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Foreword
by Dr. Wendy L. Gramm

The Clean Air Act requires the EPA to set Nationad Ambient Air Quality Standards (NAAQS)
for anumber of substances, including ground-level ozone, which the EPA links to increased risk for
asthma and other respiratory concerns. While the EPA sets the standards that must be adhered to, it is
often up to state and loca governments to design and implement plans to meet the sandards. Despite
the efforts of Congressto limit the ability of executive branch agencies to impose these costs on State,
locd, and triba governments through the Unfunded Mandates Reform Act, the practice continues. The
imposition of coglly regulations that must be met by state and local governmentsiis the hidden tax of
regulation, ultimately borne by resdents of the state or locality where the regulation applies. The
Mercatus Center is particularly interested in the analysis and measurement of the costs of these hidden
regulatory taxes. This study of ozone abatement in the Houston-Galveston area, sponsored by the
Texas Public Policy Foundation, demonstrates how important a more focused andysis of the costs and
economic impacts of aregulaion on aregion are for determining a proper compliance plan.

A 1997 Mercatus Center public interest comment examined EPA’ s proposed ozone standard,
reveding that the economic analysis prepared by the agency serioudy understated total costs by
ignoring the additional costs that attainment of stlandards would impose on states and locdlities.
Additionaly, the hedlth benefits that the EPA links to ground-level ozone reduction are dragtically
overdated. Infact, even using the EPA’s own understated cost figures the rule does not pass a cost-
benefit test. Despite these shortcomings the rule was findized and most of the compliance burden has
been passed on to the state and locd levels. Although ultimately costly, this raises an interesting
opportunity for state and local governments to introduce new market-based compliance plans and to
utilize proper cost-benefit sudies and economic impact andyses to choose anong regulatory regimes.
It isimportant that information relevant to each state or region be used in developing these plans at the
date and locd level, even when the plan must meet federally mandated enforcement gods determined
through a one-sze-fits-al gpproach.

The Texas Natural Resources Consarvation Commission (TNRCC), drawing heavily upon
prescriptions from the EPA, devised a State Implementation Plan (SIP) for achieving ground-level
ozone compliance in the Houston area. The Houston region of Texas has been cited by the Foundation
for Clean Air Progress as one of the most improved regionsin the U.S. with respect to ground-level
ozone and other pollutants. The TNRCC SIP proposes to supplement existing measures that have
been working for the past 20 years to reduce ozone hazards in and around Houston with top-down
mandates.

Thevaue of this sudy backed by the TPPF isthat it fully utilizes cost-benefit analyssto
anayze the optionsin the TNRCC SIP, and more importantly to propose an dternate SIP that
maximizes benefits while minimizing coss. By incorporating detailed information about the economic
conditions of the region, the study takes into account the full effects of regulatory action on employment,
gate and loca government finances, consumer welfare, and demographics. The results of this study



include a demongtration that a dramatic reduction in costs with only a minor reduction in benefitsis
possible when arigorous cost-benefit analysis is applied to al aspects of aregulatory plan and its
effects.

Wendy L. Gramm s a Distinguished Senior Fellow, Mercatus Center, George Mason University
and the Chairman of the Board of Directors, Texas Public Policy Foundation. Dr. Grammisa
past Chairman of the Commodity Futures Trading Commission and a past Director of the Office
of Management and Budget, Office of Information and Regulatory Affairs.



Abstract

During the past year, Professor Barton Smith of the University of Houston and Professor George
Talley of the University of Chicago have been conducting a study examining the impacts of the State
Implementation Plan (SIP) proposed by the Texas Natura Resources Conservation Commission
(TNRCC) for the Houston area economy. The TNRCC SIP isagroup of air pollution control measures
designed to bring the eight county Houston-Galveston areaiinto compliance with thefedera ozone standard
by 2007. The study examined the costs and benefits of the TNRCC SIPin reducing air pollution, and the
short-run and long-run impacts of the TNRCC SIP on the Houston area economy.

Houston exceeds federdly dlowed levels of ar pollution only for ground-level ozone. Houston
meets the federd standards for the other criteria pollutants (particulate matter, carbon dioxide, sulfur
dioxide, nitrogen dioxide, and lead). Because Houston exceedsthefedera standard for ground-level ozone
under the federal Clean Air Act Amendments of 1990, it may be subject to sanctions from the federa
government, such as withholding of highway funds. To avoid this, the proposed TNRCC SIP would limit
emissions of nitrogen oxide (NOXx), which (in conjunction with VOC' s, or vol atile organic compounds) lead
to the formation of ground-level ozone. To reach compliance, Houston must reduce its emissions of NOx
sgnificantly.

To ascertain the economic effects of adopting the TNRCC SIP, costs were estimated for the 38
proposed measures within it. The costs of these 38 measures from 2001 to 2020 were used asinputsinto
the most sophidticated regiona economic modd available. Thismode contains multiple sectors consisting
of individud indudtries, such as utilities, refineries, trucking, ectrica equipment, retailing, wholesding and
ahogt of others. Ripple effects and multiplier effects can be estimated, showing how the direct costs are
magnified, and in some cases shifted to other industries or households. Control measures placed only on
indugtries in aregion will have lower output because production will be shifted to other regions where the
costs of the controls can be avoided. Thisin turn causes employment to shift, reducing both population and
the tax base.

It was determined that implementing the TNRCC SIP would significantly reduce job growth,
resulting in 103,000 fewer jobsin the Houston areain 2010 and nearly 140,000 fewer jobsin 2020 than
without the TNRCC SIP. Totd income, or grossregiona product, would be $12.6 billion lessin 2010 and
$21 hillion lessin 2020 than without the TNRCC SIP. Tax receiptsto state and local governments would
be $860 million lessin 2010 and more than $1.5 hillion lessin 2020 than without the TNRCC SIP. This
represents 3.7 percent of Houston area's 2010 jobs, 5.5 percent of gross regional product, and 4.2
percent of revenues to state and loca governments.

An dternative SIP proposal was evauated, diminating high cost measuresthat achieve little NOx
reductionand providing for emissonstrading and market incentivesto promoteleast cost NOx reductions.
The dternative SIP achieves more than 85 percent of the NOx reduction of the TNRCC SIP at just over
40 percent of the costs, with an employment effect of fewer than 40,000 jobs.
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CLEARING HOUSTON'S AIR:
An Economic Evaluation of Clean Air Act Compliance Strategy Alternatives

EXECUTIVE SUMMARY
1. Purpose and Major Findings

. During the past year, two professors of economics have been examining theimpactson the
Houston area economy of the State Implementation Plan (SIP) proposed by the state
agency, Texas Naturd Resources Conservation Commissions (TNRCC). This plan was
designed to bring the eight county Houston-Galveston areainto compliance with thefedera
ozone standard as defined by the USEPA and in compliance with the 1990 Clear Air Act
Amendments. Dr. Barton Smith of the University of Houston and Dr. George Tolley of the
University of Chicago conducted the studly.

. The proposed measures of the TNRCC SIP were designed to control the nitrogen oxide
(NOx) emissons that lead to ozone formation. The impacts of the direct control costs on
the Houston area economy were estimated using the most sophisticated regional economic
model available. The modd contains multiple sectors, enabling estimation of effects on
individua industries and Houston area households. The model examines the direct effects
of the proposed TNRCC SIP on the Houston metropolitan area, as well as the substantial
multiplier or ripple effectsthat will beinevitable asthe impact worksitsway throughout the
entire regiond economy.

. The SIP measures are estimated to significantly dow job growth within the Houston
metropolitan area. They would result in nearly 103,000 fewer jobs by the year 2010 and
nearly 140,000 fewer jobs by 2020.

. The study evauates an dternative SIP that would achieve nearly as great a NOXx reduction
at amuch lower cogt and with much less severe effects on the Houston area economy.

2. Control Costs

. Control costs were estimated for each of the 38 measures in the proposed TNRCC SIP.
The annualized costs were obtained by multiplying al capital cost by an amortization factor
to yied yearly operating costs.

. The totd annualized control cost, summing over al the measures proposed in the TNRCC
SIP, increases steedlily through the federa compliance year 2007, a which timeit reaches
$4.1 billion per year.

