-05
0.00026922

6share constant
z,11

0.30899
0.0038957
-0.032856
1.0143
0.0018083
0.00022015
0.0009863
0.0011228
-0.065544
-0.038972
-0.015848
-0.066525
-0.0060059
-0.014381
-0.014064
-0.014931
-0.011384
-0.020697
-0.0036648
-0.0069212
-0.0052114
0.11728
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Table E.1: Cost and Expenditure Function Parameters for the GRT Model

Industry
11
22
23
31
42
44
48
51
52
53
54
55
56
61
62
71
72
81
211
212
213

Consumer

Bshare trend
z,11

0.00015379
1.362e-06
3.537e-05
-0.00045022
2.611e-05
2.703e-05
3.354e-07
3.17e-06
9.582e-05
4.848e-05
1.9e-05
9.706e-05
1.084e-05
1.803e-05
1.779e-05
1.775e-05
2.082e-05
2.271e-05
2.722e-06
5.425e-06
3.774e-06
-3.979e-05

gyt
0.20954
0.0038544
-0.03395
-0.015964
0.0016814
-0.00040081
0.000894438
0.00089885
-0.097308
-0.059219
-0.020349
-0.097485
-0.0061142
-0.02058
-0.019664
-0.017758
-0.014374
-0.025855
-0.0036782
-0.0069842
-0.0052498
0.032415

B;?leis’%i{ution
-0.20861
-0.00099837
0.032853
0.011213
-0.0018615
-0.00030087
-0.00053233
-0.00096954
0.067953
0.038321
0.012749
0.068616
0.0059853
0.013658
0.012165
0.012896
0.0099435
0.018922
0.0036614
0.0066301
0.0052852
-0.032415

l@share constant
z,31

0.65297
0.25216
1.0054
-0.011056
0.96158
0.97798
0.53467
0.86291
1.0368
0.98794
0.96275
1.0376
0.99658
0.95462
0.96622
0.98267
0.96484
0.95804
0.9991
0.958
1.0147
0.88272

6;&bﬁt3i{ution
0.20728
0.18809
-0.024047
-0.011178
0.013378
0.014789
0.24712
0.11535
-0.039746
0.010098
0.029215
-0.043177
0.00027706
0.024752
0.030234
0.0043643
0.027148
0.026139
-0.0010556
0.040239
-0.017543
0.032415




128

Table E.1: Cost and Expenditure Function Parameters for the GRT Model

Industry
11
22
23
31
42
44
48
51
52
53
54
55
56
61
62
71
72
81
211
212
213

Consumer

Bshare trend
x,31

-0.00013608
9.703e-05
-3.53e-05
0.00043633
-2.442e-05
-3.304e-05
0.0001226
-1.059e-05
-0.00015775
-6.363e-05
-4.378e-06
-0.00015974
-4.07e-05
7.007e-07
-6.334¢e-06
-1.642¢-05
-1.076e-05
-5.989¢-06
-5.855¢-05
-0.00018094
-0.00010355
3.979e-05

ﬁshare constant
r,212

-0.0016262
0.73348
0.0060558
0.00062575
-0.00046512
-0.00026672
0.0012382
-0.0011047
-0.011658
-0.0043233
0.0002078
-0.011884
-0.002002
0.00016932
0.00021501
-0.0011392
0.0002856
0.00021344
-0.0064741
0.038018
-0.034242

0

share constant
z,n

0.039664
0.010457
0.021367
-0.0039181
0.037078
0.022064
0.4631
0.13707
0.040389
0.055358
0.052893
0.040836
0.011427
0.059593
0.047627
0.033404
0.04626
0.062448
0.011041
0.010907
0.024715
0

/Biﬁblséi{ution
0.00045562
-0.003126
0.00019881
-0.00073419
-6.006e-05
-3.848e-05
-1.852¢-06
-2.16e-05
-0.00079184
-0.00021848
-1.491e-05
-0.00086772
-4.207e-05
-1.692e-05
-1.732e-05
-2.434e-05
-9.668e-06
-0.00014695
-2.665¢-05
0.0002631
-0.00018199
0

substitution
z,31,212

0.00066328
-0.18586
-0.0065342
5.216e-06
-2.995e-05
0.00018036
-0.0010353
0.0009498
0.012087
0.0041864
-0.00050539
0.012326
0.0019944
-0.00034604
-0.00047097
0.00083343
-0.00034689
-0.00030572
0.0059976
-0.036421
0.034743

0
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Table E.1: Cost and Expenditure Function Parameters for the GRT Model

Industry
11
22
23
31
42
44
48
51
52
53
54
55
56
61
62
71
72
81
211
212
213

Consumer

substitution
r,212,212

-0.0016936
0.18891
0.0057515
-0.0039714
-0.00078075
-0.00027414
0.0010164
-0.0016431
-0.011794
-0.004:3482
0.0001903
-0.012025
-0.0020208
0.00014321
0.00018164
-0.0012336
0.0002843
0.00020313
-0.0070978
0.036568
-0.035535

0

ggigiton
0.00057474
7.946e-05
0.00058385
0.0047004
0.00087076
0.00013227
2.078e-05
0.00071492
0.00049869
0.00038037
0.00033
0.00056707
6.843e-05
0.00021975
0.00030665
0.00042454
7.225e-05
0.00024954
0.0011269
-0.0004102
0.00097386
0

Béﬁbﬁ%tution
-0.0013866
0.00027
0.00089799
0.0054848
0.00024019
0.00074016
-0.00036029
9.229e-05
0.030147
0.021116
0.0076149
0.029736
0.00017094
0.0069391
0.0075168
0.0048871
0.00444
0.0070796
4.343e-05
9.093e-05
0.00014654
0

ﬁ;%blsztution
0.00066525
-0.0012242
-0.0022721
-4.001e-05
-0.011487
-0.014668
-0.24555
-0.11533
-0.040294
-0.052605
-0.041458
-0.037765
-0.0082568
-0.038064
-0.041928
-0.018093
-0.036745
-0.044756
-0.0086034
-0.010449
-0.022485
0

substitution
z,m,n

0.00014657
0.00087475
0.0007903
-0.010145
0.010376
0.013796
0.24589
0.11452
0.0096487
0.031109
0.033513
0.0074612
0.0080174
0.030905
0.034104
0.012782
0.032233
0.037427
0.007433
0.010768
0.021364
0
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Table E.1: Cost and Expenditure Function Parameters for the GRT Model

Industry 5;?2(117“26 trend ;%Lre trend B;fzﬁalre constant l@;%a{e constant @%re constant
11 2.025e-06 -1.973e-05 0.95831 -0.062833 0.019195
22 -9.423e-05 -4.161e-06 0.0082316 0.70553 0.021329
23 1.041e-05 -1.049e-05 0.95606 -0.063614 -0.0019015
31 8.524e-06 5.357e-06 -0.00080372  0.94744 -0.0078003
42 4.275e-07 -2.113e-06 0.0035377 0.28463 0.019372
44 3.285e-07 5.678e-06 0.0025712 0.29244 0.01239

48 -6.292¢-08 -0.00012287  0.0086315 0.7813 -0.050402
51 9.282e-07 6.492e-06 0.0017612 0.87541 0.0056762
52 1.054e-05 5.14e-05 0.0047866 0.89531 0.010058
53 3.889¢-06 1.126e-05 0.0012024 0.87501 0.0085755
o4 2.297e-07 -1.486e-05 0.0030739 0.32602 0.014578
55 1.074e-05 5.194e-05 0.0047984 0.89581 0.010181
56 1.415e-06 2.845e-05 0.00419 0.22848 0.0069495
61 2.095e-07 -1.894e-05 0.0030821 0.32709 0.014628
62 1.983e-07 -1.165e-05 0.0030909 0.32469 0.01404

71 7.184e-07 -2.044e-06 0.0031365 0.31726 0.01222

72 1.495e-07 -1.02e-05 0.0033955 0.30566 0.022371
81 3.935e-07 -1.712e-05 0.0048959 0.26143 0.024654
211 3.692¢-06 5.213e-05 0.0040542 0.79624 -0.022837
212 0.00017611 -5.91e-07 0.0012745 -0.032358 0.18094
213 5.526e-05 4.452e-05 0.0048216 0.39065 -0.00073738
Consumer 0 0 0.073593 -0.38565 0.24501
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Table E.1: Cost and Expenditure Function Parameters for the GRT Model

