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Executive Summary

West Virginia s economy is concentrated in energy-producing and energy-consuming sectors. The
date' s energy-intensive economy evolved in response to abundant supplies of comparatively low-cost
energy — cod, natura gas, and dectricity. Thus, the sate and the welfare of its resdents are
particularly sengtive to events that change the behavior of energy markets.

There are presently severd prospective changesin public policy that could have large effects on cod
and ectricity marketsin West Virginiaand nationdly. A natural response to any of these recent or
prospective policiesisto ask, “What kind of impacts will this have in West Virginia s energy markets?’
Furthermore, “With the state economy so dependent on energy-intensive industries, what could this
policy do to broader measures of state economic activity, such as employment, GSP, persona
incomes, or population?’ This report addresses those questions for Phase 11 SO, redtrictions under
TitleV of the 1990 Clean Air Act Amendments. Companion reports examine the impacts on West
Virginid s economy of EPA’sNO, SIP Cdl and of the Kyoto Protocol.

Phase Il SO, Limits under Title IV of the Clean Air Act Amendments

Title IV of the 1990 Clean Air Act Amendments (CAAA) introduced controls on electric power plant
emissons of SO, and NO, in order to reduce the incidence of acid rain. For SO,, the CAAA dso
introduced the innovation of nation-wide trading in SO, emission adlowances. Each dlowance givesa
covered dectric generating unit the right to emit one ton of SO,. Utilities can use an dlowance a the
originaly alocated generating unit, transfer it to another generating unit, sdll it, or bank it for usein future
years.

TitlelV SO, controls are introduced in two phases. In Phase |, starting in January 1995, 261 “Table
A” generating unitsin 110 plants were required to participate. These units received annua SO,
emission alowances based on arate of 2.5 lbs/mmBtu (pounds per million British thermd units) times
their basdine annua heet input averaged from the 1985 - 1987 period. Nearly hdf of West Virginia's
generating cagpacity including the Albright (Unit 3), Fort Martin, Harrison, Kammer, Mitchdl, and Mt.
Storm plants were required to participate in Phase |. Trading of allowances has been vigorousin Phase
|. Allowance prices have been aslow as $66 at EPA’s 1996 auction, but had increased to $189 by
early August of 1999. Many alowances have been banked for use under Phase I1's more stringent
limits

Phase |1 beginsin January of 2000 and tightens the standard SO, emisson rate while expanding
coverage broadly. Nearly every existing eectric generating unit over 25 MW and al new units are
required to participate. Allowance dlocations will generdly be based on 1.2 IbssfmmBtu timesthe
1985-1987 basdline. Under Phase 11 owners of dectric generating unitswill have four options they can
use to comply with Title IV’s SO, requirements: 1) acquire and surrender alowances equd to the
quantity of SO, emissons, 2) switch to fuds with lower sulfur content; 3) ingdl flue gas desulfurization
(scrubber) equipment; or 4) retire the plant.



Study Process

There are three basic e ements that must be brought together in a specific logical sequence to produce
the impact estimates. Thefirg of theseisamodd of West Virginia s economy that conssts of a
mathematica representation of the relationships among different parts of the economy — household
consumption, investment, production, employment, wages, prices, incomes, population migration,
production costs, and so forth. This study uses the REMI modd of West Virginia s economy. The
second basic dement is abasdine scenario that describes what West Virginia s economy would look
like without the Phase Il SO, limits. Running the basdline scenario through the REMI model crestesa
control forecast. The third basic lement in the study processis a policy scenario describing the direct
effects Phase |1 would have on West Virginid s economy. The study used three types of information to
develop the Phase |1 SO, scenario and to trandate that scenario into policy variables that can be
inserted in aREMI smulaion. These were 1) energy indudtry datistica profiles, primarily from the
U.S. Energy Information Adminigration; 2) prior sudies of CAAA Title IV SO, limitsand SO,
emission dlowance markets, and 3) advice from members of an Advisory Board convened for the
sudy. Thefind stagein the study process was to use the REMI model to smulate an dternative
forecast based on the Phase |1 scenario. Comparing the policy scenario forecast with the control
forecast reved s the estimated economic impacts of Phase Il SO, emisson limits

Economic impacts are changesin the leve of activity or some other atribute (e.g., wage rates) of an
economy that are attributable to some policy or event. Impacts are not the same as benefits or cogts. In
benefit-cost sudies a benefit is the amount people would be willing to pay to make a specific event
happen or to acquire agood or service. A cogt isthe amount people would be willing to pay to avoid
occurrence of a pecific event or to avoid giving up something of vaue. (This definition of cost is
different from, but related to, the common definition of cost as what someone pays to acquire
something.) An impact may be a benefit (lower food prices), acost (increased incidence of illness
requires greater expenditures on hedth care), or neither (employment shifts from one industry to
another with no change in wage rates).

Direct Impact Scenario

The policy scenario of Phase II’ s direct impacts conssts of severd elements. Firdt, the Mount Storm
eectric generating plant isingaling a new flue gas desulfurization unit (* scrubber”). Second, the
broader and more stringent SO, emission standards in Phase || may further change the balance
between low-sulfur and high-sulfur codsin West Virginiaand nationd markets. Third, the cost of
producing cod-fired dectricity will increase, either to operate and amortize the SO, scrubbers or to
purchase SO, dlowances to cover uncontrolled excess emissions. Thisin turn leads to the fourth direct
impact — the price of dectricity in West Virginiawill increase, both in absolute terms and rdlative to
nationd average prices.

The scenario for Phase |1 of Title IV SO, standards can be summarized with values for capital
expenditures on scrubbers, the reduction in West Virginia cod sdes, the price of SO, emisson



alowances, and the increase in the price of dectricity compared to basdine prices:
Capital Codts: $166 million
Changein West Virginia Cod Sdes -5.0% to domestic, out-of-state markets
SO, Emission Allowance Price: $90/ton Phase | basdine
$150/ton in 1998
$190/ton in 1999
$200/ton in 2000
$303/ton in 2010
$240/ton in 2020
Electricity Price Incresse: 0.8 to 2.9 millgkwh
There are severa direct impacts of Phase |l that are not included in this scenario because therr likely
meagnitudes are smdl and/or the information available to quantify them islimited. These include lime
purchases for scrubber operation, shiftsin the mix of fuels used to generate eectricity, utility windfals
from digtribution of emission dlowances, reductionsin nationa dectricity consumption due to higher
prices, labor productivity gains brought about by improved hedth, and improvements in agricultural and
foredry yields.

Since the Clean Air Act Amendments of 1990 are on the books and the regulations for Phase 11 of Title
IV’s SO, provisons are s, thereis no uncertainty that the policy will be implemented starting in 2000.
Nevertheless, there are some uncertainties pertaining to other environmenta policies that may interact
with the SO, provisons of Title IV, future prices of SO, emission allowances, and the market for West
Virginiacod.

Economic Impacts of Phase |1 SO, Limits

Table ES beow summarizes results from the study.

TableES
Economic Impactsof Phase |l SO, Limits
2000 2005 2010 2020
Output (millions of 1992 $) -260 -341 -415 -464
GSP (millions of 1992 $) -170 -225 -273 -305
Employment -2,200 -2,700 -3,000 -2,800
Annua Wage Rate ($) -28 -30 -18 8
Wages & Sdaies (millions $) -70 -94 -109 -122
Per CapitaIncome (1992 $) -38 -18 -11 7
Population -1,100 -4,300 -6,000 -6,600
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Introduction: West Virginia's Energy | ntensive Economy

West Virginia s economy is concentrated in energy-producing and energy-consuming sectors. The
date' s energy-intensive economy evolved in response to abundant supplies of comparatively low-cost
energy — cod, naturd gas, and dectricity. For example, in 1997 indudtrid customersin West Virginia
paid an average of $2.91 per thousand cubic feet for natural gas compared to $3.59 nationaly,* and in
1998 they paid an average of 3.8 ¢/kWh (cents per kilowatthour) for eectricity compared to 4.5
¢/KWh nationdly.?

Table 1 illugtrates the importance of energy to West Virginia s economy with data on employment,
employee earnings, and gross state product (GSP) for sdlected industriesin 1997. Cod mining, oil and
gas extraction, naturd gas digtribution, and dectricity are the stat€' s mgjor energy-producing industries.
West Virginiasold 70.4% of its electricity generated in 1998 and 83.1% of its cod production in 1997
out-of-state.® So in addition to being large, dectricity and cod are important parts of the state’ s export
base. The four manufacturing industries (out of twenty) in Table 1 each include sectors that spend over
5% of their revenues on eectricity purchases. Primary aluminum spends 20.5%, cement 10.6%, carbon
and graphite products 5.5%, and reconstituted wood products 5.5% of revenues on electricity.*
Combined, just the eight listed energy-intensve industries accounted for 9.7% of employment, 24.0%
of employee earnings, and 27.1% of GSP in the entire State economy!