Texas Public Policy Foundation § Page 1



CLEARING HOUSTON'S AIR:
An Economic Evaluation of Clean Air Act Compliance Strategy Alternatives

3. Direct Impacts on Businesses and Households

. $3.8 hillion of the 2007 annudized control cogtsfal directly on Houston area businesses,
increasing the cost of doing businessin the Houston area.

. Nearly $300 million of these annualized control cogts fal directly on households in the
Houston area. These direct cogts are only partidly offset by $40 million in annua benefits
from improved air qudity, leaving adirect increase in the (effective) cogt of living of $260
million.

4. The Regional M odel

. Thedirect control cogsthat fall on businesses and the direct increasesin the cost of living
that fal on households were fed into the regiona input/output modd to obtain total effects
on the Houston area economy.

. The model takes account of inter-industry relations by which direct impacts on businesses

and households affect purchases from other businesses in the Houston area. For example,
adecline in household income leads householdsto demand fewer retail servicesand fewer
goods produced in Houston for local consumption, causing declinesin employment in these
industries, even though no control costs are imposed directly on them.

. The modd aso predictseffectsonindustry location. Part of the direct businesscostsfall on
Houston areabusinesses producing for nationa and internationa markets, making Houston
area bus nesses|ess comptitivein these markets. Houston industries will lose market share
to industriesin other regions not encumbered by such strict measures.

. Part of thedirect business costsfall on Houston areafirmsthat produce goods and services
for local consumption. These costs will be largely passed on to consumersin the Houston
area. Therisein prices of loca goods and services contributes to further increasesin the
cost of living. These are added to the $260 million increasein the cost of living noted above.
The overdl rise in the cost of living leads to wage raises needed to recruit |abor towork in
the Houston area.

. These higher wages, in turn, generate further rounds of cost of living and wage increases,
exacerbating the disadvantage Houston businesses face in nationd and world markets.

Texas Public Policy Foundation § Page 2



CLEARING HOUSTON'S AIR:
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5. Resultsfor Employment, Gross Regional Product and Tax Receipts

. Applying the regional mode predicts that, by 2010, employment is 103,000 less than it
would be without the TNRCC SIP. By 2020, it is 140,000 less.

. The reduction in the region’s growth will leave the economy with a rea gross regiona
product that is $12.6 billion per year less by 2010 than it would be in the asence of the
measures, and $21 billion per year less by 2020. This, in turn, will reduce state and loca
tax receipts by $860 million in 2010 and by $1.5 hillion in 2020.

. Table 1 shows the effects on employment, gross regional product and tax receipts for
individua years from 2001 to 2020. The table compares the baseline without the TNRCC
SIP to a scenario reflecting the presence of the proposed TNRCC SIP. To provide a
graphical comparison, Figure 1 compares employment by individua years in the basdine
gtuation, with employment under the TNRCC SIP control scenario. Withthe TNRCC SIP
scenario, employment fals progressvely farther behind basdine employment.

6. Household Income and Wages

. The impact to the regiona economy will reduce Houston area household well-being. The
regiond mode predicts that the combined direct and indirect costs of the proposed
TNRCC SIP measureswill reducered digposableincome within theregion by amost $1.5
billion annudly.

Texas Public Policy Foundation § Page 3



CLEARING HOUSTON'S AIR:

An Economic Evaluation of Clean Air Act Compliance Strategy Alternatives

Table 1-Time Profile of Economic I mpacts

With and Without TNRCC S| P2

2001 2003 2005 2007 2010 2020

Employment (Thousands of Persons)

Without TNRCC SIP 2,360.3 24328 25757 26770 28263 33111

With TNRCC SIP 2,360.7 24032 24913 25794 2,7231 3,170.8

Difference 0.4 -29.5 -84.4 -97.6 -103.2 -140.3

Gross Regional Product (Billions of Dallars)

Without TNRCC SIP 163.9 1741 192.2 207.3 229.9 318.0

With TNRCC SIP 163.0 170.2 183.6 196.7 217.3 297.0

Difference -0.9 -3.9 -8.6 -10.5 -12.6 -21.0

Tax Receiptsto State and L ocal Gover nments (Billions of Dallars)

Without TNRCC SIP 16.8 17.3 18.2 19.1 20.5 26.9

With TNRCC SIP 16.7 171 17.7 18.4 19.6 25.5

Difference -0.1 -0.2 -0.5 -0.7 -0.9 -1.5
aY ear 2000 prices

Figure 1-Area Jobs With and Without TNRCC SIP

BWithout OWith

3,200,000

2,700,000

CMSA Employmen

2,200,000 -
2000 2005 2010

2020
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The effect on loca wages is mixed. The weakening economy will reduce the demand for labor and
hence reduce both jobs and wages. The higher cost of living, however, will dso reduce the supply of [abor
requiring higher wages to recruit skilled labor to the region. Thiswill reduce employment further, though it
will mitigate somewhat the decline of wagesin dollar terms. Nonetheless, redl wages (wagesin dollar terms
adjusted for the cost of living) will decline.

7. Congtruction Stimulus

. Duringtheinitia four yearswhile messuresare phased in, therewill be an economic simulus
to the region associated with the implementation of the TNRCC SIP. Pogitive job impacts
will befdt in sectors such as engineering services, congtruction, and manufacturing during
the ingdlation of the pollution control equipment. These job gains, however, do not fully
compensate for job losses experienced e sewhere in the regiona economy.

8. Unequal Effects of Control Measures

. Not al eements of the proposed TNRCC SIP impact the economy equally. The study
found that just a few elements of the plan account for the largest portion of the losses
imposed on the regiona economy.

. The most onerous elements of the proposed TNRCC SIP include:

The mandate of 90% reduction in point source emissons of NOx from large
indudtrid facilities, as opposed to the 75% to 80% NOXx reductions mandated for
these sources elsewhere in Texas and the country.

The requirement to use specia boutique diesd fuel in Texas.

The requirement to adopt federal engine standards earlier than other parts of the
country.

Time of day limitations on congruction activities,

. The mandated 90% NOx reduction for point sources is particularly damaging to the
Houston economy because, independent of cogts, it leaves little room for growth in such
industries as refining and petrochemicals. As aresult, the proposed TNRCC SIP actudly
entails a no-growth mandate for about one fourth of Houston's economic base.

Texas Public Policy Foundation § Page5
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. Smdler firmswith lessaccessto financia capita will have the greatest difficulty inachieving
the TNRCC SIP mandates. Some firms will dso encounter technologica chalenges that
may make achievement within four years impossible. The study optimisticaly assumesthat
the vast mgority of areafirmswill, in fact, be able to reach NOx reductionsto or near the
90% leve. Even if achieved, such atight NOx mandate will leave little flexibility for many
indudtries to grow through emissons trading or offset provisons.

9. Sensditivity Analysis

. A consarvative approach to estimating impacts was followed in the study so as to avoid
overestimating negative effects on the regiona economy.

. A great ded of sengdtivity analyss was conducted, testing the effects of changes in
assumptions on the results. Using assumptions leading to less severe impacts, such aslow
estimates of control costs, the least differences in jobs between the TNRCC SIP and no
TNRCC SIP are till dmost 62,500 in 2010 and 42,500 in 2020 as compared to the
gpproximately 103,000 jobs by 2010 and nearly 140,000 jobs by 2020 presented as most
likdly in the study. It should be noted that the assumptions used to generate this scenario is
extremely conserveive; any one of its provisonsis highly unlikely to occur.

. Actud job losses could far exceed those presented in the study. For example, the TNRCC
SIP cdls for greater reductions in emissons than have been accomplished in other aress,
induding Southern Cdifornia. In addition to the optimistic assumption aready noted for the
90% emission reductions, theresults presented inthe study use conservatively low estimates
of costs. Higher cost estimateswould lead to greater job losses, aswould avariety of other
possible negative effects not included in the study results.