Industry
11
22
23
31
42
44
48
51
52
53
54
55
56
61
62
71
72
81
211
212
213

Consumer

Bshare trend
x,61

-0.00047686
2.896e-06
-0.00047491
7.362e-06
5.607e-06
6.099e-06
2.454e-06
6.542e-06
5.014e-06
6.831e-06
5.888e-06
5.008e-06
95.236e-06
5.884e-06
5.877e-06
5.844e-06
5.715e-06
4.955e-06
5.124e-06
6.264e-06
4.707e-06
2.762e-06

ﬁshare trend
x,62

0.00038201
2.661e-05
0.00040796
-0.00010792
0.00024333
0.00023938
-1.276e-05
-5.273e-05
-6.172e-05
-5.196e-05
0.0002245
-6.196e-05
0.0002726
0.00022397
0.00022514
0.00022876
0.00023437
0.00025712
-2.121e-05
0.00038946
0.00018265
0.00051643

Bshare trend
z,71

3.726e-05
3.806e-05
4.539e-05
4.939¢-05
3.511e-05
3.863e-05
7.847e-05
4.216e-05
4.044e-05
4.109e-05
3.764e-05
4.038e-05
4.254e-05
3.761e-05
3.795e-05
3.899¢-05
3.369e-05
3.259e-05
5.821e-05
-4.311e-05
4.721e-05
-9.28e-05

ﬁ;%bﬁzg{ution
0.039004
0.008142
0.024578
-0.00082928
0.0028593
0.0019306
0.0084717
0.0017052
0.0045089
0.0011468
0.0022691
0.0045189
0.0039083
0.0022695
0.002302
0.0024108
0.0026688
0.0044105
0.0040167
0.00089019
0.0046884
0.064982

5;%$ﬁ%§uﬁon
0.060162

-0.0067854
0.060775

0.00012563
-0.0025818
-0.0022833
-0.0076998
-0.0028432
-0.0065927
-0.0021806
-0.0027685
-0.0066081
-0.0047598
-0.0027769
-0.0027697
-0.0027519
-0.0027936
-0.0056148
-0.0040575
4.121e-05

-0.0038072
0.028115
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Table E.1: Cost and Expenditure Function Parameters for the GRT Model

Industry
11
22
23
31
42
44
48
51
52
53
54
55
56
61
62
71
72
81
211
212
213

Consumer

B;%bﬁt%ution
-0.019634
-0.00048555
-0.00053833
-0.00021852
-0.0017895
-0.0008888
-0.0004499
-0.0001231
-0.00036436
-0.00017507
-0.0010091
-0.00036445
-0.00018759
-0.0010046
-0.0010224
-0.0010744
-0.0014389
-0.00085113
-1.391e-05
-0.002006
-0.00040061
-0.01805

ﬁi%bﬁt%‘tution
-0.079533
-0.00087111
-0.084814
0.00092217
0.0015119
0.0012415
-0.00032192
0.0012611
0.0024481
0.0012088
0.0015085
0.0024536
0.0010391
0.001512
0.0014902
0.0014156
0.0015636
0.0020554
5.469¢-05
0.0010746
-0.00048057
-0.075048

B;%bés%tution
-0.066986
0.13917
-0.067794
0.018074
-0.0031
-0.00229
0.093955
0.052121
0.057248
0.045729
-0.0048901
0.057374
-0.0051166
-0.0048986
-0.0048508
-0.004596
-0.0050816
-0.0040099
0.082165
-0.033407
0.07423
-0.55129

ﬁ;%bit?i{ution
0.00093405
-0.043073
-0.00044851
-0.0035719
-0.013769
-0.014531
0.0099536
-0.011402
-0.015209
-0.013974
-0.016165
-0.01525
-0.0097901
-0.016155
-0.016042
-0.015657
-0.014587
-0.018026
0.005932
0.0053275
-0.018132
0.090745

6;%b;7t7i§ution
0.0058892
-0.08931
0.0074672
-0.014628
0.019451
0.019104
-0.096209
-0.037876
-0.035447
-0.029574
0.023824
-0.035516
0.019667
0.023831
0.023662
0.023005
0.022462
0.027651
-0.084039
0.028039
-0.052291
0.43243
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Table E.1: Cost and Expenditure Function Parameters for the GRT Model

Industry
11
22
23
31
42
44
48
51
52
53
54
55
56
61
62
71
72
81
211
212
213

Consumer

gty tpeon
0.016769
-0.016719
-0.0046596
-0.014619
0.011032
0.0098576
-0.085833
0.0026021
0.0075609
0.0053795
0.011122
0.0075968
-0.0072123
0.011121
0.010631
0.0089953
0.011108
0.013866
-0.031514
0.016806
-0.0051774
0.081815

ﬁg?’;}f’?tution
0.001931
0.060277
0.0056464
0.018409
0.0045268
0.005562
0.076329
0.0089229
0.008012
0.0087698
0.0060525
0.0080179
0.01719
0.0060386
0.0064332
0.0077363
0.0049178
0.0050112
0.025595
-0.020128
0.02371
-0.15451

Bshare constant
xz,72

0.08533
0.2649
0.10946
0.061159
0.69246
0.6926
0.26047
0.11715
0.089843
0.11521
0.65633
0.089211
0.76038
0.6552
0.65818
0.66738
0.66858
0.70902
0.22254
0.85014
0.60527
1.0671

ﬁ;%b;?tution
0.071712
0.029904
0.071701
-0.0047037
-0.02549
-0.025907
0.020202
0.027692
0.024987
0.019596
-0.031385
0.025044
-0.037896
-0.031381
-0.031585
-0.032157
-0.028944
-0.034717
0.058389
-0.0089852
0.029062
-0.20287

6share trend
x,72

5.759e-05
-6.756e-05
2.156e-05
5.116e-05
-0.00028405
-0.00028411
-6.816e-05
4.036e-06
1.626e-05
4.034e-06
-0.00026803
1.657e-05
-0.00032037
-0.00026746
-0.00026897
-0.0002736
-0.00027378
-0.00029467
-4.213e-05
-0.00035262
-0.00023457
-0.00042639
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Table E.1: Cost and Expenditure Function Parameters for the GRT Model

Industry
11
22
23
31
42
44
48
51
52
53
54
55
56
61
62
71
72
81
211
212
213

Consumer

Bshare constant
x,53

0.13589
0.5734
-0.0029017
-0.015434
0.1848
0.18169
-0.028611
-0.17065
-0.39355
-0.30486
0.22673
-0.39456
0.22032
0.22601
0.22771
0.23587
0.22953
0.25275
0.50664
0.094654
-0.18486
0.31325

ﬁshare trend
x,53

-3.472e-05
-0.00027251
2.163e-05
2.332e-05
-2.466e-05
-2.308e-05
3.463e-05
0.00017345
0.00040967
0.00032006
-2.845e-05
0.0004107
-6.17e-05
-2.82e-05
-3.113e-05
-4.145e-05
-3.437e-05
-3.424e-05
-0.00012335
-2.991e-05
0.00024021
5.867e-05

B;%b?;s%tution
0.037636
0.081345
-0.0029233
-0.015679
0.1496
0.14811
-0.030086
-0.19977
-0.54864
-0.3978
0.17528
-0.55057
0.17173
0.17453
0.17581
0.18002
0.17557
0.18886
0.24705
0.083146
-0.21904
0.16011

substitution
z,53,mot

-0.038889
-0.13382
0.00012383
0.00030987
-0.17275
-0.17212
-0.0010772
-0.0051879
-0.041648
-0.024816
-0.2161
-0.041676
-0.20137
-0.21483
-0.21624
-0.22027
-0.21295
-0.24419
-0.39194
-0.067444
-0.021604
-0.16011

share constant
x,mot

0.89043
0.56969
0.03812
-0.0088677
0.94054
0.9569
-0.060958
-0.030716
-0.10635
-0.081725
0.95498
-0.10646
0.91528
0.95304
0.95172
0.93588
0.93419
0.96616
0.78632
0.742
-0.11687
0.68675
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Table E.1: Cost and Expenditure Function Parameters for the GRT Model

Industry
11
22
23
31
42
44
48
51
52
53
54
55
56
61
62
71
72
81
211
212
213

Consumer

substitution
x,mot,mot

0.012954
-0.025438
0.021255
-0.039075
0.022273
0.021334
-0.092556
-0.037274
-0.11786
-0.093029
0.030018
-0.11812
0.069098
0.029761
0.03504
0.049178
0.046896
0.017447
0.14694
-0.1011
-0.13231
0.16011

share trend
x,mot

-1.042e-05
1.534e-05
0.00045809
0.00047448
-0.0001033
-0.00011135
0.0004946
0.00034759
0.0002205
0.00026982
-0.00016339
0.00021986
-7.082e-05
-0.00016242
-0.0001577
-0.00013761
-0.00013988
-0.00018185
-8.764e-05
9.377e-05
0.00036485
-5.867e-05