Because large parts of West Virginia' s economy are based on abundant, low-cost energy, the state and
the welfare of its residents are particularly sendtive to events that change the behavior of energy
markets. There are presently severd prospective changes in public policy that could have large effects
on coa and eectricity marketsin West Virginiaand nationdly. Mog, but not al, of these are proposed
or pending environmenta regulations. These prospective policy changesinclude: 1) the start in 2000 of
Phase |1 of the 1990 Clean Air Act Amendments (CAAA) restrictions on SO, emissons to control
acidrain; 2) the U.S. Environmentd Protection Agency’s (EPA) NO, State Implementation Plan (SIP)
Cdll, which would reguire the state to reduce NO, emissons, 3) the Kyoto Protocol to limit emissons
of greenhouse gases, notably CO,; 4) additiond restrictions on the scope of mountaintop remova coa
mining and associated valey fills, 5) restructuring of eectricity markets and the introduction of

1U.S. Energy Information Administration, Natural Gas Annual 1997, October 1998, Table
27.

2U.S. Energy Information Administration, Electric Power Annual 1998 Volume 1, Table
A15.

3Computed from datain U.S. Energy Information Administration, Electric Power Annual
1998 Volume 1, Tables Al and A11 and Coal Industry Annual 1997, Tables 61 and 62.

“Minnesota IMPLAN Group, 1994 U.S. Sructural Matrices.



competition;® and 6) rail competition leading to lower costs of transporting low-sulfur cod from
Wyoming's Powder River Basin. A natural response to any of these recent or prospective policiesisto
ask, “What kind of impacts will this have in West Virginia s energy markets?’ Furthermore, “With the
state economy so dependent on energy-intensive industries, what could this policy do to broader
measures of state economic activity, such as employment, GSP, persond incomes, or population?’

This report addresses those questions for Phase [l SO, redtrictions under Title IV of the CAAA.
Companion reports examine the impacts on West Virginia s economy of EPA’s NO, SIP Call and of
the Kyoto Protocol.® The next section describes the Phase 11 SO, emission regtrictions. The following
section gives an overview of the process used in this study, including subsections describing the REMI
modd of West Virginia s economy, and discussing the nature and interpretation of impacts. The fourth
section details the scenario used to describe the Phase [l SO, limits' direct impacts and contains a
subsection about potentia aternatives to the selected scenario. The body of the report concludes with
total (economy-wide) impact estimates for avariety of variables. An gppendix covers some of the
technica details encountered in developing the direct impact scenario.

Phase Il SO, Limitsunder Title!lV of the Clean Air Act Amendments

Title IV of the 1990 Clean Air Act Amendments (CAAA) introduced controls on electric power plant
emissons of SO, and NO, in order to reduce the incidence of acid rain. For SO,, the CAAA dso
introduced the innovation of nation-wide trading in SO, emission adlowances. Each dlowance givesa
covered dectric generating unit the right to emit one ton of SO,. Utilities can use an dlowance a the
originaly alocated generating unit, transfer it to another generating unit, sdll it, or bank it for usein future
years. This creates amarket for SO, emissons, rather than having the EPA control the actud emissons
of each unit. Because generating units where SO, reductions are expensive can acquire alowances
from units where the emission reductions are less codtly, tota SO, emissons can be reduced to the
desired leve at the least possible aggregate cost.

SFor more on issues pertaining to eectric industry restructuring in West Virginia, see West
Virginia Univergity, Electric Industry Restructuring Research Group, Electric Industry Restructuring:
Opportunities and Risks for West Virginia, Reports 1-5, various dates July 1997 through September
1998.

®*Greengtrest, David, Impacts of Phase |1 SO, Emission Restrictions on West Virginia's
Economy, West Virginia University, Bureau of Business and Economic Research, December 1999 and
Greengreet, David, Impacts of the Kyoto Protocol on West Virginia's Economy, West Virginia
University, Bureau of Business and Economic Research, December 1999.



Title IV SO, controls are introduced in two phases.” In Phase |, garting in January 1995, 261 “Table
A” generating unitsin 110 plants were required to participate. These units received annud SO,
emisson alowances based on arate of 2.5 lbsmmBtu (pounds per million British thermad units) times
their baseline annua heet input averaged from the 1985-1987 period. The Table A units have at least
100 MW capacity and previoudy emitted SO, at arate greater than 2.5 IlbsmmBtu. Table A
incorporates nearly haf of West Virginia s generating capacity including the Albright (Unit 3), Fort
Martin, Harrison, Kammer, Mitchell, and Mt. Storm plants.® Phase | also covers units that opt in either
as subgtitute Sites for SO, reductions (167 unitsin 1995) or as units that compensate for reduced
power generdtion at a Table A unit (7 unitsin 1995). In West Virginia, the Albright (Units 1 and 2),
Pleasants, Rivesville, and Willow Idand plants have opted in. Trading of alowances has been vigorous
in Phase |. The CAAA requires the EPA to hold back 2.8% of alowances to conduct an annua
auction, but severd private exchanges have generated most of the trading volume. Allowance prices
have been aslow as $66 at EPA’s 1996 auction, but had increased to $189 by early August of 1999.°
Many dlowances have been banked for use under Phase II’s more stringent limits. In 1995 the 435
Phase | units received 8.7 million tons of SO, dlowances, but only emitted 5.3 million tons.° In 1996
covered units received 8.1 million tons of alowances and emitted only 5.4 tons of SO,.1*

Phase |l beginsin January of 2000 and tightens the standard SO, emisson rate while expanding
coverage broadly. Nearly every existing eectric generating unit over 25 MW and al new units are
required to participate, adding gpproximately 2,200 plants. Allowance alocations will generdly be

"Useful summaries of the SO, provisions of Title |V appear in U.S. Energy Information
Adminigration, The Effects of Title IV of the Clean Air Act Amendments of 1990 on Electric
Utilities: An Update, March 1997 and in asymposium on SO, Trading in Journal of Economic
Perspectives, 12(3), Summer 1998. The Massachusetts Indtitute of Technology, Center for Energy
and Environmental Policy Research, http://web.mit.edu/ceepr/iwww/, has produced many working
papers on Title IV SO, trading and Resources for the Future, http://mww.rff.org/, has aso produced
severa discussion papers.

8U.S. Energy Information Administration, The Effects of Title IV of the Clean Air Act
Amendments of 1990 on Electric Utilities: An Update, March 1997, Table B1.

®For more extensive discussion of alowance prices see the Uncertainties sub-section below.

Ellerman, Denny A. et d, Emissions Trading Under the U.S. Acid Rain Program:
Evaluation of Compliance Costs and Allowance Market Performance, Massachusetts I nstitute of
Technology, Center for Energy and Environmenta Policy Research, 1997, page 10.

1Ellerman, Denny A., Paul L. Joskow, and Richard Schmalensee, 1996 Update on
Compliance and Emissions Trading under the U.S. Acid Rain Program, Massachusetts Ingtitute of
Technology, Center for Energy and Environmenta Policy Research, page 2.


http://web.mit.edu/ceepr/www
http://www.rff.org

based on 1.2 IbsmmBtu times the 1985-1987 basdline, dthough there are severd complicating detalls.
Because Phase 11 will cover dl generaing units, it will effectively cgp SO, emissonsat aleve no
greater than the sum of annud dlocations and any remaining banked dlocations from earlier years. The
new emisson alowances will total 9.4 million tons annudly from 2000 through 2009 and 8.95 tons
annually thereafter.1?

Under Phase Il owners of eectric generating units will have four options they can use to comply with
Title IV’s SO, requirements. 1) acquire and surrender alowances equd to the quantity of SO,
emissions, 2) switch to fudswith lower sulfur content; 3) ingal flue gas desulfurization (scrubber)
eguipment; or 4) retire the plant.* Economic considerations will determine the mix of compliance
options selected for each unit. Because alowances can be bought and sold, the opportunity cost of
using dlowanceswill equd their market price regardiess of whether a unit uses more or fewer
adlowances than originaly dlocated.** Switching fuels can involve blending, or entirdly subdtituting, low-
sulfur cod for higher-sulfur cod previoudy in use. Because for many power plants low-sulfur cod is
more expensive, the difference in the cost of the low- and high-sulfur cod isaTitle IV compliance cogt.
Another type of fuel switching replaces cod with natura gas, ether completely or partidly with cofiring.

Scrubbersinject an dkaline sorbent, usudly lime or limestone, into the flue gas. The SO, reacts
chemically with the sorbent leaving a solid by-product, usualy gypsum, which is removed. Scrubbers
are highly effective in removing SO, and a scrubbed power plant will invariably have more dlocated
emission alowances than it needs for its own operation. Wet scrubbers can reliably remove 95% of
SO, and sometimes as much as 99%, while dry scrubbers can frequently remove more than 90%.%

2Fllerman, Denny A. et al, Emissions Trading Under the U.S. Acid Rain Program:
Evaluation of Compliance Costs and Allowance Market Performance, Massachusetts I nstitute of
Technology, Center for Energy and Environmenta Policy Research, 1997, page 9.

BUnlike Phase |, under Phase 11 opting in dternative substitution or compensating unitsis not
gpplicable because dl generating units are required to participate.

14An opportunity cost isthe value of the best dternative use of aresource. If aunit needs extra
alowances, they must be acquired a a cost determined by the market. If a unit has extra alowances,
they can be sold to generate income or banked to be used or sold in alater period. (In practice,
regulatory and tax congtraints complicate this relationship between the market price of alowances and
ther vaue to generding unit owners.)

®U.S. Energy Information Administration, The Effects of Title IV of the Clean Air Act
Amendments of 1990 on Electric Utilities: An Update, March 1997, page 10.