10. An Alternative Plan

. The research evad uated the impact of an dternative SIP plan that would achieve nearly as
large an ozone reduction, but at a greatly reduced cog. In the dternative plan:

Indugtrid point sources are alowed to reduce NOx emissions by 79% instead of
90% percent, which would permit trading of emisson rights between sourceswith
high and low cogts of emissions reductions. In addition, aNOX reduction incentive
measure is included, under which revenues from motorist fees and other levies
would be used to pay sources to reduce emissions.

Texas Public Policy Foundation § Page 6
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The phase-in time to reach compliance is increased from four to seven years.

The requirements to use boutique diesd fuel especialy designed for Texas is
dropped because it adds very little beyond that already expected to be achieved
by federal standards.

The requirement for earlier adoption of federa low emission enginesis dropped on
smilar grounds.

The requirementsto limit congtruction hours and to refrain from lawn mowingin the
morning during the ozone season are dropped.

A 65 mph speed limit replaces the proposed 55 mph speed limit.

The analysi's compared the costs of the TNRCC SIP with the alternative SIP. The costs of
the dternative SIP arelessthan haf the costs of the TNRCC SIP. The lower costs are due
to the dimination of severd of the most expensive measures, including the lowering of the
point source reduction requirement from 90% to 79%, the use of emissionstrading, and the
use of market incentives to purchase emissons reductions.

Evenunder thisdternative plan, the Houston areaiis ill estimated to losejobs, income, and
tax revenues, but the losses are subgtantialy less than under the TNRCC SIP. Job losses
in 2010 are reduced from more than 103,000 to alittle more than 38,000. Lossesin 2010
real gross regiond product are cut to $3.5 billion. State and local revenuelossesare cut by
amogt two thirds.

Teble 2 showseffects of the dternative SIP on employment, grossregiona product and tax
recaipts for individual years from 2001 to 2020. Compared with Table 1, the effects are
much smdler than under the TNRCC SIP.

Figure 2 presents a graphical comparison of job losses under the aternative SIP and the
TNRCC SIP. Under the dternative SIP, job effects remain low and are only about 40,000
from 2010 onward, while under the TNRCC SIP, job losses continue to climb and reach
amost 100,000 in excess over the dternative SIP by 2020.

In summary, by diminaing measures with very low cog effectiveness and introducing
emissons trading and purchase of emissons reduction, the aternative plan grestly reduces

Texas Public Policy Foundation § Page 7
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both the direct costs and the further deleterious effects on the Houston area economy.

This study has assumed that the Nationd Ambient Air Quality Standards (NAAQS) for
ozone can be achieved by a dightly lower reduction in NOx tons per day than envisaged
inthe TNRCC SIP. At thiswriting, the precise reduction in NOXx tons per day is not yet
settled. Even if areduction in tons per day as great asthat proposed by TNRCC were to
be required, the present study makes clear that the results could be achieved at greetly
reduced direct costs and greetly reduced regiond effects. This is due to the fact thet the
dternative SIP emphasizes measures with greater cost effectiveness than those proposed
by the TNRCC SIP.

Texas Public Policy Foundation § Page 8
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Table 2-Time Profile of Economic I mpacts

With and Without Alternative Sl P2

2001 2003 2005 2007 2010 2020
Employment (Thousands of Persons)
Without Alternative SIP 2,360.3 24328 25757 26770 28263 33111
With Alternative SIP 2,366.8 24258 25394 26335 2,7880 3,268.0
Difference 6.5 -6.9 -36.3 -43.5 -38.3 -43.0
Gross Regional Product (Billions of Dallars)
Without Alternative SIP 163.9 174.1 192.2 207.3 229.9 318.0
With Alternative SIP 164.1 173.3 189.5 203.8 226.4 313.0
Difference 0.2 -0.8 -2.7 -35 -3.5 -4.9
Tax Receiptsto State and L ocal Gover nments (Billions of Dallars)
Without Alternative SIP 16.8 17.3 18.2 19.1 20.5 26.9
With Alternative SIP 16.8 17.2 18.0 18.7 20.1 26.4
Difference 0.0 -0.1 -0.2 -0.3 -0.3 -0.5
aY ear 2000 prices
Figure 2-Job I mpacts of Alternative Plans:
TNRCC SIP vs. Alternate SIP
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CLEARING HOUSTON'S AIR:
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l. INTRODUCTION: FINDING THE RIGHT BALANCE

A. TheBalance In Nature

Environmenta issues involve questions of baance. What istypicaly caled pollution today usudly
has its counterpart in nature. For example, while world leaders argue about reducing industrial carbon
emissons, human life (aswel asdl animd life) are naturd sources of carbon dioxide which isbaanced by
vegetation that reverses the carbon/oxygen cycle. The emissons of most other pollutants also have their
natura counterpart. The current threaet to anima and plant species gems from dternations in this
environmental balance within the earth, water, and air to which species have adapted. To this extent,
environmental concerns appear to focus on the status quo - the maintenance of an environmental baance
most conducive to the prosperity of the current mixture of species occupying the earth. While policy
emphasis focuses to alarge extent upon the prosperity of humanity, there is a growing consensus that this
prosperity is linked to the well-being of the rest of nature, both as co-habitants of the planet earth and as
barometers of impacts potentidly threatening to mankind.

A proper environmenta policy will seek to achieve abaance. Pollution properly defined becomes
any man-made activity that would destroy this balance. For example, the emission of carbon dioxide then
does not necessarily entall pollution. Pollution is the emisson of too much carbon dioxide or eventoo little.
To some extent pollution isrel ated to the notion of what isand isnot “ naturd”. It isaso known that the earth
itself emits enormous amounts of volatile organic compounds (VOCs) into the air. The policy question
becomes whether the additiona VOCs created by man-made processes is large enough to threaten the
bdance in nature in such away that it is deeterious to mankind and other living things.

One problemisthat thisnatura balance hasnever been static or fixed. Instead, the baanceregularly
undergoes sgnificant variations, both random and cyclical. Environmentalists, therefore, must struggle with
questions of reasonable bounds instead of absolute targets. The predicament is particularly relevant with
respect to globa warming. Are averaging temperatures risng outside the bounds of normal cyclical
patterns? Key words within environmenta science become crucid, such as“naturd”, “normd”, and “ co-
dependence’.

Asinmany fieldsof research, the more we come to understand the complexities of this baance, the
more we redize how much is left to learn. Scientific understanding of interdependencies in nature, of the
chemical processes that create nature s balance, and of the optimizing levels of these processesis ill inits
infancy. Do we have too much or too little atmospheric carbon dioxide? Are man-made contributions
creting non-optimal levels of CO, or are these contributors inggnificant in comparison to what is termed
natura processes within the earth? What, in fact, is the optimal level of CO,? Could it be that industrid
emissons areactualy improving the environment in the sense of making mankind better off? Answering such
questions requires a framework from which the term optima can be better defined. This, in turn, requires
a broader perspective on natura processes that takes into account the relation of al species to man's
interventions. Unfortunately, the needed framework isfar from being redlized. Asaresult, policy makersare
often |eft to make environmenta decisons with less than perfect information.

Texas Public Policy Foundation § Page 10
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B. Economic Analysis of Environmental | ssues

Economids' interest in the environment bloomed in the 1960s and focused upon the reasons for
market falures that keep societies from achieving optimum utilization of resources. From this analyss
evolved amore precise definition of “externdities,” aterm that has become an increasingly important part
of neoclasscd micro economics. Externdities are essentialy spillover effects emanating from economic
activitieswherethe decis on makersignorethe positive or negative consequences of their actions. Inthecase
of pollution that imposes costs upon other members of society, the polluters do not have to pay for the
externa coststhey impose on others. Asaconsequence, they do not havetheincentivesto modify the extent
or manner inwhich their economic activitiesare conducted. Theend result istoo much pollution and perhaps
too many goods whose production generates pollution.

Researchers haverefined the notion of externditiesby identifying primary causes. Mogt externdities
occur where property rights are inadequately defined. In the absence of laws explicitly assgning property
rights to the air, air resources become available to all a zero cost, despite that fact that one economic
agent’s use of the resource might well diminish the vaue of the resource to others. Thislatter phenomenon
is the basis for the economist’s definition of opportunity cods. If one entity’s utilization of a resource
diminishes the utilization of that resource to others, there is an opportunity cost associated with that use.
Where property rightsareill defined, economic agents do not haveto pay thisopportunity cost and basically
treat the resource as a free good. As aresult, the resource will be over-utilized and socid well-being will
be diminished.