Bshare constant
z,23

-0.026319
-0.14309
0.96478
1.0243
-0.12534
-0.1386
1.0896
1.2014
1.4999
1.3866
-0.18171
1.501
-0.1356
-0.17904
-0.17943
-0.17176
-0.16372
-0.21891
-0.29296
0.16335
1.3017

0

ﬁ;fébéséitution
-0.027188
-0.21173
0.018579
-0.054134
-0.17364
-0.1748
-0.1248
-0.24742
-0.7498
-0.54046
-0.2269
-0.75204
-0.16192
-0.22537
-0.22163
-0.21135
-0.20344
-0.28207
-0.38988
-0.15284
-0.39456
0

ﬁ;zb?itgéution
0.001253
0.052475
0.0027995
0.015369
0.023158
0.024011
0.031163
0.20496
0.59029
0.42262
0.040821
0.59224
0.029645
0.040302
0.04043
0.040254
0.037384
0.055329
0.14489
-0.015703
0.24064

0
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Table E.1: Cost and Expenditure Function Parameters for the GRT Model

Industry
11
22
23
31
42
44
48
51
52
53
54
55
56
61
62
71
72
81
211
212
213

Consumer

substitution
x,23,mot

0.025935
0.15926
-0.021379
0.038765
0.15048
0.15079
0.093633
0.042462
0.15951
0.11784
0.18608
0.1598
0.13228
0.18507
0.1812
0.1711
0.16605
0.22674
0.245
0.16854
0.15391
0

ﬁshare trend
x,23

4.515e-05
0.00025717
-0.00047971
-0.0004978
0.00012795
0.00013442
-0.00052923
-0.00052104
-0.00063017
-0.00058988
0.00019184
-0.00063056
0.00013252
0.00019062
0.00018882
0.00017906
0.00017425
0.00021609
0.00021099
-6.386¢e-05
-0.00060506
0

share constant

T,mss

1.0161
0.19782
0.072151
0.15721
0.071578
0.053842
0.11837
-0.042058
-0.04055
-0.017011
-0.0086758
-0.041903
0.080829
0.016634
-0.0063166
0.017757
0.042683
0.077911
0.020306
-0.032748
0.020827
1.0743

l@share constant
z,51

0.0075348
0.74802
0.95113
0.88235
0.90222
0.90296
0.95001
1.075
0.96852
0.95491
0.94435
0.95604
0.93764
0.95489
0.96329
0.95143
0.91971
0.85769
0.95945
0.032831
0.9402
-0.0056073

share trend
T,mss

-8.263e-05
0.00025636
0.00029751
0.00024123
0.00032217
0.00033108
0.00023012
0.00020595
0.0004428
0.0004128
0.00035805
0.00044373
0.00030084
0.00034481
0.00035604
0.00034327
0.00033297
0.00032536
0.0004544
0.00038096
0.00045164
-0.00015337
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Table E.1: Cost and Expenditure Function Parameters for the GRT Model

Industry
11
22
23
31
42
44
48
51
52
53
54
55
56
61
62
71
72
81
211
212
213

Consumer

Bshare trend
x,51

3.104e-05
-0.00030571
-0.00039088
-0.0003472
-0.00035746
-0.00035779
-0.00037545
-0.00025459
-0.00043685
-0.00041722
-0.00037471
-0.0004308
-0.00036834
-0.00038007
-0.0003837
-0.00037821
-0.00036359
-0.00033863
-0.00046727
4.069e-05
-0.00045653
0.00010588

substitution
r,mss,mss

-0.0303
0.14744
0.066847
0.13244
0.066379
0.050176
0.10436
-0.044852
-0.042196
-0.028356
-0.0098604
-0.043659
0.074294
0.016281
-0.0075267
0.016053
0.038499
0.032923
0.019728
-0.033842
0.020206
-0.086574

substitution
x,mss,51

-0.015135
-0.15455
-0.069419
-0.13972
-0.065547
-0.05269
-0.11248
0.043545
0.039126
0.010176
0.0019474
0.039963
-0.075917
-0.01725
-0.00020276
-0.022623
-0.044455
-0.077478
-0.02151
0.00049856
-0.021856
0.0046394

substitution
x,mss,56

0.048085
0.0078246
0.0025365
0.0076668
-0.00074873
0.0025089
0.0077322
0.0022138
0.0032447
0.019344
0.0081281
0.0039362
0.0015231
0.0010237
0.0081134
0.0070824
0.0066103
0.046536
0.0019032
0.00045855
0.0017676
0.081935

5;%bit5i{ution
-0.00058388
0.012032
0.025472
0.058758
0.054802
0.043604
-0.01276
-0.083509
-0.023693
0.0014802
-0.021028
-0.022146
0.049138
0.0050926
-0.024538
-4.308e-05
0.040385
0.076955
0.0021193
0.002348
-0.0012734
-0.0065387
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Table E.1: Cost and Expenditure Function Parameters for the GRT Model

Industry
11
22
23
31
42
44
48
51
52
53
54
55
56
61
62
71
72
81
211
212
213

Consumer

B;%bfgéution
0.016047
0.14362
0.043357
0.083732
0.01248
0.010543
0.12287
0.043104
-0.017951
-0.01374
0.021123
-0.020613
0.026866
0.013614
0.027263
0.024864
0.0046061
0.0025807
0.021938
0.035666
0.025438
0.0018993

ﬁshare constant
x,56

-0.025704
0.054393
-0.020649
-0.041993
0.026865
0.044206
-0.065082
-0.034213
0.076176
0.067074
0.064112
0.091519
-0.01723
0.028411
0.043144
0.030952
0.041048
0.064158
0.021417
-0.0045084
0.040134
-0.06874

Bas:%bésfgtution
-0.065704
-0.15359
-0.048806
-0.092931
-0.015235
-0.015732
-0.13117
-0.050425
0.012831
-0.010271
-0.03163
0.013435
-0.030872
-0.01629
-0.038539
-0.035315
-0.016436
-0.053669
-0.029202
-0.055232
-0.031492
-0.083834

l@share trend
z,56

4.214e-05
4.312e-05
8.867e-05
0.00010326
2.871e-05
1.998e-05
0.00013909
4.659e-05
-1.799¢-05
-7.06e-06
1.089e-05
-2.58e-05
6.123e-05
2.947e-05
2.173e-05
2.9e-05
2.283e-05
6.886e-06
4.013e-07
7.714e-05
-7.405e-06
4.749e-05

6share constant
x,55

0.0020379
-0.0002334
-0.002628
0.0024354
-0.00066714
-0.0010077
-0.0032962
0.0012218
-0.0041489
-0.0049689
0.00021378
-0.0056585
-0.0012387
6.848e-05
-0.00011593
-0.00014144
-0.0034424
0.00024089
-0.0011767
1.0044
-0.0011609
0
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Table E.1: Cost and Expenditure Function Parameters for the GRT Model

Industry
11
22
23
31
42
44
48
51
52
53
54
55
56
61
62
71
72
81
211
212
213

Consumer

substitution
x,mss,55

-0.0026507
-0.00071427
3.535e-05
-0.00038643
-8.242e-05
5.838e-06
0.00039008
-0.00090664
-0.00017432
-0.001163
-0.00021514
-0.00024097
9.95e-05
-5.385e-05
-0.00038391
-0.00051206
-0.00065368
-0.0019812
-0.00012127
0.032885
-0.00011752
0

B;?Sbﬁtgtution
-0.00032791
-0.001095
0.00058964
-0.0027697
-0.0017342
-0.0014569
0.0023766
-0.0031389
0.0025177
0.0020845
-0.0020429
0.002796
-8.709e-05
-0.001456
-0.002522
-0.0021982
-0.00053604
-0.0020576
-0.0025472
-0.038513
-0.0023092
0

Bas:%bssfgtution
0.0014067
-0.00034342
-0.0035381
0.0016242
-0.0016871
-0.0012288
-0.0033384
-0.0010624
-0.0042188
-0.005589
-0.00012048
-0.0057972
-0.0024958
-0.00014215
-0.0002567
-0.0006581
-0.0040295
-0.00051378
-0.0026927
-0.013479
-0.0018591
0

ﬁ;%bss%tution
0.0015719
0.0021527
0.0029131
0.0015319
0.0035037
0.0026799
0.00057174
0.0051079
0.0018754
0.0046675
0.0023785
0.0032421
0.0024834
0.001652
0.0031626
0.0033684
0.0052192
0.0045525
0.0053612
0.019107
0.0042859
0