Study Process

Figure 1, provided by REMI, summarizes the process for estimating economic impacts used in this
sudy. There are three basic e ements that must be brought together in a specific logica sequence to
produce the impact estimates. Thefirgt of theseisamodd of West Virginia s economy that conssts of
amathematica representation of the relationships among different parts of the economy — household
consumption, investment, production, employment, wages, prices, incomes, population migration,
production costs, and so forth. This permits andyss of how a changein one part of the economy, an
increase in eectricity prices for example, propagates throughout the entire economy by way of these
relationships. This study uses the REMI modd of West Virginid s economy, as represented by the
center box in Figure 1.1° The following subsection describes the structure of the REMI mode in more
detail.

The second basic dement is a basdine scenario that describes what West Virginia s economy would
look like without Phase Il SO, redtrictions. The upper right-side box in Figure 1 shows that this
basdine scenario is described in terms of vaues of policy variables. Policy varidbles consst of the
Seitings — equation parameters, initial values of economic variables, and forecadts of exogenous
conditionsin the nationa economy — that the REMI mode uses asinput in order to smulate an annua
forecast of the state’s economy. The control forecast represented in the lower right-side box is
samulated from the basdine scenario’s predicted vaues for policy variables. REMI comes with a default
basdline scenario and control forecast extrapolated from current economic conditions without any
changesin public policy or externa factors.

For this study the basdine scenario and control forecast contain one change from the REMI default.
Cod from Wyoming's Powder River Basin (PRB) isinexpensve to mine and low in sulfur, but hasa
high ash content and is remote from most markets. Due to improvementsin ral trangportation and fine-
tuning of dectric generating unit boilers, PRB cod is becoming increasngly competitive in Midwestern
and even Eastern markets. At the same time, inflation-adjusted nationd cod mine revenues will be flat
or decreasing. Even though tons of coa produced has increased at an annual average rate of 1.5%
nationdly between 1988 and 1997 (2.0% in West Virginia), faling prices mean thet red (i.e. inflation-
adjusted) revenues have decreased at an annua average rate of -3.6% (-1.6% in West Virginia).'’
Furthermore, there are dmost no announced plans for investmentsin new coa-fired eectric generating
unitsin spite of continued growth in the market for dectricity.

15T he specific verson is REMI Policy Insight, WV State Model EDFS-53, Version 1.0
released September 1998, which is cdibrated with historical data through 1996.

Free on board adjusted to 1992 dollars using the implicit Gross Domestic Product deflator.
Cdculated from U.S. Energy Information Adminigtration, Coal Industry Annual 1997, Tables 1 and
81.



Consequently, REMI’ s basdline forecast of 1.0% annual growth from 1996 to 2020 in West Virginia
real cod revenues appears much too optimigtic. Instead, the adjusted basdline forecast for this study
assumes thet rea revenues from in-state and foreign cod shipments remain steady. Revenues from out-
of-state domestic coa shipments are assumed to decrease from 1996 by 5% in 2000, 15% by 2010,
and 20% by 2020. Since 1997 domestic out-of-state coal shipments were 60.75% of all coa
shipments originaing in West Virginia'8 this amounts to a decrease of 3.0% in real cod output by
2000, 9.1% by 2010, and 12.2% by 2020.

The third basic eement in the study processis a policy scenario describing the direct effects that Phase
Il SO, restrictions would have on West Virginid s economy. Thisis the top box in Figure 1. The upper
left-sde box shows that this scenario has to be expressed in terms of the REMI modd’ s policy
variables. The study used three types of information to develop the Phase 11 SO, scenario and to
trandate that scenario into policy variables that can be inserted into a REMI smulation. These were: 1)
energy indudtry satidtica profiles, primarily from the U.S. Energy Information Adminigtration; 2) prior
sudies of CAAA Title IV SO, limits and SO, emisson dlowance markets, and 3) advice from
members of an Advisory Board convened for the study.

This study’s Advisory Board consisted of 21 individuals with a background in some aspect of West
Virginid s energy markets or environmentd policy. The members had diverse backgrounds including
date environmental and utility regulatory officias, representatives of the West Virginia Legidature and
Governor's Office, dectric utility staff, rallroad cod market managers, representatives of mining and
manufacturing trade associations, an engineering consultant, a private lawyer specidizing in
environmental issues, a union representative, members of environmenta advocacy groups, and
academics. Fifteen of the Advisory Board members attended an afternoon seminar that included a
discussion of the Phase 1 SO, limits and the probable magnitudes of their direct impacts on the Sate
economy. Severad members provided specific information based on their professona knowledge
and/or references to additional reports and sources of information. Each Advisory Board member
received a draft copy of this report for review.®

The final stage in the study process, as represented by the lower |eft-side and bottom boxes in Figure 1,
isto usethe REMI modd to smulate an dternative forecast based on the Phase |1 SO, scenario.

BComputed from U.S. Energy Information Adminigtration, Coal |ndustry Annual 1997,
Tables 58 and 61.

1A dvisory Board members do not necessarily endorse the study’ s conclusions. While many of
their comments were helpful, the author has sole responsibility for the fina choices made in selecting the
policy scenario and estimating economic impacts.



Comparing the scenario forecast with the control forecast reved's the estimated economic impacts of
Phase |1 SO, limits. These impacts were estimated for each year through 2020 and cover al the various
variables — household consumption, investment, production, employment, wages, prices, incomes,
population migration, production costs, and so forth — forecast by the REMI modé!.

The REMI Model

REMI is an economic-demographic forecasting and smulation model with thousands of equations and
policy variables. REMI is designed to forecast the impact of public policies and externa events on the
date' s economy and population. As described in Figure 1 earlier in this section, any combination of the
policy variables can be modified to smulate the economic and demographic impacts of a policy
scenario. REMI includes blocks on: 1) output; 2) labor and capital demand; 3) population and |abor
supply; 4) wages, prices, and profits; and 5) market shares.

Figure 2 schematicaly represents the mgor variables in each of these blocks and the rationships
among these variables. In Block 1, output in each of 53 sectorsis determined by demand —
consumption, investment, government spending, and exports — and loca market shares. Block 2
shows that factor demands for labor and capital depend on outputs and the wage rate. The red wage
rate and employment opportunities determine migration, and therefore population (by age and sex) and
labor supply in Block 3. In the fourth block employment demand and |abor supply determine
employment opportunity and the wage rate. The wage rate, in turn, drives the real wage and production
cogts, which determine profitability and prices, which affect consumer prices, which loop back to the
wagerate. In Block 5, local and export market shares depend on sectors' profitability and sales prices.

| nterpreting |mpacts

Economic impacts are changes in the leve of activity or some other atribute (e.g., wage rates) of an
economy that are attributable to some policy or event. Because an economy has many different
characteristics — output, employment, wage rates, prices, incomes— any policy will have many
different types of impacts. Regiona economists distinguish between direct and total impacts. A direct
impact isany change in an economy whose immediate cause is the policy or event in question. In this
study direct impacts are represented as changesin the REMI policy variables, which make the policy
scenario forecast differ from the control forecast. A totd impact isthe find changein a characteristic of
the economy after dl of the indirect influences work their way through the various components and
markets of the economy. With REMI, these totd impacts are equivaent to differences between the
policy scenario and control forecadts.

Impacts are not the same as benefits or costs. In benefit-cost studies a benefit is the amount people
would be willing to pay to make a specific event happen or to acquire agood or service. A cost isthe
amount people would be willing to pay to avoid occurrence of a specific event or to avoid giving up
something of vaue. The terms “benefit” and “cost” are dso goplied to the specific event, good, or



savice, itsdf.?° Generally, benefits are based on either intrinsic value to a consumer (shoes, acar, more
leisure, cleaner air), or resources saved in an existing activity so that the resources can then be used for
something else (drivers  time saved because of aroad improvement). Costs generally derive from
something intringically undesirable (increased incidence of anillness), areduction in something with
vaue, or something that increases the resources required for an existing activity.

Public policies should generdly be justified in terms of their benefits exceeding costs. The payments do
not actudly have to happen as long asindividuas would be hypotheticaly willing to make them.
Benefits and costs may or may not be tradable in markets. An impact may be a benefit (lower food
prices), acost (increased incidence of illness requires greater expenditures on hedth care), or neither
(employment shifts from one industry to another with no change in wage rates). Even when an impact is
associated with a benefit, their magnitudes need not be the same (a previoudy unemployed worker
gansajob — the job pays a sdary [an impact] but is not worth as much to the worker because she
adso lossslesuretime).

This study addresses the potentiad economic impacts of Title IV Phase Il SO, restrictions. It makes no
attempit to assess the benefits or cogts. In the case of Phase 1, it happens that most of the cogts, but not
the benefits, are tradable and appear in economic markets (e.g., operating expenses for scrubbers or
fue switching) and are therefore observable as economic impacts. This does not mean the benefits are
not redl; just that they are not as closaly associated with the impacts that can be modeled with the
techniques used in this study. For example, astudy by ateam at Resources for the Future estimates that
the health benefits of the SO, emission reductions under Title IV will be worth $171.38 per personin
West Virginiain 20102

Direct Impact Scenario
The reduced SO, emissons under Phase 11 of Title IV will have severd direct impacts on West

Virginid s economy. These direct impacts are quantified in the scenario described in this section. The
scenario describes the incremental impacts of Phase |1, that is, the dternative represented in the

29T o see the connection between an economist’s definition of cost and the common definition,
consder the example of an individua who pays a dollar (common definition of cost) to buy anice
cream cone on a hot day. Since adollar is worth adollar, the individua would be willing to pay up to a
dollar (economist’s definition of cost) in order to get the ice cream cone for “free” (i.e., to avoid giving
up the dollar used to pay for the cone). The individud may have been willing to pay up to two dollars
for the cone, making two dollars the benfit. If the individua had only been willing to pay up to fifty
cents for the cone, the purchase would not be made.