Documentation of such market failures hep formthe basis of policy prescriptionsto remediate the
problem of environmenta degradation. The economist’s solution to this type of externdity problem is to
interndize the externa coststo the decision maker. Thiscan be donethrough the creation of explicit property
rights, through optima taxation of pollution activities, or through regulations that mimic such taxation. Such
policies make explicit the externd costs and give economic agents incentives to weigh the externa costs
agang the cods of reducing them.

However, ashasoften been pointed out, theidedlized outcomeisdifficult to achieve. Politicaly, lavs
have been passed which attempt to regul ate pollution and hopefully approximate the idedlized outcome. The
Idedlized outcome (however impractical) is recognized as the benchmark from which any dternative set of
policies can be evaluated. Just as balance is the key issue in scientific notions of the environment, balance
Isthekey to the economic analyssof environmenta policy. Giventhe objective of maximizing society’ swell-
being, taking account of interconnections with dl other species, the primary god of policy becomesfinding
the correct baance between the environment and al other goods which provide socid well-being. The
economist does not see the primary issue as diminating al pollution, but rather of finding the optima
reduction in pollution and the optima (cost effective) way of achieving that reduction. While the notion of
the optimal leve of pollution may seemto run counter to the naturdist view of many environmentdidts, itis
quite smilar to the notion of optimd levels of carbon dioxide or nitric oxides that the scientific community
must dso grapple with.
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C. Basic Rules of Optimality

This notion of optimdlity in environmenta decison making has led to a large economics literature
involving more than four decades of both theoretica and empiricd research. From this literature a generd
consensus has evolved regarding ingredients of optima policy. Firdt, optimdity requires that pollution
abatement efforts should increase until the margina socid costs of abatement come to exceed the margind
benefits, as shown in Figure 1.1. Beyond that point society ismadeworse off. Thisruleexplicitly recognizes
the fact that, while there are socia spillover costs associated with pollution, there are aso socid costs
associated with pollution abatement. Policies that cost more socia resources than the benefits generated
actually make society worse off.

Figure 1.1-Optimal Policy Rule
Marginal Costs = Marginal Benefits
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The notion of optimdity includes the issue of optimal timing. Since the costs and benefits of
environmenta policies can be affected by the speed of implementation, optima environmental decision
making requires that implementation occur as rapidly as possible, consistent with the condition that the
margina costs of quicker implementation are not greater than the margind benefits of the added swiftness.

Where dternative srategies are avalable, dl dternaives that are not mutually exclusive should be
pursued as long as the margind costs per unit of clean up is equated across dternatives. For example, if
there exist two aternative Strategies to reduce carbon monoxide from theair and if one strategy coststwice
as much per ton of reduced CO, then policy should be restricted to the dternative strategy. However, most
empirica studiesshow that margina costsof clean up increasewith theleve of abatement for each Strategy.
Asone strategy is pursued more and more fully, a point may eventualy be reached where the dternative
strategy becomes equaly cost effective. Alternative strategies indude not only different policies but Smilar
policies gpplied to different industries or in different locations. If it costs twice as much to remove a ton of
CO emitted by industry A than industry B, then more emphasis should be placed upon B’ s emissionsthan
A’s. Smilaly, if one abatement technology entails twice as much cost to reduce CO emissions as another
technology, theless costly technology ought to be gpplied. Figure 1.2 illustrates an example of anon-optimal
drategy where dternatives measures vary sgnificantly in their margind costs. Whereas Rule One is
summarized by the statement that margina costs should equal margina benefits, Rule Two can be
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characterized as margind cost equdization.

Figure 1.2-Optimal Policy Rule
Equality Of Marginal Costs Across Regulations
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Fndly, most andystsof environmenta issuesrecognizethat information regarding costisand benefits
isfar fromcertain. Inaworld of uncertainty, policy makers must equate expected costs and benefits. Policy
makers should weigh the risks associated with the uncertainty and must include in their analyses such
procedures as the gpplication of risk premiums to socid discount rates or the gpplication of sengtivity
andyses in cost-benefit caculations.

D. Environmental Regionalism

The wave of new environmenta policies of the 1960s and 70s was largely implemented at the
nationd level. Federa policy mandated specific Srategieswhich were, for the most part, universaly applied
across the nation. One of the magor exceptions actudly had perverse effects, namely the prevention of
ggnificant deterioration (PSD) provisons militating againgt expansion of indugtriesin some areasregardiess
of the costs and benefits of dedling with the environment. During the 1990s, federa policy began to shift
towards “environmenta regiondism”, where regulations and abatement drategies were specificaly
formulated to regiond circumstances. States were dlowed some flexibility in the measures adopted to meet
federd standards. This approach is not to be confused, however, with sate or locad environmenta policy,
sncethe USEPA both mandatesthe cregtion of theseregional regulations, setsthe sandardsto be met, and
approvesthe drategic mix ultimately implemented. What isdifferent about thispolicy isthet it crestesunique
regiond policy mixes which can and do vary substantialy across regions within the United States.
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The notion of environmenta regiondism makessenseintermsof thetwo basicrulesof environmenta
decison making discussed above. Given that industry mix and environmenta circumstances vary across
regions, it is highly unlikely that the optima policy mix is the same in every region. Some regions may be
dominated by industriesthat havelow costsof pollution abatement. Hencein thoseregions, the optimal leve
of pollution abatement is likely to be greater. Other regions may have natura environmenta conditionsthat
exacerbate the impact of pollutants, making for greater socid payoffs to environmenta clean up than
elsawhere. In such cases, optima abatement efforts should aso be more extensive.

Environmentd regiondism dlows for another avenue to minimize the sociad spillover costs of
pollution. Totheextent that differentid regulationstransfer economic activity from oneregion wheremargind
costs and benefits of abatement are high to regions where margina costs and benefits are low, then
additiond socid efficiencies will be achieved through the mobility of capital and labor.

While environmenta regiondism alows for these additiond efficiencies, it also cresates the risk of
exacerbating the socia costs of environmenta policy mistakes. That is, while the efficiency gains of
implementing optima environmenta policy are enhanced by optimdly differentiating across regions, the
potential socid loss associated with non-optima rules and regulations can aso be magnified.

It should be emphasi zed that even nationdly implemented environmenta policy can have differentia
economic impacts upon regions because of differences in the industrial mix that exists across regions.
Environmentd regionaism will increase the differentidsin economic impacts, but these impactswill only be
nonoptimal to the extent that the regiond policies themsdves are nonoptima. Where policy regulations are
not optimal, the digtortions associated with the inequaity of costs and benefits at the margin are magnified
because of greater than optimad private sector response that is differently magnified across regions. This
principleisakinto aprincipleof tax policy. Thelossassociated with an equal tax acrossal goodsisminimal.
Differentid taxes acrossindividua goods or locations resultsin sgnificant socia losses.

Itisthisaspect of regiond environmentalism that has stimulated the research of thisreport. Analyses
of directimpactsuponindividud industriesfill theliterature. That sameliterature a so containstheoreticd and
empirica environmental cost-benefit analyses and to a lesser extent andyses of the incidence of
environmenta regulaions. On the other hand, differentid regiona economic impacts of environmenta
regulations are jus now ganing atention. With the expangon of environmentd regiondiam, these
consderations have become more important. Regiona economic impact analys's does not focus on the
optimaity issue per se, but on theimpact on regiona economic growth in terms of such variables as jobs,
incomes, and regiona output. This does not mean that questions of optimaity are not relevant as explained
above, but in the presence of optima or non-optima policies, impact andyses examines the regiond
outcomes associated with environmental regulations. Asthese outcomes are better understood, the regiona
response to the current approach of forced uniformity of standards across regions may also be better
understood, and law makers may wish to reevauate the wisdom of unfettered environmentd regiondism.
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E. Current National Air Quality Policy

Current federd ar qudity policy isestablished by the Clean Air Amendments Act of 1990. ThisAct
gives the USEPA broad discretionary powers to establish standards for key pollutants consistent with
Congressional mandates. It aso requires an inventory of the nation’s status in meeting environmenta
objectives, and thisinventory is conducted at aregiond levd. This process has resulted in alig of regions
that are not in compliance with the federd legidation and the USEPA’ s interpretation of the requirements
necessary to meet the spirit of Congress' intent. Current federalismlinksthe USEPA to regionsthrough state
governments. Each state containing areas that are not in compliance with USEPA standardsisrequired to
develop a plan to assure compliance by a specified deadline. Failure to satisfy the USEPA with a plan
deemed sufficient to guarantee compliance in the future places the entire state at risk of losing federa
highway dollars and perhaps other federal monies.