6share trend
x,55

9.452e-06
6.235e-06
4.697e-06
2.711e-06
6.582e-06
6.725e-06
6.246¢-06
2.043e-06
1.204e-05
1.149e-05
5.768e-06
1.288e-05
6.264¢-06
5.79e-06
5.922¢-06
5.939¢-06
7.781e-06
6.387e-06
1.247e-05
-0.0004988
1.229e-05
0
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Table E.1: Cost and Expenditure Function Parameters for the GRT Model

Industry
11
22
23
31
42
44
48
51
52
53
54
55
56
61
62
71
72
81
211
212
213

Consumer

share constant

T, mm

0.5913
0.84478
0.19618
0.8452
0.069373
0.068911
0.096103
0.22714
0.034238
0.043048
0.70119
0.016688
0.62576
0.70967
0.69049
0.66026
0.57099
0.74038
-0.016923
0.26614
0.019539
1.0122

share constant

z,mp
0.024425
0.080724
0.096828
0.04089
0.064485
0.064752
0.091727
0.27532
0.76522
0.8664
0.07436
0.71906
0.11505
0.075768
0.076288
0.082877
0.074198
0.074781
0.082791
0.048271
0.082261
0.033243

share constant

T,ms

0.096191
0.18004
0.15033
0.076838
0.2983
0.29644
0.18225
-0.22892
-0.047549
-0.22343
0.14072
-0.2151
0.22971
0.14337
0.1444
0.16742
0.17114
0.15742
0.19379
0.20606
0.15599
-0.040646

share trend
T, mm

8.378e-05
-0.00016394
0.00022305
-4.384e-05
0.00012719
0.00012752
0.00011973
3.296e-05
2.318e-05
5.169e-05
-0.00022203
2.935e-05
-0.0001715
-0.00022616
-0.0002161
-0.00019955
-0.00014956
-0.00024782
0.00017176
0.00022062
0.00017739
-0.00041683

share trend
x7mp

-4.386¢-06
-1.508e-05
-1.443e-05
-3.662¢-06
4.594e-05
4.573e-05
-5.05e-06
-7.938e-05
-0.00032895
-0.00037623
5.214e-05
-0.00030966
1.698e-05
5.181e-05
5.089¢-05
4.557e-05
4.943e-05
4.809e-05
-2.017e-05
-6.545e-06
-2.068e-05
0.00011191




141

Table E.1: Cost and Expenditure Function Parameters for the GRT Model

Industry
11
22
23
31
42
44
48
51
52
53
54
55
56
61
62
71
72
81
211
212
213

Consumer

share trend
T,ms

-4.959e-07
-3.265e-05
-2.751e-05
-1.185e-05
2.109e-05
2.199e-05
1.067e-06
0.00036022
0.0003445
0.00039456
0.00012408
0.00043478
4.579e-05
0.00012251
0.00012069
0.00010471
0.00010232
0.00012481
0.00013253
-6.425e-05
0.00013183
0.00013327

substitution
T, mm,mm

0.16789
0.13086
0.051309
0.092601
0.064472
0.064163
0.085556
0.039708
0.001047
0.035085
0.0076842
0.015431
-0.05452
0.0070657
0.0058671
-0.0017818
0.0076946
0.0043136
-0.020936
0.09034
0.013222
-0.019339

substitution
T, mm,mp

-0.016451
-0.068363
-0.069952
-0.044293
-0.0045548
-0.0044622
-0.0088388
-0.066304
-0.03033
-0.037526
-0.065469
-0.012901
-0.079846
-0.064107
-0.065802
-0.067558
-0.06156
-0.068734
0.001253
-0.029205
-0.0020109
-0.037352

substitution
T, mm,ms

-0.061979
-0.15223
-0.029508
-0.066687
-0.021167
-0.020433
-0.018482
0.048263
-0.076839
0.00029355
-0.099063
0.0034557
-0.15796
-0.10174
-0.10136
-0.11138
-0.098228
-0.11655
0.0032795
-0.05693
-0.0030483
0.029569

substitution
T, mm,mo

-0.089459
0.089729
0.048151
0.018379
-0.03875
-0.039268
-0.058235
-0.021666
0.10612
0.0021478
0.15685
-0.0059863
0.29232
0.15878
0.16129
0.18072
0.15209
0.18097
0.016404
-0.0042047
-0.0081631
0.027123
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Table E.1: Cost and Expenditure Function Parameters for the GRT Model

Industry
11
22
23
31
42
44
48
51
52
53
54
55
56
61
62
71
72
81
211
212
213

Consumer

substitution
Z,mp,mp

0.023664
0.074103
0.062569
0.029506
0.060206
0.059662
0.083117
0.11571
0.17803
0.10857
0.06795
0.19584
0.1016
0.069363
0.069639
0.075252
0.06714
0.068235
0.075779
0.04339
0.074819
0.028815

substitution
T, mp,ms

-0.0026735
-0.014617
-0.014579
-0.0041124
-0.020056
-0.01963
-0.016823
0.062793
0.026202
0.1928
-0.010553
0.15453
-0.026816
-0.011503
-0.01112
-0.0142
-0.01274
-0.011989
-0.016134
-0.010433
-0.01323
-0.010568

substitution
z,mp,mo

-0.0045401
0.0088769
0.021962
0.018899
-0.035594
-0.035571
-0.057455
-0.1122
-0.1739
-0.26384
0.0080721
-0.33747
0.005061
0.0062462
0.007283
0.0065055
0.0071591
0.012488
-0.060897
-0.0037522
-0.059579
0.019105

substitution
r,ms,ms

0.085266
0.14553
0.12773
0.067979
0.20091
0.20007
0.14812
-0.28349
-0.24241
-0.28761
0.11538
-0.26138
0.17555
0.11125
0.11749
0.12804
0.13303
0.1105
0.15618
0.11823
0.13141
-0.08705

substitution
T,ms,mo

-0.020613
0.021314
-0.083646
0.002821
-0.15969
-0.16001
-0.11282
0.17244
0.29304
0.094513
-0.0057674
0.1034
0.009225
0.001994
-0.0050159
-0.0024592
-0.022062
0.01804
-0.14333
-0.050864
-0.11513
0.068049
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Table E.1: Cost and Expenditure Function Parameters for the GRT Model

Industry
11
22
23
31
42
44
48
51
52
53
54
55
56
61
62
71
72
81
211
212
213

Consumer

share constant
T,mo

0.28808
-0.10554
0.55666
0.03707
0.56785
0.5699
0.62992
0.72647
0.24809
0.31398
0.083724
0.47935
0.029471
0.071193
0.088824
0.089441
0.18367
0.027412
0.74034
0.47954
0.74221
-0.0047984

substitution
T,Mm0,mo

0.11461
-0.11992
0.013533
-0.040098
0.23404
0.23484
0.22851
-0.038571
-0.22527
0.16718
-0.15915
0.24006
-0.30661
-0.16703
-0.16356
-0.18476
-0.13719
-0.2115
0.18782
0.058821
0.18287
-0.11428

share trend
z,mo

-7.89e-05
0.00021167
-0.00018111
5.935e-05
-0.00019422
-0.00019524
-0.00011575
-0.0003138
-3.874e-05
-7.001e-05
4.581e-05
-0.00015447
0.00010873
5.184e-05
4.451e-05
4.927e-05
-2.19e-06
7.492e-05
-0.00028412
-0.00014983
-0.00028855
0.00017165

l@share constant
z,211

0.00036768
-0.031895
-0.00018488
-0.022139
0.0019125
0.001913
0.95825
0.0030786
0.00091153
0.0021002
0.97133
0.0032657
0.12084
0.0024124
0.0029019
0.0020589
0.001741
0.00087926
1.1332
0.00010194
1.141

0

6share constant
,22

0.95685
1.0167
0.012334
0.0028288
0.97573
0.97572
0.03893
0.97447
0.97246
0.97578
0.029485
0.97708
0.87717
0.97448
0.97464
0.97738
0.97505
0.97385
-0.1519
0.93963
-0.16378
1
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Table E.1: Cost and Expenditure Function Parameters for the GRT Model

Industry
11
22
23
31
42
44
48
51
52
53
54
55
56
61
62
71
72
81
211
212
213

Consumer

Bshare constant
x,21

0.042783
0.015186
0.98785
1.0193
0.022356
0.022365
0.0028222
0.022451
0.026624
0.022121
-0.00081132
0.019655
0.0019828
0.023108
0.022456
0.020561
0.023208
0.025276
0.0187
0.060272
0.022767
0

substitution
r,211,211

0.00033611
-0.044585
-0.00018802
-0.02263
0.00064011
0.00063968
0.016971
0.00099077
0.00057558
0.0015266
0.011661
0.000623
0.0033174
0.00078138
0.00096121
0.0016548
0.00072292
0.00073803
-0.1602
9.097e-05
-0.17192