Z1Burtraw, Ddllas, e d, The Costs and Benefits of Reducing Acid Rain, Resources for the
Future, Discussion Paper 97-31-REV, September 1997, page 19.



basdline scenario and control forecast isindefinite continuation of Phase | rules. This direct policy
impact scenario can then be inserted into a REMI smulation in order to estimate the indirect and tota
impacts Phase [I might have on the state' s economy.

Scenario Elements

Frg, the Mount Storm dectric generaing plant isingtaling a new flue gas desulfurization unit
(“scrubber”). Some of thisinvestment is for on-gte congtruction that creates local economic impacts.
Thisisin addition to scrubbersingdled, a the Harrison plant for example, for Phase | compliance.

Second, the broader and more stringent SO, emission standards in Phase |1 may further change the
ba ance between low-sulfur and high-sulfur codsin West Virginiaand national markets. West Virginia
produces both low-sulfur and high-sulfur cod. However, cod from the Powder River Basn will gain
market share because of itslow sulfur content. On the other hand, more widespread adoption of
scrubbing could reduce the importance of this effect.

Third, the cost of producing cod-fired dectricity will increase compared to the basdline scenario, ether
to operate and amortize the SO, scrubbers or to purchase SO, dlowances to cover uncontrolled
excess emissons Thisincreasein eectricity production costs will be greater in West Virginiathan on
average naiondly because the Sat€' s eectricity generation capacity is amost entirely cod-fired.

Thisin turn leads to the fourth direct impact; the price of eectricity in West Virginiawill increase, both
in absolute terms and relaive to nationa average prices. For businesses, especidly dectricity-intensve
manufacturing indudtries, this means an increase in operating costs which will lead to somelossin
competitiveness. For households, this means a higher cost of living that effectively reduces the vaue of
resl incomes.

The scenario for Phase |1 of Title IV SO, standards can be summarized with values for capita
expenditures on scrubbers, the reduction in West Virginia cod sdes, the price of SO, emisson
alowances, and the increase in the price of dectricity compared to basdine prices:

Capitd Codts: $166 million
Changein West VirginiaCod Sdles. -5.0% to domestic, out-of-state markets
SO, Emisson Allowance Price: $90/ton Phase | basdine

$150/ton in 1998
$190/ton in 1999
$200/ton in 2000
$303/ton in 2010
$240/ton in 2020
Electricity Price Increase: 0.8t0 2.9 millsgkWh



These trandate into the following direct impacts entered into the REMI smulation:

Condtruction of Electric Utility Facilities: $25 million/year in 1999-2000
Changein West VirginiaCod Sdes -2.9% garting in 2000
Public Utilities Production Cogs: +0.6% dtarting in 1998 increasing to

+2.3% in 2010 then falling to
+1.6% in 2020
Industrid Electricity Costs +1.1% Sarting in 1998 increasing to
+3.9% in 2010 then fdling to
+2.7% in 2020
Commercid Electricity Codts: +0.8% dtarting in 1998 increasing to
+2.7% in 2010 then falling to
+1.9% in 2020
Price of Household Operating Expenses. +0.3% dtarting in 1998 increasing to
+0.9% in 2010 then fdling to
+0.6% in 2020
The public utilities production cogts as well asthe industrial and commercia electricity costs are eech
expressed as changesin West Virginiareative to the nation. For example, if West Virginiaindugtrid
electricity prices increased 10% while nationd industrid dectricity prices went up an average of 5%,
the REMI industrial electricity price would go up approximately 5% ({ [1.10/1.05]-1} * 100).

This scenario is based on acombination of industry gatistics, forecasts of SO, emission dlowance
prices, and utility SO, control expenditure plans. Interested readers can find a description of the
scenario’ s development in the gppendix.

Elements Not Included

There are some additiond potentia direct effects of Title IV’sPhase Il SO, limitsthat are not
consdered in this report because their likely magnitude is small and/or the information available to
quantify them islimited. Nevertheless, they should be noted for completeness. Firdt, scrubber operation
crestes demand for inputs, particularly for sorbent based on limestone or lime. How much, if any, of the
sorbent for Phase |1 scrubbers (i.e., Mount Storm) would come from in-state is unknown. Second, in
principle the increased cogts of producing eectricity in coa-fired generating units could lead to ashift in
fue demand towards natural gas. In practice thisis very unlikely because, on the one hand, most
existing coa-fired generating units have low enough operating costs to be dispatched anyhow, and on
the other hand, new cod-fired generating units are not competitive because of capital costs and
uncertainties over other environmenta restrictions (e.g., Kyoto Protocol).

Third, under competitive markets eectric generators receive awindfall when emisson alowances are
dlocated to them. Thisistrue even for a utility that uses rather than sdllsits alowances, because
competitive prices of eectricity will reflect the opportunity cost of the alowance, no matter how
acquired. Thiswindfal does not gpply under rate of return regulation, and shareholders who do benefit
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from the windfal will be scattered across the country. Therefore, the income impactsin West Virginia
will be amdl.

Fourth, the generd increase in dectricity prices will moderately reduce nationa consumption of
eectricity. Other forms of energy will replace dectricity, industry and commerce will subgtitute other
inputs for energy and energy-intensive inputs, and consumers will subgtitute away from electricity and
energy-intensive purchases. There are two ways that changes in nationd eectricity consumption can
have adirect impact on West Virginia s economy — changes in exports of cod or dectricity. Both of
these are dready accounted for in the scenario for other reasons. Coa exports are reduced because of
competition from al other fuels, notably low-sulfur Powder River Basin Cod. The REMI modd
smulates areduction in the state' s out-of-state dectricity slesin response to its increased relative cost
of producing dectricity. In addition, changesin West Virginia s eectricity prices are part of the scenario
modeled.

Findly, implementation of Phase Il will reduce amospheric SO, in West Virginia Some of the benefits
from the SO, reduction can lead to economic impacts.? Firgt, hedth of the state’ s labor force will
improve?® This, in tun, is likely to improve productivity and, consequently, both employee earnings and
busi ness competitiveness. Second, reductions in atmospheric SO, would reduce the extent of damage
to the state’ s agricultural crops and forests.?* Thus, the output and productivity of West Virginia's
agricultura and forest products sectors would improve. Unfortunately, while SO,’s hedth effects and
ability to damage crops are well documented, this sudy found no references that quantify the resulting
economic impactsin West Virginia

Uncertainties

Since the Clean Air Act Amendments of 1990 are on the books and the regulations for Phase 11 of Title

22 James K otcon of the study Advisory Board deserves credit for drawing the author’ s attention
to these impacts.

23See Burtraw, Dallas, e d, The Costs and Benefits of Reducing Acid Rain, Resources for
the Future Discussion Paper 97-31-REV, September 1997.

24See for example Davis, Donad D. and John M. Skelly, “ Growth Response of Four Species
of Eastern Hardwood Seedlings Exposed to Ozone, Acidic Precipitation, and Sulfur Dioxide,” Journal
of the Air & Waste Management Association, March 1992, 42(3), pages 309-311; Grant, William
B., “The Role of Air Pollution in the Decline and Excess Mortdity of Oaks and Hickories in the Eastern
U.S.)” inW. E. Sharpe and J. R. Drohan, eds., The Effects of Acidic Deposition on Pennsylvania’'s
Forests Environmental Resources Research Ingtitute, 1999; and Bdllani, L. M..et d, “Effects of
Simulated Acid Rain on Pollen Physiology and Ultrastructure in the Apple,” Environmental Pollution,
1997, 95(3), pages 357-362.
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IV’s SO, provisons are s, thereis no uncertainty that the policy will be implemented starting in 2000.
Furthermore, congtruction for additiona scrubbersisaready under way and Phase | trading of SO,
emission alowances, which can be banked for Phase 11, has been going on for severa years.
Nevertheless, there are some uncertainties pertaining to other environmenta policies that may interact
with the SO, provisons of Title IV, future prices of SO, emission alowances, and the market for West
Virginiacod.

EPA’ s proposed revisions to the National Ambient Air Quality Standards (NAAQS) includes
restrictions on particles finer than 2.5 microns (PM 2.5).% SO, contributes to the formation of these
fine particulates. In May the U.S. Court of Appedsfor the Digtrict of Columbia Circuit threw out the
proposed regulations based on the doctrine of non-delegation of Congressiond legidative authority and
an inadequately documented scientific rationale for the standards. It is unclear whether the PM 2.5
gtandard will be revived, and if o, how much itsimplementation would restrain SO, emissons
independent of the Title IV regulations. Smilarly, the EPA is congdering standards on regiond haze that
could potentialy lead to non-Title IV restrictions on SO, emissons.