While the notion of individudized gate implementation plans sounds appeding on the surface, the
current arrangement immediately violates the rules of efficiency by mandating equal sandards across dl
regions. To the extent that environmental regionalism makes sense, its great advantage would be in
edablishing different standards for different regions based upon variations in margind costs and benefits.
Egablishing afixed standard gpplicableto dl regionsviolatesthe basic principle of equating margina benefits
and margind cods. Furthermore, whileindividuaized regiond plans offersthe possihility of satisfying Rule
Two of optimdity (margind cost equaization), practica experience is that the choice of regulatory mix is
never required to meet that standard. To the extent that the USEPA demands plansthat greetly violate the
rules of socid efficiency, then such apolicy will dso have the effect of generating substantid unwarranted
relocations of economic activity that will add to the socid losses. It isthe extent of these rel ocations and the
subsequent impact upon locd incomesthat this study focuses upon. While such impactsarelikely to befelt
to some degree or other in al citieswhere thistype of policy isbeing implemented, this study focuses upon
the likely impact of just one such plan in Houston area of Texas.

F. Outline of the Study

This study was commissioned by the Greater Houston Partnership. Most of the work was carried
out at RCF Economic & Financid Consulting, Inc. where Brian Edwards, Charles Parekh, Craig Koerner,
and Joon Kang made significant contributions. Following this introduction, chapter 11 sets the stage for the
study by elucidating thebasi c background of environmenta economicsasapplicableto ozoneand Houston's
ar quality problems. Chapter 111 presents the direct capital, operating and annualized codts for the 38
federd, date, and locd control measures formulated by the Texas Naturd Resources Conservation
Commisson (TNRCC) to meet the federal standards. The cost per ton of NOx reduction, or cost
effectiveness, of the measures to reduce ozone, is contrasted, asis the dlocation of costs of the measures
between households and businesses. Chapter 1V describesthe estimation of benefitsfrom ozone reduction
resulting from the TNRCC SIP. Resultsfrom arollback modd of air quality effectsare presented. EStimates
of the effects on hedth symptoms are presented. These are monetized using USEPA willingness to pay
figures. The results are used to estimate direct effects on cost of living and wages in the Houston area.
Chapter V firgt describes the regionad model used in the study. Results are then presented using the model
to estimate the impacts on the locad economy in the form of lost jobs, lower gross regiond product, lower
tax rece pts, and household incomes and wages. Chapter V1 presentsaproposed dternativeto the TNRCC
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SIP that achieves asmilar reduction in NOXx at greatly reduced direct costs and grestly reduced regiond
impacts. Chapter VII describes the sengtivity analyss undertakenin light of the scientific and technologica
uncertainties that exist. Chapter V111 provides abrief conclusion highlighting the sudy’s mgor findings.
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. HOUSTON: THE ECONOMY, THE ENVIRONMENT, AND PUBLIC POLICY
A. Houston's Environment

Despite its dependency upon the automobile and the heavy concentration of refining and
petrochemicas, Houston is in compliance with federal standards for dl pollutants except ozone. Ozoneis
unique in that it isnot directly emitted into theair by industry or households, but is created in the atmosphere
from other pollutants that are man-made. Ironicdly, Houston is in compliance with federd standards
regarding levels of NOx which plays such a crucid role in ozone creation.

The possible negative effects of 0zone have received cons derable attention, though at present there
Is considerable research left to be done. It isknown that the costs of ground level ozone areincurred in the
form of increased health costs such as respiratory symptoms, emergency room visits and decreased work
productivity. Each additiond ton of NOx released into the air results in additiona health costs. Present
evidence suggeststhat the hed th costs of excessive ozone are substantialy lessthan for other pollutantssuch
as particulates.

It has been hypothesi zed that, for the Houston area to reduce ozone levelsto the federd standards,
NOx emisson within the region must be reduced dramaticaly. At the same time, cleaning the environment
aso has opportunity cogts, and thisis particularly true of NOx. These include the costs of implementing the
technologies to prevent or remove the NOx which require foregoing useful production elsewhere in the
economy. Because mesting the federal 0zone standards requires such substantia reductionsin NOx, ahost
of regulatory strategies must be employed. Costs of the TNRCC SIP measures aso include the extra
commuting time due to lower speed limits and the additiond cost of cleaner diesd fudl.

Since Houston is not in compliance with federd ozone standards, the State of Texas through its
environmenta agency, the TexasNatura Resources Conservation Commission (TNRCC) hasbeenrequired
to submit to the USEPA aplan that will bring Houston in compliance by 2007. This plan includes nearly 40
separate regulatory provisons. To understand both past and proposed pollution abatement strategies, the
regiona chemica processes which produce ozone need to be understood.

B. The Originsof Regional Ground Level Ozone

Many different pathwaysexist by which NOx emissionslead to theformation of ground level ozone.
While the reactions that take place are extremely complicated, some common e ements may be noted.

Essentid compounds in the reaction are nitrogen oxides (NOx) and hydrocarbons, which are part
of the group of pollutants known as volatile organic compounds (VOCs). Also needed is sunlight, which
provides energy for the reaction, and water, in theform of humidity. Relaively still ar, whichisoften caused
by temperature inversionsof theair during time of high heet, allowsthe reactantsto stay together rather than
disperang into the aamosphere. This last phenomenon causes the 0zone season to be concentrated during
the summer months, whichin Houston last from May through September. Thisprocessisillugtrated in Figure
2.1.
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The beginning of the process occursduring internal combustion. Combustion exhaust fromindudtria
point sources, cars and trucks, boats, airplanes, and air conditioners (to name afew sources) release NOx
and unburned fud in theform of VOCsinto theair. The NOx and the hydrogen and carbon fromthe VOCs
react with sunlight and water to eventualy form ground-level ozone. Ozone levels in Houston are due to
human activities plus background levels due to naturd conditions aong with the trangport of ozoneinto the
regionfrom elsawhere. Problemsareexacerbated in Houstonas compared to other citiesduetoitsindustria
mix, the dominance of the automobile, the summer weather and the rapid growth of the city.

Solar
Energy

R =

Little Or No Wind
*High Temperatures. &g . Oz(ég)en
*Clear Skies

= —-_

Volatile Organic Compounds Nitrogen Oxides
(VOO) (NOX)

Figure 2.1-The Process of Ozone For mation
C. Past Effortsto Amdiorate Houston’s Ozone Problem

Origindly, measures taken to reduce ground-level ozone in Houston concentrated on reducing
V OCs. Whilereductions could be made in the VOC emitted from industria point sources, non-mobilearea
sources, and both on-road and of f-road mobile sources, the background level of VOCsremained essentidly
constant. Between 1970 and 2000, significant progress was made, with VOC emissions declining by
gpproximately onethird. Progresshasa so been madein reducing NOx emissions, with essentidly no growth
fromon-road and point sources from 1990 to 2000 and asubstantia declinein NOx from the areaand off-
road sources over the same period.
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Despite progress, Houston istill not fully in compliance with thefedera Clean Air Act amendments
of 1990. Houston is out of compliance, or in “non-attainment,” with respect to the USEPA’ s ground-level
ozone standards. Table 2.1 shows how Houston compares to other mgor U.S. cities. Los Angeles, a
frequent source of comparisonsto Houston, isout of compliance not only for ozone, but also for particulates
and carbon dioxide, as are New Y ork and Phoenix. Table 2.1 presents other examples demonstrating that
Houston is not an unusua case with respect to compliance with the USEPA rules and in fact, when
consdering al pollutants, compares favorably to most other citieslisted.