0

B;fébisfftution
0.00028681
0.044807
0.00026427
6.312e-05
1.635¢-05
1.671e-05
-0.014266
-0.00010514
0.0003527
-0.00031432
-0.011962
0.00031325
-0.0030112
-8.664e-05
-0.00024831
-0.0006648
-5.567e-05
-4.581e-05
0.19333
0.00027411
0.20521

0

substitution
z,211,213

-0.00062292
-0.00022198
-7.625e-05
0.022566
-0.00065646
-0.00065639
-0.0027052
-0.00088563
-0.00092827
-0.0012123
0.00030069
-0.00093625
-0.00030623
-0.00069474
-0.0007129
-0.00099003
-0.00066725
-0.00069221
-0.033122
-0.00036508
-0.033287

0

6§L2b237t2i§ution
-0.0012509
-0.053647
-0.031511
0.0020596
0.00042695
0.00042734
0.014293
-2.63e-05
8.5e-05
0.00050405
0.011182
-8.021e-05
0.0031154
0.00030988
0.00059815
0.001213
0.00035023
0.00029622
-0.23146
0.025433
-0.24593

0
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Table E.1: Cost and Expenditure Function Parameters for the GRT Model

Industry
11
22
23
31
42
44
48
51
52
53
54
55
56
61
62
71
72
81
211
212
213

Consumer

s
0.00096412
0.0088408
0.031247
-0.0021227
-0.0004433
-0.00044405
-2.742¢-05
0.00013144
-0.0004377
-0.00018973
0.00078021
-0.00023303
-0.00010422
-0.00022324
-0.00034985
-0.00054816
-0.00029456
-0.00025041
0.038129
-0.025707
0.040721

0

substitution
r,213,213

-0.00034119
-0.0086188
-0.03117
-0.020444
0.0010998
0.0011004
0.0027326
0.00075419
0.001366
0.001402
-0.0010809
0.0011693
0.00041045
0.00091798
0.0010627
0.0015382
0.00096181
0.00094262
-0.005007
0.026072
-0.007434
0

Bshare trend
z,211

-2.498e-07
0.00023913
7.901e-08
0.00024492
-8.655e-07
-8.658e-07
-0.00047085
-1.498e-06
-5.446e-07
-7.624e-07
-0.00047061
-1.724e-06
-5.843e-05
-1.09e-06
-1.237e-06
-5.099e-07
-7.591e-07
-3.382e-07
-0.00023906
-1.045e-07
-0.00024921
0

l@share trend
,22

2.141e-05
-0.0002748
0.00048787
0.00022459
1.199e-05
1.199e-05
0.00047041
1.273e-05
1.369e-05
1.17e-05
0.0004673
1.141e-05
5.898e-05
1.263e-05
1.24e-05
1.063e-05
1.234e-05
1.295e-05
0.00018829
-3.478e-06
0.00020138
0

6share trend
x,213

-2.116e-05
3.567e-05
-0.00048795
-0.00046951
-1.112e-05
-1.113e-05
4.375e-07
-1.123e-05
-1.315e-05
-1.093e-05
3.319e-06
-9.681e-06
-5.488e-07
-1.154e-05
-1.117e-05
-1.012e-05
-1.158e-05
-1.261e-05
5.077e-05
3.583e-06
4.783e-05
0
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Table E.1: Cost and Expenditure Function Parameters for the GRT Model

Industry
11
22
23
31
42
44
48
51
52
53
54
55
56
61
62
71
72
81
211
212
213

Consumer

share constant
e

0.010363
-0.0040739
0.0063019
0.037632
0.018815
0.84715
0.011802
0.0048259
0.01762
0.02318
0.92118
0.0067542
0.0029099
-0.00056103
-0.0011453
0.085592
-0.00033804
0.0012861
0.57168
0.16979
1.0461
0.46514

share trend
T,e

1.849e-06
0.00013168
-1.348¢-06
1.467e-05
4.478e-06
-0.00041493
4.659¢-07
2.457e-06
-1.237e-06
-3.72e-06
-0.00045391
2.907e-06
95.38e-06
6.954e-06
7.067e-06
-3.381e-05
7.798e-06
6.007e-06
-0.00019234
-6.075e-05
-0.00043952
-0.00021874

substitution
z,e.e

0.010246
-0.027058
0.0022105
0.034824
0.018331
0.011198
0.011036
0.0046655
0.014042
0.011639
0.021599
0.0060455
0.0024748
-0.0011582
-0.0021038
0.014397
-0.0011088
0.00022175
-0.045123
0.012422
-0.077757
0.013106

substitution
T,e,m

-0.0043692
0.028894
-0.00030965
-0.0067603
0.0014625
-0.028638
0.0050669
0.0011133
-0.0099992
0.010117
-0.0096303
-0.0004574
0.00034235
0.00080498
0.001029
0.0032901
0.0026752
0.0011799
0.2052
0.0028327
0.17927
-0.013106

share constant
x,m

0.51586
0.88738
1.0531
0.24449
-0.00018766
0.27103
-0.27461
-0.0064951
0.84602
0.039743
0.068316
0.21209
0.037551
-0.08982
-0.027199
0.72736
0.062539
-0.090385
0.14997
0.87463
-0.14262
0.53486
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Table E.1: Cost and Expenditure Function Parameters for the GRT Model

Industry
11
22
23
31
42
44
48
51
52
53
54
55
56
61
62
71
72
81
211
212
213

Consumer

substitution
T,m,m

0.14117
0.071786
-0.075092
0.037579
-0.083337
-0.21043
-0.36688
-0.018442
-0.11967
-0.059992
0.0074625
-0.000471
-0.098253
-0.10358
-0.10318
0.13096
-0.14361
-0.10432
-0.16442
-0.071776
-0.19361
0.013106

share trend
T,m

2.807e-05
-0.00032356
-0.00025151
0.00016325
0.00017705
3.293e-05
0.00037715
0.00020897
-0.00027521
0.00014687
0.00015132
4.621e-05
0.00017325
0.00023166
0.0002005
-0.00017446
0.00015012
0.00022719
8.203e-05
-0.00023697
0.00023006
0.00021874

Bshare constant
x,k

0.1668
0.12807
0.0435
-0.029308
-0.022253
-0.013116
0.094484
-0.0043229
0.12228
0.89709
0.012316
0.65408
0.91369
1.033
0.96863
0.025067
0.92693
1.0335
0.061172
0.10155
0.017658
0

l@share constant
x,l

0.30698
-0.011381
-0.10291
0.74718
1.0036
-0.10507
1.1683
1.006
0.01408
0.039988
-0.001812
0.12707
0.045846
0.057361
0.059711
0.16198
0.010869
0.055607
0.21718
-0.14597
0.078866
0

6substitution
x,k

)Yy

0.13897
0.11166
0.041412
-0.030166
-0.023643
-0.020143
0.085535
-0.0043416
-0.0034837
0.011127
0.011996
0.1872
-0.015243
-0.037684
-0.038317
0.024384
-0.027951
-0.039311
0.057429
0.090232
0.017346
0
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Table E.1: Cost and Expenditure Function Parameters for the GRT Model

Industry
11
22
23
31
42
44
48
51
52
53
54
55
56
61
62
71
72
81
211
212
213

Consumer

Bsubstitution
x,k

vy

-0.051628
0.0014574
0.0032492
0.021898
0.017333
-0.0018962
-0.11078
0.0043324
-0.055131
-0.038766
-0.00011557
-0.086104
-0.060044
-0.059677
-0.060476
-0.0040781
-0.051546
-0.057469
-0.013285
0.013971
-0.0013926
0

Bsubstitution
x,k,e

-0.0017314
0.00031053
-0.00047143
0.0011024
0.0002273
-0.0047283
-0.0011721
1.959e-05
-0.0031595
-0.020826
-0.012138
-0.0047076
-0.0026587
0.00057486
0.0010135
-0.0024228
-0.00086107
-0.00133
-0.035335
-0.017525
-0.018472

0

Bsubstitution
z,k,m

-0.085613
-0.11343
-0.04419
0.007166
0.0060834
0.026767
0.026419
-1.04e-05
0.061774
0.048465
0.0002583
-0.096386
0.077945
0.096786
0.09778
-0.017884
0.080358
0.098109
-0.0088091
-0.086678
0.0025184
0

l@substitution
xz,l,l

0.10696
-0.012061
-0.12141
0.045252
-0.073103
-0.23257
-0.20968
-0.015873
-0.011876
0.038286
-0.001964
-0.01033
0.040236
0.053911
0.056044
0.13571
-0.0083274
0.052514
0.16998
-0.17186
0.072623
0