Predicting the future price of SO, emission alowances is hazardous — <o far the allowance market has
been volatile and somewhat unpredictable. Early predictions of SO, emission alowance prices were as
high as $1,500, and through 1995 forecasts for the price in 2010 were generally over $500 (1995
prices).?® Before Phase | began in 1995, actud trades were observed for as much as $300, but the
EPA’s legidatively mandated alowance auctions cleared for the then surprisingly low prices of $157 in
1993 and $159 in 1994.%" Allowance prices continued to fal during the early stages of Phase |,
bottoming out in early 1996 at the low $70's in the open market?® and $66 in that year’s EPA auction.?®

#The sandards are an annua mean average of 15 micrograms/cubic meter and a 24-hour 65
micrograms/cubic meter based on the 98" percentile reading averaged over three years. See U.S.
Environmental Protection Agency, Regulatory Impact Analyses for the Particulate Matter and
Ozone National Ambient Air Quality Sandards and Proposed Regional Haze Rule, July 1997,

page 3-2.

5Bohi, Douglas R. and Dallas Burtraw, SO, Allowance Trading: How Experience and
Expectations Measure Up, Resources for the Future Discussion Paper 97-24, February 1997, page
10; and Burtraw, Ddlas, Cost Savings, Market Performance, and Economic Benefits of the U. S
Acid Rain Program, Resources for the Future Discussion Paper 98-28-REV, September 1998, page
3.

2’Bohi, Douglas R. and Ddlas Burtraw, SO, Allowance Trading: How Experience and
Expectations Measure Up, Resources for the Future Discussion Paper 97-24, February 1997, page
10.

2E]lerman, A. Denny, Electric Utility Response to Allowances: From Autarkic to Market-
Based Compliance, Center for Energy and Environmenta Policy Research, Massachusetts Ingtitute of
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However, in 1998 the market price for alowances ranged from $89 al the way up to $215,° and on
August 5, 1999 the price quoted on one of the main exchanges trading allowances was $189.3! Recent
(post Phase 1) forecasts of allowance pricesin 2000 range from the EIA’ s $90 (1997 prices), through
Telus Ingtitute’ s $125-$197 (1994 prices),® to ICF Kaiser’s $200.3* Recent predictions for 2010
include EIA at $293 (1997 prices), Telus Institute at $236-$418 (1994 prices), a Resources for the
Future discussion paper at $291 (1995 prices) for marginal cost,® and EPRI at $435-$498 (1995
prices) for margind cost.%® Only the EIA has published alowance price estimates past 2010 — a
decrease to $130 in 2020 (1997 prices).

The Powder River Basin in Wyoming has the largest reserves of very low sulfur cod — 24.4 billion
tons at less than 0.6 Ibs/mmBtu — in the country. Much of this cod aso happens to be inexpensve to
mine” Therefore, Powder River Basin cod has been gaining market share (30.0% of domestic

Technology, June 1998, page 6; LaCount, Robert and Todd A. Meyers, “NO, and SOx Allowance
Markets Impact Coal Prices,” Coal Age, June 1999; and ICF Kaiser as quoted in Electricity Dalily,
April 12, 1999.

2°Bohi, Douglas R. and Dalas Burtraw, SO, Allowance Trading: How Experience and
Expectations Measure Up, Resources for the Future Discussion Paper 97-24, February 1997, page
10.

OTesoriero, Paul, “Practica Applications Using Optionsin SO, Emissons Trading,” The
Emissions Trader, February 1999, page 1.

3lCantor-Fitzgerad Environmenta Brokerage Services, www.cantor.com/ebs’home.htm,
August 25, 1999.

32U.S. Energy Information Administration, Annual Energy Outlook 1999, December 1998,
page 86.

3Bernow, Stephen et a, A Sudy of the Impacts of EPA Phase Il SO, and NO, Emissions
Standards on Electrical Generation Facilitiesin the ECAR Region, Tellus Ingtitute, May 1996,

page 14.
3Asquoted in Electricity Daily, April 12, 1999.

%Carlson Curtis, et a, Qulfur Dioxide Control by Electric Utilities: What are the Gains
from Trade?, Resources for the Future Discussion Paper 98-44, page 18.

BWhite, K., The New Environmental Drivers, EPRI 1998 as quoted in Smith Anne E.,
Jeremy Flat, and A. Denny Ellerman, The Costs of Reducing Utility SO, Emissions — Not as Low
as You Might Think, August 1998, page 11.

37U.S. Energy Information Administration, Coal Industry Annual 1997, Table 105.
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shipmentsin 1997, up from 23.8% in 1993%), and the tighter SO, budgets of Phase Il are likely to
accderate this trend. On the other hand, West Virginia actualy has the second largest reserve of very
low sulfur cod — 7.2 billion tons. There do not appear to be any published studies that examine how
much, if at dl, West Virginia cod will lose additionad domestic utility market share because of PhaseI1’s
effects. The prevailing view of the project Advisory Board was that Phase |1 could affect the
competition between West Virginiaand Powder River Basin cod in out-of-state markets, but that in-
gtate mines should be able to hold on to their share of cod sdesto in-State eectric generating plants.
The 5.0% reduction in state coa saes to out-of-state domestic markets was selected as an illudtrative
impact magnitude. The actud change in Sate cod sdes due to Phase 11 will depend on avariety of
factors including utility decisions to use scrubbers or fuel switching, interactions with trangportation
cogts from Wyoming eadt, and the impact of other policies — regarding mountaintop remova mining,
for example— on West Virginia s supply of low-sulfur cod.

Economic Impacts of Phase Il SO, Limits

Figures 3 through 9 and Tables 2 through 8 summarize the Phase Il SO, limit's estimated economic
impacts on output, gross state product (GSP), employment, wage rates, tota wage and sadary earnings,
persona incomes, and population in West Virginia. The figures graph totals for both the basdline and
Phase Il SO, scenarios for each year from 1997 through 2020. The tables report results for the
illugtrative years of 1997, 2000, 2005, 2010, 2015, and 2020. The tables dso include industry divison
detail except for persona income and population, which includes age cohort detail.

Gengrd Obsarvations

Four genera observations apply across the impacted variables:

I Thetiming of the impacts reflects the timing of the Phase Il SO, scenario. Impacts beginin
1998, which isthefirg year that dectricity pricesin the policy scenario deviate from the
basdine scenario. In 1999 and 2000 stimulus from ingalation of scrubbing equipment
dampens, but does not overcome, the negative impacts from higher eectricity prices. The
negative impacts jump in 2000 as Phase |1 actudly begins and reductions in cod output enter
the policy scenario. The negative impacts continue to grow through 2010. After 2010 the
economic impacts level out as the SO, emission dlowance price peaks and then declines
dightly by 2020.

Growth in output, GSP, and especidly employment shows atemporary dowdown in 1999.
Thisisthe result of anationa dowdown — forecast annua GDP growth of 2.0% compared to
an average annud rate of 2.6% over the 1996 to 2010 period.

The magnitudes of the impacts are small compared to the overal sze of the stat€' s economy. In

3Computed from U.S. Energy Information Administration, Coal Industry Annual 1997, Table
59.
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Figures 6 (annua wagerate), 7 (wages and salaries), and 8 (per capita persond income), the
Phase |1 SO, gragph isindigtinguishable from the graph of the control forecast. Even for output
(-0.58% in 2011-2017), GSP (-0.60% in 2011-2017), population (-0.40% in 2014-2019),
and employment (-0.34% in 2010 and 2011), the largest annual impacts are much less than one
percent.®®

I West Virginid s economy would take avery long time to fully adjust to the impacts of the Phase
I1 SO, emission limits. By 2020 most of the aggregate impacts have nearly stabilized, but the
compostion of those impactsis dill evolving. Even though the direct impactsin the scenario
actudly moderate after 2010, output and GSP of mining as well as output, GSP, and
employment in services gill decrease between 2015 and 2020 at arate &t least haf the rate
they decrease between 2005 and 2010. There are two reasons that the economy responds so
dowly. Firg, it takes time for market shares of the state' s industries to change in response to
the increase in production codts. It aso takes consderable time for the labor supply to adjust
by means of out-migration.

Output and GSP

Output (Figure 3 and Table 2) and GSP (Figure 4 and Table 3) are both measures of the value of
production and behave in asmilar fashion. The results are presented in 1992 dollars to remove the
effect of inflation over the extended period of the impact amulation. Output is the sum of the vaue of
goods and services produced by each businessin the state. GSP is the value added by those businesses
while producing those goods and services. Output includes the vaue of purchased intermediate inputs
(parts, supplies, business services) that are embodied in abusiness' product or service. GSP excludes
the value of those intermediate inputs and includes only the additiond vaue that the business creates
with its factors of production (labor, capitd, land).

I The Phasell SO, emisson limit'simpacts on output and GSP start dowly in 1998 and 1999
and then jump in 2000. Mogt of this jump is tributable to impacts on mining. Mining accounts
for 58.1% of the output impact and 61.2% of the GSP impact in 2000 and continues to
experience more than half of these impacts for severa years. The Phase |1 scenario affects
mining in two ways. Firdt, thereisadirect loss of cod production due to increased competition
from low-sulfur cod from other regions. Second, the demand for cod used in West Virginia
power plantsis reduced from the basdline scenario because the higher relative price of

39Some care should be used in comparing one figure to another, because the scales on the
vertical axes were sdected to cover growth over the forecast period, and predicted growth of some
variables is much more ragpid than for others. For example, in Figure 5 the 50 thousand range of the
scdeislessthan 10% of theinitid (1997) leve of employment, while in Figure 7 the $30 hillion rangeis
nearly double the initid wages and sdaries. In percentage terms the impact on wages and sdariesin
2020 (-0.29%) is amost as large as the impact on employment
(-0.32%), but it doesn’t look that way if the scales are ignored.
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electricity reducesin-gtate eectricity consumption and dectricity exports.