Table 2.1-Non-Attainment of USEPA Standards

City Ozone Particulates CO, SO,
Chicago X X X
Clevdand X X
Denver X X
HOUSTON X
LosAngdes X X X
New York X X X
Phoenix X X X
Seditle X

D. The Next Round of Air Quality Regulations: The TNRCC SIP

Just as Houston has made progressin reducing its air pollution, other cities have reduced their air
pollution. Figure 2.2 showshow LosAngeles, Houston, New Y ork, Chicago, and Milwaukee havereduced
NOx emissions over the past 10 years. The reductions have not been as large in Houston as in the other
cities. Houston’ s non-compliance with the federal ozone standard raises at least two questions. First, what
istheoptima policy mix, balancing theill-effectsof air pollution againgt the costs of reducing them? Second,
what can be done to satisfy the USEPA and bring Houston back into compliance, and at what cost?

The Houston region has until 2007 to meet the federal 0zone standard. The TNRCC was required
to submit a plan by December 2000, under the threat of significant consequences if it faled to do so.
Without further progress and an acceptable plan in place, Houston would continue to be in non-attainment
of the ozone standard, its residents would suffer hedth consequences from the ozone, and the state could
loseitsfederd highway funds. Therewould be restrictionson new or expanding busi nesses, with consequent
Impacts on economic devel opmen.

The SIP, created by TNRCC, must be approved by the USEPA and submitted for gpprova to the
state legidature. The 38 different measures of the TNRCC SIP directly affect both households and
businesses. The measures gpply to a large number of emission sources, broadly categorized into point
sources, on-road mobile sources, and areaplus non-road mobile sources. The reductionsin NOx emissons
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from the mgor sources under the TNRCC SIP are shown in Figure 2.3. Totd NOx emissonsin 2007, in
the absence of adopting the TNRCC SIP are estimated to be 1,001 tons per day (tpd). If the TNRCC SIP

is adopted, 2007 emissions are estimated to be 414 tpd.

Figure 2.2-Reductionsin Ozone Over Past 10 Years
Based on USEPA Design Values
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1. DIRECT COSTSOF IMPROVING AIR QUALITY

A. The TNRCC SIP

As has been noted, the SIPisaproposa by the TNRCC to reduce pollution in Texas. The aim of
the parts of the TNRCC plan gpplicable to the Houston areais to reduce the emissions of NOx and bring
the area into compliance with the federal one hour ozone standard by 2007 set in the Clean Air Act
Amendment of 1990. The TNRCC SIP contains 38 different measures (plus two other projects that had
already been implemented, and two “cap and trade” emissons trading measures that were judged to be
irrdlevant, asit was assumed that therewould be no reductions below the NOx capsto trade and therefore
no cogsto estimate). The verson of the TNRCC SIP andyzed in thisstudy isthe August 2000 version with
some modificationsresulting from community discussonsand public hearings after itsrelease. Theseinclude
modifications to the Texas boutique fuel s measure (€iminating the requirement for Texaslow sulfur gasoline)
and to the lawn equipment operating restrictions (which now only apply to firms, as opposed to applying
to al equipment users). The verson anayzed in thisstudy is close to the December version adopted by the
TNRCC.

Asaresult of the December 6, 2000 meeting of the TNRCC, the final adopted TNRCC SIP was
different from that consdered in this report in a few ways. The measures mandating new air conditioner
standards, diesel emulsion fud, and NOx reduction systems (heavy-duty vehicle tailpipe systems) were
eliminated. The bans on using diesd congtruction equipment and on using light gasoline-powered lawvn care
equipment from 6:00 AM to noon during daylight savings time were diminated from the rural counties of
Chambers, Liberty, and Wdler. For dl remaining counties in the case of congtruction equipment operating
restrictions, for the entire HGA subject to the requirement for the accelerated purchase of Tier 2/Tier 3
heavy diesel equipment, and for the Ingpection/Maintenance requirements for motor vehiclesin the rurd
counties, the plan stipulated by the TNRCC may be replaced by a different plan if this new plan givesthe
equivdent NOx reduction. Specific acceptable adternatives, however, were not described. The major
provisons leading to the high cost of the TNRCC SIP remain.

B. Estimation M ethods

Congderable effort had to be devoted to devel oping cost estimates. Cost estimates published inthe
TNRCC SIP document were fragmentary and insufficient for completing an economic evaluation. The
information used to construct the cost estimates for the various NOx control measures was obtained from
anumber of sources. These included (TNRCC), the Business Codition for Cleaner Air (BCCA), various
sources within the specific industries affected by the measures, the United States Environmental Protection
Agency (USEPA), and RCF. TNRCC did not report costs for seven measures. For some measures,
TNRCC cogt estimates were, at best, only partia, and for others the interpretation of the numbers was not
clear. For instance, it was not always clear whether capital costs or annualized costs were being reported.
In some cases, detailed work drawing on industry information led to revisions of TNRCC estimates for use
in the present study.
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In cases where no explicit monetary costs were involved, such as the costs of waiting in line for
motor vehicle ingpections, dollar equivaent costs were assessed for the time and inconvenience involved.
This was epecidly important in assessng the cogts of the 55 mph speed limit, in which the only apparent
costs were negative, i.e., fud savings, until time costs were taken into account. Implicit costs were o
important in assessing theimpactsof other measures, such asmotor vehicleinspection and maintenance, and
vehide engineidling redtrictions.

Measures with significant capita costs required particular care. Capita estimates from different
sources were frequently not in agreement. When this occurred, RCF paid particular attention to estimates
withthe most detailed considerations of the costsinvolved. In the evauation of the costs of restricting NOx
fromthemgor indudtrid point sources, Sgnificantly different estimateswere received fromthe TNRCC and
the BCCA. RCF chose the estimates derived from the more detailed consideration of cogts. For example,
the BCCA noted that, in some cases, the examples used by the TNRCC relied on isolated instances of new
technologies, experience with industria apparatuses used differently from what would be necessary in
Houston, or technologicaly optimistic extrapolations from currently existing technology. It should be
emphasized that, due to the nature of the study, the costs presented in this chapter are subject to some
uncertainty. No city has been asked to achieve as much as Houston in such a short period of time. When
figures were available from different sources, an attempt was made to arrive a a consensus figure. If a
consensus figurewas unclear, the philosophy wasto chooseaconservativeestimate. A conservative number
is defined as a number that will not overdate the costs but may understate them.

Virtudly no available cost estimates gavefiguresfor different years. Cost estimatesusually pertained
to only one year. Since acomplete time series of costs was needed for use in the modeling of the Houston
economy, RCF estimated time series of the costs of the proposed measures. In measures with sgnificant
capita codts, it was often unclear whether the given costs were yearly amounts of totd investment, or were
ingtead the annualized expenditures for these measures. Smaller individua expenditures, such as those for
NOx reduction systems (such astail pipe antipollution systems), are capitd expendituresin that they last for
years and their costs may be distributed over these years. Y et it was sometimes not clear whether the cost
estimate was for buying the systems, or for the amortization of the total capital purchased. RCF eval uated
the figures to determine how to properly categorize the codis.

Measuresinvolving the phase-in of capital investmentsover timerequired aseparate cost calculation
for each year’ sinvestment. Asthe precise timing of theseinvestments by year was seldom provided by the
TNRCC, an estimated phase-in reference was worked out by RCF in consultation with industry experts.
For someof thelarger capita measures, particularly those gpplying to industrid point sources, Texascleaner
diesd fud, and the accelerated purchase of diesal equipment meeting the federal Tier 2/3 standards, a
phase-in was employed, in which the costs were built up over 4 years.

While the views of industry personnel on interest payments and depreciationrates were taken into
account, RCF employed its own amortization procedures to develop find cost estimates. The annudized
cost of the capital was cd culated asthetota capital expenditure multiplied by the capitd amortization factor,
which was 0.180622 in most cases. This number was calculated by determining how much must be paid
every year over an assumed 10-year life of the equipment to pay off the amount of the equipment’ sorigina
cost, assuming the risk-adjusted discount rate for thistype of industria investment is 12.5 percent per year.
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Thecdculaionis

where Risthe amortization factor, r isthered interest rate, and time goesfrom t to T. In the case of this
cdculation, T=10, r=0.125, and R=0.180622.