6substitution
xz,le

-0.0041457
-0.0021467
-0.0014294
-0.029166
-0.020021
0.022168
-0.014931
-0.0057984
-0.0008838
-0.00093024
0.00017001
-0.00088051
-0.00015843
-0.00022167
6.125e-05
-0.015264
-0.00070538
-7.17e-05
-0.12474
0.00227
-0.083046

0
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Table E.1: Cost and Expenditure Function Parameters for the GRT Model

Industry
11
22
23
31
42
44
48
51
52
53
54
55
56
61
62
71
72
81
211
212
213

Consumer

Bsubstitution
z,lm

-0.051191
0.01275
0.11959
-0.037984
0.075792
0.2123
0.3354
0.017339
0.067891
0.0014106
0.0019095
0.097314
0.019966
0.0059878
0.0043706
-0.11637
0.060579
0.0050262
-0.031963
0.15562
0.011815
0

ﬁshare trend
x.k

3.026e-05
0.00010339
2.161e-06
7.677e-05
8.367e-05
7.875e-05
2.034e-05
0.00011765
0.0001649
-0.00028223
5.1e-05
-0.00010325
-0.00039586
-0.00046072
-0.00042787
4.604e-05
-0.00040468
-0.0004403
0.00018373
6.868e-05
0.00019585
0

Bshare trend
x,l

-6.018e-05
8.848e-05
0.00025069
-0.0002547
-0.0002652
0.00030325
-0.00039796
-0.00032908
0.00011155
0.00013908
0.00025158
5.414e-05
0.00021723
0.0002221
0.00022031
0.00016223
0.00024677
0.0002071
-7.342e-05
0.00022904
1.361e-05

0

/8 cost trend
T

-0.013847
0.0090018
0.0096268
-0.007582
-0.0088258
-0.0054095
-0.0042505
-0.0052071
-0.00866
-0.0025146
0.0032568
-0.0021853
0.00095443
0.0060428
0.0048083
0.0048331
0.0011281
0.003627
0.025933
-0.0050388
0.014004

0

6cost constant
T

2741
-17.924
-19.095
14.97
17.498
10.748
8.435
10.402
17.186
5.021
-6.4542
4.3844
-1.8781
-11.964
-9.5327
-9.5683
-2.2191
-7.1744
-51.699
9.7253
-28.101
0
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Appendix F

Full Regression Summary Statistics

This section lists the full summary statistics for the baseline regressions used to parametrize
the energy model. These summary statistics are for the baseline regression specification that

uses iterated three-stage least squares with one period lagged prices as instruments.
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Table F.1: Full Regression Summary Statistics

Industry ~ Monotonic (%) MOT Monotonic (%) MSS Monotonic (%) MM
11 86.3 100 97.8
21 70.6 84.3 26.1
22 82.4 98 97.8
23 82.4 70.6 82.6
31 80.4 76.5 93.5
42 78.4 82.4 97.8
44 66.7 84.3 95.7
48 0 72.5 100
o1 64.7 82.4 65.2
52 78.4 80.4 97.8
93 86.3 98 78.3
54 47.1 76.5 0
%) 56.9 92.2 82.6
56 84.3 84.3 97.8
61 72.5 78.4 23.9
62 78.4 92.2 21.7
71 74.5 80.4 95.7
72 72.5 74.5 97.8
81 76.5 86.3 73.9
211 94.1 94.1 0
324 76.5 66.7 87
486 0 66.7 97.8

Consumer 0 78.4 0
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Table F.1: Full Regression Summary Statistics

Industry ~ Monotonic (%) MP Monotonic (%) MO Monotonic (%) MS
11 0 98 98
21 100 68.6 94.1
22 100 0 86.3
23 0 0 94.1
31 96.1 94.1 98
42 98 58.8 92.2
44 96.1 21.6 96.1
48 98 90.2 88.2
51 96.1 0 84.3
52 90.2 60.8 96.1
93 96.1 56.9 94.1
54 98 15.7 98
55 96.1 62.7 82.4
56 94.1 0 98
61 100 15.7 96.1
62 92.2 74.5 98
71 94.1 0 90.2
72 100 1.96 88.2
81 90.2 72.5 94.1
211 92.2 58.8 100
324 90.2 94.1 13.7
486 100 90.2 100

Consumer 0 90.2 80.4
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Table F.1: Full Regression Summary Statistics

Industry ~ Monotonic (%) M Monotonic (%) E Monotonic (%) KLEM
11 32.6 0 63
21 0 62.7 78.3
22 80.4 86.3 95.7
23 43.5 0 84.8
31 0 0 93.5
42 0 0 80.4
44 0 0 100
48 89.1 58.8 17.4
o1 41.3 0 93.5
52 0 0 10.9
93 0 0 95.7
54 60.9 96.1 10.9
%) 0 0 95.7
56 0 54.9 65.2
61 78.3 0 91.3
62 87 0 15.2
71 76.1 0 32.6
72 78.3 0 84.8
81 78.3 0 84.8
211 0 0 67.4
324 0 41.2 93.5
486 91.3 64.7 26.1

Consumer 0 9.8 86.3
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Table F.1: Full Regression Summary Statistics

Industry
11
21
22
23
31
42
44
48
51
52
53
54
55
56
61
62
71
72
81
211
324
486

Consumer

Cost Share R? 11
0.0986
0.516
0.0332
0.0559
0.71
0.0372
0.0332
0.852
0.415
0.677
0.739
0.718
0.674
0.495
0.613
0.656
0.751
0.287
0.771
0.471
0.219
0.818
0.396

Cost Share R? 21
0.272
0.00553
0.00021
0.296
0.439
0.074
0.00417
0.108
0.019
0.375
0.23
0.585
0.391
0.000169
0.787
0.784
0.0603
0.0404
0.0807
0.673
0.232
0.101

na

Cost Share R? 22
0.597
0.0497
0.00722
0.603
0.326
0.683
0.683
0.776
0.633
0.718
0.671
0.604
0.719
0.8
0.548
0.59
0.682
0.585
0.562
0.722
0.0115
0.775
0.982
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Table F.1: Full Regression Summary Statistics

Industry
11
21
22
23
31
42
44
48
51
52
53
54
55
56
61
62
71
72
81
211
324
486

Consumer

Cost Share R? 23
0.0795
0.806
0.478
0.0125
0.907
0.612
0.809
0.822
0.746
0.64
0.647
0.732
0.64
0.708
0.729
0.4
0.717
0.73
0.535
0.618
0.773
0.822

na

Cost Share R? 31
0.0962
0.0542
7.99e-07
0.175
0.633
0.249
0.252
0.729
0.586
0.52
0.661
0.654
0.516
0.711
0.669
0.669
0.685
0.497
0.703
0.727
0.259
0.731
0.394

Cost Share R? 42
0.802
0.288
0.862
0.348
0.836
0.16
0.161
0.164
0.108
0.866
0.223
0.0657
0.867
0.657
0.0648
0.126
0.426
0.0655
0.0316
0.782
0.324
0.168
0.523
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Table F.1: Full Regression Summary Statistics

Industry
11
21
22
23
31
42
44
48
51
52
53
54
55
56
61
62
71
72
81
211
324
486

Consumer

Cost Share R? 44
0.802
0.267
0.489
0.279
0.834
0.0382
0.036
0.197
0.15
0.946
0.831
0.0175
0.946
0.431
0.0168
0.00999
0.203
0.105
0.202
0.742
0.317
0.201
0.758

Cost Share R? 48
0.802
0.283
0.792
0.327
0.835
0.0946
0.0959
0.173
0.189
0.793
0.0249
0.0359
0.795
0.629
0.0353
0.101
0.373
0.0204
0.00273
0.773
0.322
0.177
0.0324

Cost Share R? 51
0.804
0.369
0.646
0.534
0.753
0.489
0.497
0.0812
0.319
0.387
0.594
0.781
0.372
0.51
0.718
0.654
0.72
0.618
0.613
0.0131
0.191
0.0856
0.351
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Table F.1: Full Regression Summary Statistics

Industry
11
21
22
23
31
42
44
48
51
52
53
54
55
56
61
62
71
72
81
211
324
486

Consumer

Cost Share R? 52
0.515
0.563
0.621
0.372
0.409
0.241
0.248
0.878
0.763
0.677
0.428
0.104
0.703
0.211
0.0976
0.102
0.12
0.144
0.165
0.254
0.0107
0.879
0.00126

Cost Share R? 53
0.868
0.442
0.949
0.922
0.0922
0.222
0.943
0.343
0.964
0.335
0.318
0.942
0.336
0.953
0.941
0.2
0.95
0.947
0.237
0.181
0.292
0.339
0.461