I Over time the trangportation and public utilities divison's output and GSP impacts become
more sgnificant. Thisis the sector that includes dectricity. Output and GSP impacts on
trangportation and public utilities reach their maximum in 2017 when the output impact is -
$117.8 million (25.6% of total output impact) and the GSP impact is
-$71.4 million (23.6% of totd GSP impact). Demand for West Virginiadectricity fals for four
reasons. The industry’ s own market sharesfal due to the increase in production codts. Itsin-
date industrial and commercia customers' dectricity consumption falls because the price
increase reduces their market shares. Third, households' purchasing power goes down because
electricity, and products made with electricity, push up the cost of living. Over time losses of
population and personal income also reduce demand for the state' s products.

Employment

Employment impacts (Figure 5 and Table 4) pardld output and GSP impacts because businesses
employ workersin order to make their products.

I Employment impacts are spread more evenly among industry divisons than are the output and
GSP impacts. In 2000, mining still has the largest impacts (796 jobs lost), but other sectors,
especidly services and retal trade, aso experience substantiad impacts. By 2020 the
employment impacts are largest in services. In that year mining, retail trade, and government
have very smilar impact magnitudes. The employment impacts in transportation and public
utilities never reach the large shares that they have with the output and GSP impacts. The
reason employment impacts are spread more broadly is that the cod mining and dectricity
sectors are very capita-intensive, while some of the divisions affected by the generd reduction
in population and incomes (retall, services) are more labor-intengve.

I |n percentage terms, the impacts on employment are smdler than the impacts on output — -
0.26% versus -0.43% in 2000, -0.34% versus -0.57% in 2010, and -0.32% versus
-0.56% in 2020. Again, the variation in labor intengty across indudtry divisons partly explains
this pattern. In addition, the labor market’ sinitid reaction to cuts in employment is areduction
in the wage rate, which induces businesses to kegp some of the employees that would
otherwise be logt.

Wages

The annuad wage ratesin Figure 6 and Table 5 are expressed in current dollars per employee. Totd
wage and sdary earnings (Figure 7 and Table 6) are dso in current dollars for the entire West Virginia
economy. Total wages and sdariesis the product of employment and the annua wage rate, o its
impacts depend on employment and wage rate impacts.
I The annua wage rate as well as total wages and sdaries increase steadily in both the control
and Phase Il SO, scenarios. The annua wage rate starts at $20,295 in 1997 and increases to
over $45,600 by 2020. Total wage and sdary earnings grow from $17.4 billion in 1997 to
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$41.2 billion (basdline scenario) or $41.1 hillion (Phase Il scenario) in 2020.

I The annua wage rate impact is actually postive ($2.35) in 1999 during the scrubber instdlation
phase of the policy scenario due to the increase in demand for labor. Starting in 2000, as
electricity prices continue to go up and as coa production drops, the impact on wage rates
turns negative, reaching amaximum of -$33.97 in 2002. After 2002 the wage rate impacts
gradudly shrink until they turn positive in 2018, reaching $7.57 by 2020. This gradua
movement from anegative to a postive impact on annua wage rates happens because |abor
supply is adjusting to reduced employment opportunities and the increased cost of living tends
to push wage rates up.

I 1n 1999, theimpact on tota wages and sdariesis dso pogtive ($2.0 million) since the wage
rate increase more than makes up for the employment losses that year. After 2000 the impact
on wages and saaries is negative because both the wage rate and employment impacts are
negative. This negative impact on wage and sdary earnings continues to grow through 2020
because the effect of expanding employment lossesis larger than the effect of smaller wage rate
reductions. However, the smaler wage rate impacts do dow the growth of the earnings impact
in the later years.

I Inthefirg years of the new decade impacts on wage rate, and especiadly wages and sdaries,
are largest in mining, responding to the reductions in coa production. By 2020 transportation
and public utilities has the largest negative impact on wage rates and the second largest negetive
impact on earnings as demand for dectricity drops due to higher costs and prices. By 2010 the
wage rate impacts in most sectors are positive as higher living costs and adjusted |abor supply
dominate over reduced labor demand. However, wage rate impacts in transportation and
public utilities, mining, and congruction remain negative because the demand for employeesfdls
more in the occupations predominant in those industries.

Income

Persond income and per capitaincome expressed in constant dollars (1992 prices) are useful measures
of the population’s financid wdl-being (Figure 8 and Table 7). Persond income impacts depend on the
components of persond income, especialy wages and sdaries. Population changes also contribute to
impacts on per capitaincome.

I The policy scenario’simpacts on total persona income are negetive throughout the forecast
period, reaching amaximum of -$167.5 million in 2016. The negative impact on per capita
income starts faling right after the cod production shock in 2000 and actudly turns positive in
2014. Reductions in population and labor force explain this divergence in the two trends.

I Inthe early years of the forecast, changes in wage and sdary earnings explain dmost dl of the
impact on tota persond income (95.3% in 2000). Eventually, impacts on proprietors income;
dividends, interest, and rents; and transfer payments play alarger role, and earnings impacts are
not quite as important (60.9% in 2020).

I Even though real per capitaincome and disposable (i.e., after-tax) per capitaincome grow in
both the control and scenario forecasts, West Virginia s disposable per capitaincome falls
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further behind nationa per capitaincome. In 1997 the state' s digposable per capitaincomeis
88.0% of the nationa average, but by 2020 it is only 81.5% in the control scenario forecadts.

Population

Births, deeths, aging, and migration determine changesin West Virginid s population (Figure 9 and
Table 8).
I Population impacts accumulate over extended periods of time as a result of migration. The
population impact moves quickly negative between 1999 (-315 persons) and 2005
(-4,280 persons). Then, as employment opportunities and wage rates stabilize, the population
impact reaches amaximum of -6,779 in 2017 and moderates dightly by 2020.
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Appendix: Computation of Scenario Values

There are three logically connected ways to approach the costs to eectricity producers of complying
with the Title IV Phase Il SO, standards — one based on anticipated emission alowance prices, one
based on the price differential between high-sulfur and low-sulfur cod, and one based on costs of
ingtaling and operating flue gas desulfurization equipment (scrubbers). Once those compliance costs are
estimated, they can be used to calculate the impact on eectricity prices usng margina cogsin the case
of competitive dectricity markets or average codts if rate of return regulation still gpplies. From the start
of Phase Il in 2000 to the end of the forecast period in 2020, most parts of the market for electric
generation will probably be competitive.*°

With unrestrained and competitive trading, the price of alowances should equd the anticipated costs of
controlling aton of SO, at the most expensive eectric generating unit that chooses to ingtall scrubbers
or to rely on switching to lower sulfur cod. Units that would find it more expensive to ingdl controls or
switch fuel can save money by buying alowances, units that can contral their SO, emissons for less
than the going price of alowances face lower costs by ingtdling the scrubbers or switching fuds than by
buying adlowances. When deciding whether to ingtal scrubbers, the anticipated alowance price and
premiums for low-sulfur coal would be compared to the total control cost per ton of SO, induding
amortizing the capita costs, once scrubbers are ingtalled the choice to use them would depend only on
the operating costs. The average totd cost per ton of SO, controlled with scrubbers would aways be
less than the cost per ton at the most expensive unit scrubbing, and thus should dso be less than the
alowance price. System-wide, the market would drive up the price of alowances until unitsingdl
scrubbers or subgtitute low-sulfur coa to meet the aggregate SO, emisson budgets. Smilarly, in the
cod markets the price premium for low-sulfur cod will rise until the cost of the most expensive fud-
switching undertaken equdss the dternative cost of buying alowances. If fue-switching were more
atractive a the margin than dlowances, then the low-sulfur premium would rise and dlowance prices
fal until that point was reached.**

Similarly, under competition the price of dectricity would equa the margind cost of production, that is,

OSaverd dtates, including Pennsylvania, Maryland, and Ohio, have aready passed eectric
indugtry restructuring plans; the West Virginia Public Service Commission is presently conducting
hearings on features of aWest Virginia restructuring plan; FERC Orders 888 and 889 have dready
deregulated large parts of the eectricity wholesde market; and both the Administration and key
legidators have released proposals for federd legidation.

“IThe option of banking alowances for future years complicates the story, but does not
invaidate the argument. Choices to use dlowances in the current period or bank them will depend upon
electricity producers discount rate and the anticipated outcome in future years of the same set of trade-
offsthat Title IV compliance posesin the present year.