C. Control Cost Summary

Capita cogts, operating costs, and annualized total costs are shown for the major cost components
of the TNRCC SIP in Table 3.1. The combined cost of al measures proposed in the TNRCC is
goproximately $4.1 billion in 2007, the year in which Houston must meet the federa ozone standard to
comply with the Clean Air Act Amendments.

Table 3.1-Control Costsfor the Houston Area
(Millions of Dollars)?

Measure Capital Operating Annualized
Cost Cost? Costs®

Federal Measures Total $658 $21 $140
State M easur es

Point Source $7,236 $277 $1,446
Condruction Restrictions $419 $1,436 $1,512
Texas Cleaner Diesdl Fuel $300 $26 $75
Lawn Service Redtrictions $1 $6 $7
Accderated Tier 2/3 Equipment $2,541 $0 $341
55 Mph Speed Limit $0 $196 $196
Other State $1,783 $74 $396
Local Measures Total $470 $41 $126
Totals $13,408 $2,079 $4,239

&Y ear 2000 Prices

The NOx control measuresaredivided intofederd, state(i.e. overseen by state agencies), andloca
(i.e. overseen by local governments) level measures. The federal measures are not subject to approval by
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any date, and do not affect incentives for interregiond re-alocation of people or resources. The costs of
al federd measures are given in Table 3.2. (Cogts are for the year 2007 deflated to be expressed in year
2000 prices). Federd measures tota $140 million, including a $39 million low-sulfur gasoline measure, a
$35 miillion measure for Phase |1 reformulated gasoline, a$26 million measure for the nationa low emisson
vehide measure, a $5 million measure to comply with new standards for heavy-duty diesel engines, and
lesser cogtsfor new standards for off-road diesels and previoudy unregulated engines such asthose of low
power locomotives and marine vessels.

Table 3.2-Federal Components of Costs
(2007 Annualized Costs, Millions of Dollar s)?

On-Road Mobile

Federa Low-Sulfur Gasoline $39
Heavy-Duty Diesdl Standards $5
Phase Il Reformulated Gasoline $35
Nationa Low Emission Vehicles $26
Tier || Standards $23

Off-Road M obile Sources

Heavy-Duty Diesdl Standards $5

Smadl Engine Standards $4

L ocomotive Standards $1

Combined Commercid and Recreational Marine Standards $0.49

Total Federal $140
&Y ear 2000 Prices

State measures condtitute by far the largest component of cogts, totaling $3,973 million. Asshownin Table
3.3, the most expengve state measure is the ban on heavy diesd usein congtruction from 6:00 A.M. until
noon during daylight savings time, which would cost $1,512 million per year. The measure to achieve the
90 percent NOx reduction from point sourcesis next in expense, with an annudized cost of $1,446 million.
Thesetwo measures done account for 74 percent of thetota costsof NOx control inthe TNRCC SIP. The
purchase of diesd equipment to comply with the federal Tier 2 and Tier 3 Sandardsis accelerated as part
of the TNRCC SIP, a an annuaized cost of $341 million. Other mgor measures include motor vehicle
ingpecti onand maintenance checksfor compliancewith automobile pollutionstandards ($52 million), Texas
cleaner diesd fud with its reduced sulfur content ($75 million), new standards for air conditioners ($204
million), speed limit reductions to 55 mph ($196 million), and adiesd emulson measure in which water and
emulsfier is added to diesd fuds to burnwith less pollutant output, but at acost in output per galon of fud
($72 million). Other measures are included which propose such measures as to how long trucks may idle,
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whenlawn carefirms may mow the lawns, and what kinds of small gasoline-powered engines may be used.
Finaly, locd measuresto control NOx have atotal cost of $126.1 million per year.

Table 3.3-State Components of Costs
(2007 Annualized Costs, Millions of Dallar s)?

Point Source NOx Controls $1,446
| ngpection/Maintenance $52
Congtruction Work Day Restriction $1,512
Texas Cleaner Diesdl Fuel $75
Lawn Service Operating Restrictions $7
Accderated Purchase of Tier 2/3 Equipment $341
Resdentid & Commercid Air Conditioners $204
NOx Reduction Systems $17
55 Mph Speed Limit $196
Diesd Emulsion Fuds $72
Airport Ground Support Equipment $28
Cdifornia Spark-Ignition Engines $12
Vehide Idling Redtrictions $11
Total State $3,973
aY ear 2000 Prices

As shown in Table 3.4, the most costly messure, at $63.4 million per year, is a series of construction
projects, which calls for both road improvement and creation of bicycle paths, entitled “ Transportation
Control Measures” Energy efficiencies for buildings are mandated at $7.3 million per year. All other loca
measures fall under the “Voluntary Mobile Emissions Reduction Measure” This includes a number of
separate measures, including replacing current busses with dectric or hybrid-eectric busses, buying older
and more polluting vehicles and replacing them with newer, less polluting ones, increasing public
trangportation, and measures to change driving patterns.
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Table 3.4-L ocal Components of Costs
(2007 Annualized Costs, Millions of Dollar s)?

Voluntary Mobile Emission Reduction Measure

Electric Airport Shuttle Buses $1.2
Scrappage $9.8
Smoking Vehicle Measure $0.004
Purchase of Hybrid Electric Buses $1.6
Shuttle for Hire Fleet Controls $0.3
Non-Road Spark-Ignition Three-Way Catalyst Retrofits $0.4
Reduce Tug/Push Boat Activity $0.7
Pricing Measures $34.3
Commute Solutions Measure $1.2
School Year Schedule Change $1.0
Transtar Expansion $1.5
Expanded Transit Services $1.4
Clean Air Action $0.4
Land Use Measures $1.7
Energy Efficienciesfor Buildings $7.3
Transportation Control Measures (TCMs) $63.4
Total Local $126.1

2Y ear 2000 Prices
D. Cost Effectiveness of Different M easures

The control measures were analyzed for their cost-effectiveness. Estimates of NOx reductions in
tons per day were given in the August 2000 TNRCC SIP proposa. These were compared with the
annualized cogsto yield an annud cost of reducing NOx by 1 ton per day, or cost effectiveness, for each
different measure. Resultsare shownin Table 3.5. Thefedera measures, in some casesregul ating previoudy
unregulated sources of pollution, had an average cost effectiveness of $2,306 per ton-per-day reductionin
NOx. For the loca measures, this value was $15,572.

The state measures had an enormous variance in cogt-effectiveness. The ban on using diesel engines
in congtruction during the early day would cost $618,220 per ton-per-day reduction. The accelerated
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purchase of new diesdl equipment to meet the federd Tier 2/Tier 3 standards would cost $76,672 per ton-
per-day. To achieve the find 1 percent of the 90 percent reduction in NOx output from the point sources
would cost $58,924 per ton-per-day. The air conditioner standards would cost $43,063, and the 55 Mph
speed limit $29,460, per ton-per-day. Other measures were significantly more cost-effective. Ingpection
and mai ntenance requirements for motor vehicleswould be the most cost-effective, at $3,400 per ton-per-
day.