Cost Share R? 54
0.539
0.602
0.36
0.294
0.319
0.249
0.255
0.881
0.783
0.683
0.418
0.101
0.707
0.237
0.0955
0.101
0.119
0.142
0.161
0.476
0.018
0.881
0.806
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Table F.1: Full Regression Summary Statistics

Industry
11
21
22
23
31
42
44
48
51
52
53
54
55
56
61
62
71
72
81
211
324
486

Consumer

Cost Share R? 55
0.839
0.585
0.414
0.0101
0.458
0.433
0.424
0.0524
0.0961
0.262
0.135
0.173
0.18
0.249
0.173
0.178
0.191
0.435
0.112
0.0346
0.394
0.0272

na

Cost Share R? 56
0.325
0.65
0.875
0.8
0.594
0.106
0.115
0.797
0.419
0.659
0.395
0.0529
0.659
0.573
0.0459
0.0374
0.00183
0.00848
0.00132
4.55e-05
0.368
0.793
0.0999

Cost Share R? 61
0.395
0.703
0.641
0.422
0.339
0.187
0.317
0.466
0.143
0.0513
0.207
0.114
0.0523
0.377
0.111
0.129
0.194
0.124
0.0202
0.718
0.822
0.44
0.78
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Table F.1: Full Regression Summary Statistics

Industry
11
21
22
23
31
42
44
48
51
52
53
54
55
56
61
62
71
72
81
211
324
486

Consumer

Cost Share R? 62
0.845
0.883
0.94
0.904
0.828
0.88
0.88
0.967
0.917
0.833
0.824
0.811
0.833
0.91
0.81
0.817
0.835
0.844
0.81
0.885
0.764
0.968
0.114

Cost Share R? 71
0.129
0.54
0.989
0.156
0.903
0.0165
0.0436
0.956
0.502
0.0685
0.238
0.00012
0.0729
0.881
8.17e-05
0.0246
0.311
0.0174
0.0192
0.935
0.625
0.952
0.33

Cost Share R? 72
0.837
0.936
0.803
0.916
0.789
0.875
0.873
0.825
0.937
0.904
0.879
0.811
0.904
0.818
0.811
0.811
0.811
0.846
0.804
0.857
0.654
0.825
0.701
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Table F.1: Full Regression Summary Statistics

Industry
11
21
22
23
31
42
44
48
51
52
53
54
55
56
61
62
71
72
81
211
324
486

Consumer

Cost Share R? 81
0.434
0.416
0.833
0.522
0.449
0.22
0.226
0.862
0.688
0.661
0.453
0.113
0.69
0.0985
0.103
0.107
0.123
0.154
0.178
0.393
0.253
0.861
0.209

Cost Share R? 211
0.00937
0.742
0.0392
0.00923
0.0106
0.219
0.242
0.129
0.136
0.0118
0.16
0.383
0.00354
0.0676
0.0148
0.121
0.374
0.015
0.024
0.532
0.276
0.124

na

Cost Share R? 324
0.638
0.741
0.281
0.668
0.131
0.688
0.688
0.803
0.652
0.693
0.649
0.567
0.693
0.795
0.555
0.596
0.687
0.592
0.567
0.196
0.00206
0.803
0.982
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Table F.1: Full Regression Summary Statistics

Industry
11
21
22
23
31
42
44
48
51
52
53
54
55
56
61
62
71
72
81
211
324
486

Consumer

Cost Share R? 486
0.904
0.0246
0.247
0.91
0.772
0.909
0.908
0.862
0.888
0.439
0.831
0.809
0.455
0.893
0.834
0.871
0.901
0.821
0.822
0.0858
0.662
0.862
0.514

Cost Share R? MOT
0.0221
0.000186
0.227
0.871
0.57
0.0131
0.108
0.629
0.104
0.275
0.182
0.0652
0.276
0.177
0.0628
0.00197
0.0823
0.11
0.0714
0.00961
0.554
0.633
0.461

Cost Share R? MSS
0.522
0.599
0.907
0.728
0.745
0.514
0.522
0.6
0.283
0.114
0.534
0.797
0.104
0.682
0.754
0.791
0.751
0.671
0.665
0.00342
0.591
0.598
0.0299
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Table F.1: Full Regression Summary Statistics

Industry
11
21
22
23
31
42
44
48
51
52
53
54
55
56
61
62
71
72
81
211
324
486

Consumer

Cost Share R? MM
0.932
0.42
0.82
0.689
0.869
0.333
0.331
0.421
0.612
0.603
0.731
0.866
0.558
0.829
0.864
0.86
0.84
0.845
0.865
0.754
0.205
0.422
0.766

Cost Share R? MP
0.973
0.953
0.821
0.958
0.957
0.633
0.63
0.886
0.952
0.932
0.957
0.905
0.968
0.868
0.902
0.903
0.899
0.873
0.896
0.915
0.862
0.887
0.444

Cost Share R? MO
0.624
0.321
0.062
0.405
0.34
0.901
0.898
0.871
0.556
0.931
0.849
0.89
0.913
0.948
0.884
0.888
0.885
0.883
0.884
0.0465
0.526
0.871
0.0685
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Table F.1: Full Regression Summary Statistics

Industry
11
21
22
23
31
42
44
48
51
52
53
54
55
56
61
62
71
72
81
211
324
486

Consumer

Cost Share R? MS
0.933
0.685
0.487
0.904
0.929
0.844
0.839
0.919
0.458
0.793
0.642
0.947
0.755
0.936
0.949
0.952
0.828
0.857
0.799
0.724
0.787
0.922
0.201

Cost Share R? M
0.765
0.522
0.681
0.303
0.348
0.538
0.64
0.115
0.161
0.75
0.264
0.449
0.853
0.29
0.402
0.459
0.641
0.428
0.282
0.407
0.14
0.151
0.939

Cost Share R? E
0.874
0.389
0.136
0.821
0.248
0.665
0.679
0.855
0.379
0.839
0.739
0.46
0.657
0.103
0.702
0.446
0.126
0.625
0.39
0.31
0.296
0.672
0.939
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Table F.1: Full Regression Summary Statistics

Industry
11
21
22
23
31
42
44
48
51
52
53
54
55
56
61
62
71
72
81
211
324
486

Consumer

Cost Share R? K
0.941
0.168
0.0756
0.621
0.0021
0.294
0.321
0.606
0.0313
0.468
0.622
0.522
0.685
0.309
0.189
0.513
0.567
0.0313
0.351
0.4
0.713
0.584

na

Cost Share R? L
0.509
0.769
0.415
0.652
0.184
0.876
0.878
0.462
0.752
0.415
0.402
0.554
0.436
0.593
0.629
0.557
0.642
0.562
0.616
0.51
0.456
0.61

na

Cost Share R? N
0.000207
0.591
0.847
0.165
0.392
0.36
0.369
0.73
0.599
0.245
0.44
0.586
0.243
0.642
0.557
0.57
0.568
0.493
0.549
0.526
0.657
0.733

na
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Table F.1: Full Regression Summary Statistics

Industry
11
21
22
23
31
42
44
48
51
52
53
54
55
56
61
62
71
72
81
211
324
486

Consumer

Cost R? KLEM
0.983
0.972
0.987
0.998
0.995
0.989
0.998
0.993
0.991
0.998
0.999
0.998
0.996
0.998
0.998
0.998
0.998
0.998
0.999
0.971
0.985
0.995

na

Under ID P-Value (%) MOT  Under ID P-Value (%) MSS

1.34 0.00139
1.34 0.00139
1.34 0.00139
1.34 0.00139
1.34 0.00139
1.34 0.00139
1.34 0.00139
1.34 0.00139
1.34 0.00139
1.34 0.00139
1.34 0.00139
1.34 0.00139
1.34 0.00139
1.34 0.00139
1.34 0.00139
1.34 0.00139
1.34 0.00139
1.34 0.00139
1.34 0.00139
1.34 0.00139
1.34 0.00139
1.34 0.00139
17.5 4.54
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Table F.1: Full Regression Summary Statistics

Industry ~ Under ID P-Value (%) MM Under ID P-Value (%) MP Under ID P-Value (%) MO