19



the incrementa cost of producing the most expensive kWh used.*? Under Phase 1 the cost of
producing that most expensive kWh will include some mix of costs for operating scrubbers, burning
low-sulfur cod, and using alowances for the remaining SO, emitted. If the mix of scrubbing, low-sulfur
cod, and alowances were efficient, then the cost of this mix should be the same as if dlowances done
were used for thislast increment of SO,. Thus, the portion of an dlowance consumed for that last SO,
increment times the alowance price would be the amount added to the margind cost of producing
electricity.*® Under competition this would also be the amount added to the price of eectricity. With
rate of return regulation, on the other hand, utilities are guaranteed a set rate of profit, and their
averaged total operating costs are one component of their regulated eectricity prices. In this case the
average tota costs of scrubbing and shifting to low-sulfur cod, adjusted for any alowances
purchased/sold, would be added to the price of eectricity. Mathematicdly, this average cost of SO,
control cannot be greater than the margina cost of SO, control that would be added to the competitive
price of eectricity.

With this reasoning in mind, it is possible to proceed with quantifying the direct impact scenario based
on the predicted price of SO, emisson dlowances. The Uncertainties subsection in the body of this
report lists some higtorical alowance prices and published estimates of future prices. The scenario
alowance pricesin 1998 and 1999 ($150/ton and $190/ton, respectively) are typical of prices actualy
observed, and the $200/ton price in 2000 is consistent with ICF Kaiser’' s recent short-term forecast
and actud pricesin late summer of 1999. Projecting forward from 2000 is more difficult. The scenario
selected is based on the alowance price changes from 2000 to 2010 and 2020 in EIA’s Annual
Energy Outlook 1999, but taking $200/ton rather than $90/ton as the starting point. This also works
out as congstent with utility banking of alowances. A competitive market with observed alowance
banking should lead to a pattern in which the price increases over time at the same rate as the discount
rate of capitd. If the price increases fagter than thisrate, a utility can make money from banking more
alowances by purchasing them or controlling more SO, emissions. If the price increases dower than
thisrate, autility can save money by usng more alowances or selling them. Burtraw notes that an
alowance price of “about $95 in 1997" would be consgtent with “long-run margind costs of $291 in
2010."* Since the dlowance price in 1995 averaged roughly $110,* thisfits nicdly with the 2010

“2There are complications involving long-run availability of generating capacity versus short-run
consumption of energy that are ignored here.

“3Because demand for eectricity responds to changes in the price, the incremental kWh without
Phase 11 restrictions will not be the same as the incrementa kWh under a scenario with those
regtrictions. Thus, caculating eectricity price changes based on dlowance pricesis grictly an upper
bound. However, the likely size of this demand eadticity effect is smal compared to the other
uncertainties aready embodied in the scenario.

“Burtraw, Ddlas, Cost Savings, Market Performance, and Economic Benefits of the U.S.
Acid Rain Program, Resources for the Future Discussion Paper 98-28- REV, September 1998, page
8. Smith, Anne E., Jeremy Platt, and A. Denny Ellerman, The Costs of Reducing Utility SO,
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scenario price of $303.

Because the direct impact of Phase I depends on the change in SO, emission dlowance prices, the
scenario aso requires an alowance price under the hypothetical dternative that Phase | continues
indefinitely without the added restrictions of Phase I1. The selected price of $90 istypica of observed
pricesin 1996 and 1997, following the plunging prices and price expectations through early 1996 and
before prices began risng subgtantidly in anticipation of Phase [1. As dready mentioned, allowance
banking indicates that even in 1996 and 1997 the prospect of Phase 11 was influencing the market for
alowances. However, that prospect may well have encouraged additiona scrubber investments on
mandatory Phase | plants aswell as more voluntary opt-in of plantsin Phasel, both in order to
generate extra dlowances to bank for Phase I1. Thus, a Phase I-only equilibrium price with little or no
banking may not have been much different, because the supply of alowances would have been lessiif
not for actions taken in anticipation of Phase 1.

The next issue is to determine how much SO, would be emitted to produce the marginal kWh of
electricity — that is, the amount that must be either scrubbed, reduced with low-sulfur cod, and/or paid
for with emisson alowances. Although the shift from Phase | to Phase |1 entalls an aggregete shift in
SO, dlowances by tightening standards from 2.5 to 1.2 Ibs/mmBtu and expanding the number of
generating units covered, from the perspective of an individua unit the change takes the form of impacts
on the alowance price and areduced windfal from alowance dlocations. The trangition from Phase |
to Phase |1 only changes the economics of a generating unit’s compliance choices by changing the
dlowance price. The basdine amount of SO, (potentialy) emitted in producing the margina kWh,
which must be scrubbed, reduced, or paid for with alowances, does not change.*®

Emissions— Not as Low as You Might Think, August 1998, page 16 makes the same point and
arrives a asimilar prediction ($259 to $302 in 2008 to 2010) for alowance prices.

“>Ellerman, A. Denny, Electric Utility Response to Allowances: From Autarkic to Market-
Based Compliance, Center for Energy and Environmental Policy Research, Massachusetts Ingtitute of
Technology, June 1998, Figure 1.

“SPotentialy, however, the price of cod with the basdine sulfur content, described in the next
paragraph, could go down due to reduced demand under Phase I1. If that were the case, the reduced
cogt of this coa would partiadly offset the price of emission alowances, thus reducing the margind
compliance cost based on an dl-allowance strategy for the SO, produced with the margind kWh of
eectricity. Whether, and how much, this basgline cod price change takes place depends on
characterigtics of the supply of basdline cod. This scenario assumes that the basdline cod supply is
eladtic so that no price change occurs in response to changes in the quantity demanded by electric

power plants.
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Because low-sulfur cod is an dternative to alowances with its own cogt, the actual observed sulfur
content of the coa consumed is not an appropriate point of reference for computing the cost per kWh
of usng alowances. On the other hand, the spectrum of sulfur content from high to low is a continuum
rather than a discrete bregk. In addition, dectric generating plants may have reasons other than Title IV
— fud supply economics and other environmenta regulations— for using cod with less than the
highest sulfur content. The scenario in this report is based on the pre-Title 1V sulfur content status quo.
In 1994, the last year before Phase | of Title IV went into effect, Phase | plants without scrubbers
emitted an average of 2.82 Ibs’/mmBtu of SO,.*’

With these assumptions, it is now possible to caculate Phase [1’ s incrementa impact on dectricity
production costs and price. First, convert the basdline sulfur emissons to mmBtu's per ton of SO,
emitted:
2,000/2.82 = 709 mmBtu/ton SO,
To change units from mmBtu' s to kWh's requires the average hest rate in the state’ s coa-fired eectric
generating units. In 1998 cod from West Virginia averaged 12,385Btuw/lb, and the state’ s power plants
generated 89,008 million kWh of dectricity while burning 35,132 thousand tons of cod.*® Thusthe
average hedt rateis.
12,385* 2,000* (35,132/89,008,000) = 9,777 Btu/kWh
Then for every ton of SO, emitted with only basdine controls, West Virginia utilities can generate:
709* 1,000,000/9,777 = 72,540 kWh/ton SO,
Findly, using the alowance price of $303 (minus $90 Phase | basdine) in 2010 as an example:
213*1,000/72,540 = 2.9 millgkWh
For comparison, EIA reports that operating costs, excluding capitd, for scrubbers retrofitted under
Phase | average 1.42 millskWh.* A report from Tellus I ndtitute calculates an illustrative total cot,
including amortizing capitd, of retrofitted scrubbing of 8 millskWh. >

Continuing with the scenario in 2010 as an example, to get from a 2.9 millskWh increase in the price of
electricity to percentage increases in relaive costs and prices for the REMI modd, first note the

4’Carlson, Curtis et a, Qulfur Dioxide Control by Electric Utilities: What are the Gains
from Trade?, Resources for the Future Discussion Paper 98-44, page 11.

“8U.S. Energy Information Administration, Cost and Quality of Fuels for Electric Utility
Plants 1998 Tables, June 1999, Table ES3, and Electric Power Annual 1998, Volume 1, Tables A2
and A5.

“9U.S. Energy Information Administration, The Effects of Title IV of the Clean Air Act
Amendments of 1990 on Electric Utilities: An Update, March 1997, page 11.

Bernow, Stephen, et d, A Study of the Impacts of EPA Phase || SO, and NO, Emissions
Standards on Electrical Generation Facilities in the ECAR Region, page 17.
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average revenue per kWh sold in West Virginiain 1998t

All Sectors: 5.1¢

Indugtrid: 3.8¢

Commercid: 5.5¢

Reddentid:  6.3¢
Next attribute half of the price and cost changes for eectricity production, industrid dectricity
consumption, and commercid eectricity consumption to changes relaive to the nationd price. (Note
that coa-fired generation accounted for 99.3% of eectricity produced in West Virginia compared to
56.3% nationdly in 1998.5%) Findly, eectricity accounts for 80% of the public utility sector®® and is
assumed to account for 20% of household operating expenses. Then:

Public Utilities Production Cogts: (0.29/5.1)*0.5*0.8 = 2.3%
Industria Electricity Codts: (0.29/3.8)*0.5=3.9%
Commercid Electricity Codts: (0.29/5.5*0.5=2.7%

Price of Household Operating Expenses. (0.29/6.3)*0.2 = 0.9%

Increasesin utility congtruction for the scenario are straightforward. The Mount Storm plant is presently
ingalling a scrubber at atotal reported capital cost of approximately $100/kW. With a coa-fired
capecity of 1,662MW that works out to $166.2 million. Cost engineering data>* indicate that
approximately 30% of this amount would go for on-site construction. The balance of capital costs
consst of purchased components and controls, project engineering and management, and catayst,
which are likely to come from out-of-gtate. Allocating the construction expenditures over two years
produces a figure of $24.9 million per year.