11 0.0128 0.0121 0.000146
21 0.018 0.0121 0.000921
22 0.459 0.0121 0.0107
23 0.00836 0.0121 5.88e-05
31 0.0298 0.0121 0.000113
42 0.0308 0.0121 6.97e-05
44 0.0309 0.0121 6.96e-05
48 0.0575 0.0121 0.0426
51 0.0168 0.0121 0.000142
52 0.0264 0.0121 0.0012
93 0.0175 0.0121 0.000692
54 0.0117 0.0121 0.000106
%) 0.0266 0.0121 0.00123
56 0.017 0.0121 0.00367
61 0.0117 0.0121 0.000104
62 0.0113 0.0121 0.000124
71 0.00992 0.0121 0.000214
72 0.0124 0.0121 9.33e-05
81 0.0122 0.0121 0.000119
211 0.00621 0.0121 0.00032
324 0.0631 0.0121 0.000789
486 0.0577 0.0121 0.0426

Consumer 72 36.3 1.34
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Table F.1: Full Regression Summary Statistics

Industry ~ Under ID P-Value (%) MS Under ID P-Value (%) M Under ID P-Value (%) E
11 0.116 3.59 0.00806
21 0.116 0.00297 0.00806
22 0.117 0.000468 0.00806
23 0.119 0.00899 0.00806
31 0.118 0.0174 0.00806
42 0.117 0.00231 0.00806
44 0.117 0.00149 0.00806
48 0.117 0.000521 0.00806
o1 0.118 0.00452 0.00806
52 0.116 0.000213 0.00806
93 0.116 0.00024 0.00806
54 0.117 0.00018 0.00806
95 0.116 0.000213 0.00806
56 0.117 0.000421 0.00806
61 0.117 0.000192 0.00806
62 0.117 0.000265 0.00806
71 0.117 0.000188 0.00806
72 0.117 0.00021 0.00806
81 0.117 0.000206 0.00806
211 0.116 0.00172 0.00806
324 0.117 0.00794 0.00806
486 0.117 0.000538 0.00806

Consumer 21.2 76.5 79.7
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Table F.1: Full Regression Summary Statistics

Industry
11
21
22
23
31
42
44
48
51
52
53
54
55
56
61
62
71
72
81
211
324
486

Consumer

Under ID P-Value (%) KLEM  Weak Stat MOT

0.108
0.0436
0.00202
7.14e-05
0.0211
17.7
17.8
0.293
5.78e-05
0.299
0.961
30.8
0.308
18.2
21.8

25

294
32.1
22.9
1.98
4.53
0.297
27

2.1
2.1
2.1
2.1
2.1
2.1
2.1
2.1
2.1
2.1
2.1
2.1
2.1
2.1
2.1
2.1
2.1
2.1
2.1
2.1
2.1
2.1
0.455

Weak Stat MSS
9.64
9.64
9.64
9.64
9.64
9.64
9.64
9.64
9.64
9.64
9.64
9.64
9.64
9.64
9.64
9.64
9.64
9.64
9.64
9.64
9.64
9.64
1.2
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Table F.1: Full Regression Summary Statistics

Industry
11
21
22
23
31
42
44
48
51
52
53
54
55
56
61
62
71
72
81
211
324
486

Consumer

Weak Stat MM
4.71
4.42
2.12
5.11
4
3.97
3.97
3.49
4.48
4.1
4.44
4.8
4.09
4.47
4.8
4.83
4.95
4.74
4.76
5.4
3.42
3.49
0.0464

Weak Stat MP
4.77
4.77
4.77
4.77
4.77
4.77
4.77
4.77
4.77
4.77
4.77
4.77
4.77
4.77
4.77
4.77
4.77
4.77
4.77
4.77
4.77
4.77
0.125

Weak Stat MO
14.2
10.4
6.68
16.6
14.8
16.1
16.1
5.08
14.3
9.9
10.9
15
9.85
8.12
15
14.6
13.3
15.3
14.7
12.4
10.6
5.08
3.87
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Table F.1: Full Regression Summary Statistics

Industry
11
21
22
23
31
42
44
48
51
52
53
54
55
56
61
62
71
72
81
211
324
486

Consumer

Weak Stat MS
2.99
2.99
2.98
2.97
2.97
2.98
2.98
2.98
2.97
2.99
2.99
2.98
2.99
2.98
2.98
2.98
2.98
2.98
2.98
2.99
2.98
2.98
0.375

Weak Stat M
1.06
6.17
8.5
5.04
4.45
6.45
6.96
8.35
5.72
9.73
9.53
10
9.73
8.66
9.9
9.37
9.94
9.75
9.78
6.8
5.16
8.3
0.0128

Weak Stat E
5.15
5.15
5.15
5.15
5.15
5.15
5.15
5.15
5.15
5.15
5.15
5.15
5.15
5.15
5.15
5.15
5.15
5.15
5.15
5.15
5.15
5.15
0.0143
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Table F.1: Full Regression Summary Statistics

Industry ~ Weak Stat KLEM Nonnegative (%) 48 Nonnegative (%) 42
11 3.04 100 100
21 3.7 100 100
22 6.6 100 100
23 11.7 100 100
31 4.28 100 100
42 0.412 100 100
44 0.41 100 100
48 2.39 100 100
o1 12.2 100 100
52 2.37 100 100
93 1.71 100 100
54 0.231 100 100
95 2.36 100 100
56 0.401 100 100
61 0.341 100 100
62 0.296 100 100
71 0.245 100 100
72 0.218 100 100
81 0.324 100 100
211 1.34 100 100
324 0.953 100 100
486 2.38 100 100

Consumer 0.477 100 100
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Table F.1: Full Regression Summary Statistics

Industry
11
21
22
23
31
42
44
48
51
52
53
54
55
56
61
62
71
72
81
211
324
486

Consumer

Nonnegative (%) 44
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100

Nonnegative (%) 54
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100

Nonnegative (%) 81
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
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Table F.1: Full Regression Summary Statistics

Industry
11
21
22
23
31
42
44
48
51
52
53
54
55
56
61
62
71
72
81
211
324
486

Consumer

Nonnegative (%) 52
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100

Nonnegative (%) 11
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100

Nonnegative (%) 31
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
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Table F.1: Full Regression Summary Statistics

Industry
11
21
22
23
31
42
44
48
51
52
53
54
55
56
61
62
71
72
81
211
324
486

Consumer

Nonnegative (%) 21
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
99
100
100
100
100
100

Nonnegative (%) N
99.8
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100

Nonnegative (%) 61
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
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Table F.1: Full Regression Summary Statistics

Industry
11
21
22
23
31
42
44
48
51
52
53
54
55
56
61
62
71
72
81
211
324
486

Consumer

Nonnegative (%) 62
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100

Nonnegative (%) 71
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100

Nonnegative (%) 72
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
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Table F.1: Full Regression Summary Statistics

Industry
11
21
22
23
31
42
44
48
51
52
53
54
55
56
61
62
71
72
81
211
324
486

Consumer

Nonnegative (%) 23
100
98.1
100
100
100
100
100
98.8
100
100
100
100
100
100
100
100
100
100
100
100
97.9
99
100

Nonnegative (%) 53
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100

Nonnegative (%) MOT
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
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Table F.1: Full Regression Summary Statistics

Industry
11
21
22
23
31
42
44
48
51
52
53
54
55
56
61
62
71
72
81
211
324
486

Consumer

Nonnegative (%) MSS
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100

Nonnegative (%) 51
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100

Nonnegative (%) 55
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
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Table F.1: Full Regression Summary Statistics

Industry
11
21
22
23
31
42
44
48
51
52
53
54
55
56
61
62
71
72
81
211
324
486

Consumer

Nonnegative (%) 56
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100

Nonnegative (%) MM
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100

Nonnegative (%) MP
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
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Table F.1: Full Regression Summary Statistics

Industry ~ Nonnegative (%) MS Nonnegative (%) MO Nonnegative (%) 211
11 100 100 95.8
21 100 100 100
22 100 100 100
23 100 100 96.2
31 100 100 100
42 100 100 99.7
44 100 100 99.7
48 100 100 100
o1 100 100 96.9
52 100 100 95.8
93 100 100 99.8
54 100 100 99.7
%) 100 100 95.3
56 100 100 100
61 100 100 99.3
62 100 100 100
71 100 100 100
72 100 100 99.5
81 100 100 99.1
211 100 100 100
324 100 100 100
486 100 100 100

Consumer 100 100 100
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Table F.1: Full Regression Summary Statistics

Industry
11
21
22
23
31
42
44
48
51
52
53
54
55
56
61
62
71
72
81
211
324
486

Consumer

Nonnegative (%) 22
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100

Nonnegative (%) 324
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
97.2
100
100
100

Nonnegative (%) 486
99.8
100
97
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
99.8
100
100
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Table F.1: Full Regression Summary Statistics

Industry
11
21
22
23
31
42
44
48
51
52
53
54
55
56
61
62
71
72
81
211
324
486

Consumer

Nonnegative (%) K
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100

Nonnegative (%) L
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100

Nonnegative (%) E
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
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