*1U.S. Energy Information Administration, Electric Power Annual 1998, Volume 1, Table
A15.

521 S. Energy Information Administration, Electric Power Annual 1998, Volume 1, Tables
Aland A2.

53Computed from value added datain IMPLAN data files for the 1996 U.S. input-output
modd.

>*Persond communication from William Pollock, AOI Consulting.
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Tablel
West Virginia Employment, Earnings & Gross State
Product (GSP) of Selected Industries
Employment| Earnings* GSP*
ndusiry S 1097 1997 1997
West Virginia - 864,305 17,355 38,228
Mining - 28,843 1,492 3,154
Coa mining 12 20,289 1,284 2,886
Oil and gas extraction 13 7,457 168 204
Manufacturing - 85,875 3,337 6,684
Lumber and wood products 24 12,171 290 447
Stone, clay, and glass products 32 6,432 196 341
Primary metal industries 33 11,861 637 827
Chemicals and alied products 29 15,114 991 3,065
Transportation and public utilities| - 45,135 1,682 4,672
Electric, gas, and sanitary services 49 10,782 597 2,605

Source: U.S. Department of Commerce, Bureau of Economic Analysis, State Personal
Income 1929-1997, and Gross Product by Industry for U.S. and Sates, 1977-97 , CD-ROMSs.

*Note: Earnings and GSP expressed in millions of current dollars.



Industry Output Impact of Phasell SO,

Table?2

Total Output 1997 2000 2005 2010 2015 2020]
Baseline Forecast 58,541 61,109 66,990 72,331 77,747 82,619|
SO, Policy Forecast 58541 60,849 66,649 71,916 77,296 82,155

Difference 0 -260 -341 -415 -451 -464
Differences by Division 1997 2000 2005 2010 2015 2020|
Mining 0 -151 -169 -184 -194 -203
Construction 0 -10 -29 -29 -25 -20]
Durable Manufacturing 0 -6 -7 -13 -19 -22
Nondurable Manufacturing 0 -5 -7 -12 -16 -18
Transportation & Public Utilities 0 -38 -69 -104 -117 -116
Finance, Insurance, & Real Estate 0 -11 -12 -14 -15 -15
Retail 0 -15 -17 -21 -22 -22
Wholesale 0 -10 -12 -14 -15 -15
Services 0 -15 -18 -25 -30 -35
Agriculture, Forestry, & Fishing 0 0 0 0 0 |

Note: Industry Output measured in millions of 1992 dollars.



Table3
Gross State Product I mpact of Phase |l SO,

Gross State Product 1997 2000 2005 2010 2015 2020]
Baseline Forecast 37,628| 39,342 43,074 46,272 49,467 52,354
SO, Policy Forecast 37,628| 39,172 42,849| 45999 49,170 52,049|

Difference 0 -170 -225 -273 -297 -305
Differences by Division 1997 2000 2005 2010 2015 2020]
Mining 0 -104 -117 -126 -134 -140
Construction 0 -5 -14 -14 -12 -10
Durable Manufacturing 0 -2 -3 -5 -7 -8
Nondurable Manufacturing 0 -2 -3 -5 -7 -8
Transportation & Public Utilities 0 -22 -41 -63 -71 -70|
Finance, Insurance, & Real Estate 0 -7 -8 -10 -10 -10
Retail 0 -9 -11 -14 -14 -14
Wholesae 0 -7 -8 -10 -11 -10]
Services 0 -9 -11 -15 -18 -21
Agriculture, Forestry, & Fishing 0 0 0 0 0 0]
Government 0 -2 -8 -12 -13 -13
Farm 0 0 0 0 0 0l

Note: GSP measured in millions of 1992 dollars.



Table4
Employment I mpact of Phasell SO,

Total Employment 1997 2000 2005 2010 2015 2020
Baseline Forecast 845,701| 851,324| 869,950| 875,142 879,245 877,169
SO, Policy Forecast 845,701| 849,133| 867,288 872,169 876,307 874,385

Difference 0 -2,191 -2,662 -2,973 -2,938 -2,784
Differences by Division 1997 2000 2005 2010 2015 2020]
Mining 0 -796 -648 -565 -492 -424
Construction 0 -129 -355 -339 -273 -210]
Durable Manufacturing 0 -50 -39 -51 -56 -55
Nondurable Manufacturing 0 -22 -24 -34 -39 -40]
Transportation & Public Utilities 0 -156 -227 -303 -310 -287
Finance, Insurance, & Real Estate 0 -63 -73 -85 -88 -88
Retail 0 -383 -417 -464 -444 -412
Wholesae 0 -86 -95 -105 -101 -92
Services 0 -424 -486 -615 -675 -729|
Agriculture, Forestry, & Fishing 0 -14 -16 -19 -21 -21
Government 0 -69 -283 -395 -440 -427
Farm 0 0 0 0 0 0l




Table5

Annual Wage Rate Impact of Phasell SO,

Annual Wage Rate 1997 2000 2005 2010 2015 2020
Baseline Forecast 20,295 22,460 26,083] 31,539 38,013 45,618
SO, Policy Forecast 20,295 22,432 26,053] 31,521| 38,007 45,626

Difference 0 -28 -30 -18 -6 8
Differences by Division 1997 2000 2005 2010 2015 2020
Mining 0 -32 -81 -69 -52 -5
Construction 0 -10 -38 -39 -30 -14
Durable Manufacturing 0 -6 -17 3 29 58
Nondurable Manufacturing 0 -10 -22 9 49 92
Transportation & Public Utilities 0 -27 -64 -82 -83 -70
Finance, Insurance, & Real Estate 0 -2 -4 10 25 40
Retail 0 -2 -3 7 18 30
Wholesae 0 -6 -11 13 42 71
Services 0 2 9 26 37 44
Agriculture, Forestry, & Fishing 0 -2 -2 7 17 26

Note: Annual Wage Rate measured in current dollars.




Table6
Total Wages & SalariesImpact of Phasell SO,

Total Wages & Salaries 1997 2000 2005 2010 2015 2020
Baseline Forecast 17,444 19,502 23,230 28,328 34,375 41,233
SO, Policy Forecast 17,444 19,432 23,136| 28,219 34,257 41,111

Difference 0 -70 -94 -109 -118 -122
Differences by Division 1997 2000 2005 2010 2015 2020]
Mining 0 -36 -35 -36 -36 -37
Construction 0 -3 -10 -12 -11 -10]
Durable Manufacturing 0 -2 -2 -2 -2 -1
Nondurable Manufacturing 0 -1 -2 -2 -2 -1
Transportation & Public Utilities 0 -7 -12 -19 -23 -24
Finance, Insurance, & Real Estate 0 -1 -2 -2 -2 -2
Retail 0 -5 -7 -7 -7 -6
Wholesae 0 -3 -4 -4 -4 -4
Services 0 -8 -9 -10 -12 -17
Agriculture, Forestry, & Fishing 0 0 0 0 0 |

Note: Wages and Salaries measured in millions of current dollars.



Table7

Personal Income Impact of Phasell SO,

Total Personal Income 1997 2000 2005 2010 2015 2020
Baseline Forecast 34,951| 36,499 38420 40464| 42,567 44,630
SO, Policy Forecast 34,951 36,410 38,294| 40,302 42,399 44,467

Difference 0 -89 -126 -162 -168 -163
Per Capita Personal Income 1997 2000 2005 2010 2015 2020
Baseline Forecast 19,337 20,754 22,596 24,183 25,408 26,375
SO, Policy Forecast 19,337 20,716 22578 24,172 25,410 26,382

Difference 0 -38 -18 -11 2 7

Note: Total Personal Income measured in millions of 1992 dollars; Per Capita Income

measured in 1992 dollars.




Table8

Total Population Impact of Phasell SO,

Total Population 1997 2000 2005 2010 2015 2020
Baseline Forecast 1,807,534 1,758,653| 1,700,328| 1,673,274| 1,675,324| 1,692,146
SO, Policy Forecast 1,807,534 1,757,598| 1,696,048 1,667,306| 1,668,589| 1,685,515
Difference 0 -1,055 -4,280 -5,968 -6,735 -6,631
Differencesby Sex & Age 1997 2000 2005 2010 2015 2020
Male
0-14 0 -186 -757 -1,000 -942 =727
15-24 0 -110 -379 -480 -626 -694
25 -64 0 -242 -995 -1,437 -1,682 -1,713
65+ 0 -1 -19 -54 -98 -144
Female
0-14 0 -176 -716 -960 -909 -704
15-24 0 -123 -405 -479 -602 -662
25 -64 0 -216 -989 -1495 -1773 -1829
65+ 0 -1 -21 -60 -109 -153
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Figure?2

REMI Model Structure
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Figure3
Phasell SO,: Industry Output
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Figure4
Phase Il SO,: Gross State Product
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Figure5
Phase Il SO,: Total Employment
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Figure 6
Phase Il SO,: Annual Wage Rate
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Figure7
Phasell SO,: Wagesand Salaries
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Figure8
Phase Il SO,: Per Capita Personal Income
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Figure9
Phase Il SO,: Total Population
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