Table 3.5-Policy Cost Effectiveness

TNRCC SIP
Annualized NOx/Day Cost
2007 Cost Reduction Effectiveness
($Millions)? (Tons) ($Ton)?
Federal 140 166 2,306
State
Point Source 1,446 599 58,924
I nspection/Maintenance 52 42 3,400
Congtruction 1,512 7 618,220
Texas Cleaner Diesdl Fuel 75 7 29,989
Lawn Service 7 1 16,627
Accelerated Tier 2/3 341 12 76,672
Air Conditioners 204 13 43,063
55 Mph Speed Limit 196 18 29,460
Diesd Emulson Fud 72 11 18,487
Vehide Idling Redtrictions 11 1 32,676
Other State 56 24 6,388
L ocal 126 22 15,572
&Y ear 2000 Prices

®Cost of an additional ton of NOx reduction at 90 percent control

E. Allocation of Capital Coststo Businesses and Households

Inassessing theimpact of the TNRCC SIP on businesses and householdsin Houston, only the state
and loca measureswereexplicitly consdered. Federal measuresare beyond thelegidative authority of both
the state and locdl legidatures and do not differentialy impact different regions and their economies.
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As shown in Table 3.6, more than $3.8 billion of the annualized costs of the TNRCC SIP fdll
directly on businesses in the Houston area. The mgjority of the codts, 76 percent, are in two measures, the
90 percent NOX reduction by industrid point sources, and the ban on using diesel engines in construction
from 6:00 A.M. until noon during daylight savingstime. Nearly $300 million of the annuglized TNRCC SIP
costsfal directly on Houston areahouseholds. Morethan onethird of thisis dueto the proposed speed limit
reductionto 55 Mph alone. These costs to households are offset by areduction in ground-level ozone, but
the benefits fromthis reduction are only $40 million per year, aswill bediscussed in chapter V1. Thismeans
that the net direct increase of costs to Houston households is over $260 million.

Table 3.6-Allocation of State and Local Coststo Businesses and Households
(Millions of Daollar s)?

Annualized Borne by Borneby
2007 Cost Businesses Households

State

Point Source $1,446 $1,446 $0
Congtruction Work Day $1,512 $1,427 $85
Texas Cleaner Diesdl Fuel $75 $75 $0
Lawn Service $7 $1 $6
Accelerated Tier 2/3 $341 $341 $0
55 Mph Speed Limit $196 $93 $104
Other State $396 $320 $76
Local $126 $102 $24
State & Local Totals $4,099 $3,805 $294

2Y ear 2000 Prices

To compensate for this cost of living increase to Houston households, wages in Houston will have
to rise by 0.32 percent, or by $262 million. If they do not, workers would be expected to migrate out of
Houston until the resulting labor shortage causes the wagesto rise by thisamount. Thiswageincreaseisnot
a benefit to the Houston workers. Rather, it isanecessary compensation for the losses due to higher taxes
and other costs (such as motorigts fees and the time costs of taking longer to commute at lower speeds).
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V. BENEFITSOF IMPROVING AIR QUALITY
A. I ntroduction

Theair quaity benefits of ozone controlsenter the estimation of regiona economicimpactsbecause
ar qudity influences the willingness of people to live and work in Houston. As just noted in the previous
chapter, the benefits of the TNRCC SIP offset some of the costs imposed on householdsin arriving a the
net wage compensation needed to make workers indifferent to living in Houston and € sewhere.

To evaluate the benefits, amodd of the effects of loca NOx emissions on Houston areaair qudity
was needed. We utilized a rollback air disperson modd to estimate potentia effects of SIP controls on
ozone levelsfor each day of the year, usng 1999 as a prototype year. The fourth highest ozone day in a
three year period is the design day that determines the reduction in emissions required to meet the federd
standard of 124 parts per billion (ppb). Therollback modd posits that reductionsin ozone levelsin excess
of the background ozone level are proportiona to changes in Houston area NOx emissions. According to
the rollback modd, the SIP reduces the excess of the ozone level over the background level on every day
of theyear by the same percentageit is reduced on the design day. Assuming that the SIP control measures
reduce Houston's contribution to local ozone by 59.4% on the design day, Houston's contribution is
reduced by 59.4% on dl other days of the year. Houston's contribution on each day of the year in the
absence of the SIP is measured as the excess of Houston area daily ozone concentrations in 1996, when
there was no SIP, over the background ozone level. More complex air quality modeling techniques may
yidd different benefit values, but because in the end the estimated benefits were very smal compared to
costs, the basic conclusions of the study should not be affected.

The hedth symptom effects of the changes in ozone due to the SIP were estimated drawing on
epidemiologicd studiesreviewed by USEPA. The agency’ sestimates of themost likely effects of aoneppb
reductionin ozone were used. The hedth symptom effectswere, in turn, monetized using USEPA estimates
of willingnessto pay for symptom rdief. The monetized value of a one ppb reduction per person in ozone
was trandated into Houston area benefits for each symptom considered in a sudy by multiplying by the
number of persons in the Houston area and then by the reductions in ozone levels added over dl days of
the year as esimated from the rollback modd. Non-overlapping scenarios from the studies were
congtructed. The benefits from each study included in a scenario were added. The scenarios gave arange
of total benefit estimates. The most likely scenarios gavetota benefitsto Houston households of $40 million
per year.

The organization of this chapter is as follows. The andysis of effects of benefits of improved air
quality is carried out in three mgor steps. The first mgjor step isto estimate changesin ar qudity brought
about by the proposed TNRCC SIP. Thisstep iscarried out in Section B. Using therollback modd, order
of magnitude estimates are devel oped for reductionsin average daily ozone concentrationsin the Houston
areathat would be brought about by adoption of the proposed TNRCC SIP.

The second magjor step, carried out in Section C, isto estimate the va ue of the ozone reductionsto
Houston residents, which involves a series of substeps. The improvements in hedth symptoms per person
resulting from a one ppb daily average ozone change are first estimated drawing on USEPA reviews of
epidemiologica studies. Then the monetary vaues of improvements in heath symptoms per person from a
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one ppb change in 0zone are estimated, again drawing on the USEPA. The monetary values of the hedth
Improvements per person are combined into symptom scenarios and multiplied by the Houston area
population to obtain total benefits of aone ppb ozone reduction to the Houston area. Findly the benefits of
aone ppb reduction in ozone are multiplied by the totd change in ozone concentrations resulting from the
proposed TNRCC SIP as derived from the rollback model in section B.

The third mgor step, carried out in Section D, isto compare the benefits of the ozone reductions
withthe costs of control measures borne by Houston area households, in order to obtain the net effect of
the proposed TNRCC SIP on Houston area households. The difference between the benefits and costs
borne by Houston area households determines the change in money wage necessary to attract labor to the
Houston area.

B. Rollback Model of Air Quality Effects

The design day, or day used to determine the ozone reduction necessary to bring the Houston area
into compliance withthe Nationad Ambient Air Quality Standards (NAAQS), isthe day on which thefourth
highest hourly ozone reading within athree year period occurs. For the 1997-1999 period, the indicated
desgn day is August 25, 1999 when the maximum hourly reading was 203 ppb. Since the one hour
NAAQS for ozone is 124 ppb, the indication isthat TNRCC SIP controls must be sufficient to reduce the
maximum hourly reading on the design day by 203 minus 124, or 79 ppb.

Conversations with TNRCC suggested using amaximum background level of ozone of 70 ppb due
to natura conditions and transport of ozone into the area from elsewhere. The Houston area contribution
to maximum hourly ozone on the design day is then estimated as 203 minus 70, or 133 ppb. Dividing the
79 ppb required reduction by Houston's contribution of 133 ppb gives a required reduction in Houston's
contribution of 59.4 percent. The TNRCC SIP control measures will contribute to reductions in ozone
concentrations on other days of the year aswell as on the design day. The estimated reduction in maximum
daily ozone reading is (Xy-Xyg)P Where Xy isthe maximum hourly ozone reading in the absence of the
TNRCC SIP on the t" day of the year, and the assumed background maximum is X,g. P is the
proportionate reduction in Houston's contribution brought about by the TNRCC SIP. P equas (X p-
Xus) (KXuo-Xus) Where Xyp is the maximum on the design day and X,,s isthe NAAQS standard. The
numbers presented so far are X,,,=203, Xys=124, P=.594 and X,,z=70.

The benefit estimation to be consdered below relates hedth symptoms to average daily reading
rather than maximum daily reading. Figure 4.1 shows daily vaues of the maximum and averagefor each day
of 1999 and indicates that, while the average is of course |less than the maximum, the two measures vary
together. On the design day August 22, 1999, the average hourly ozone reading taking the mean of theeight
monitors with useable data was 27.05 ppb. The ratio of average to maximum was 27.05/203, or .133.
Applying this ratio to the assumed background maximum of 70 gives a background average of .133 times
70 or 9.33. The estimated reduction in average daily ozonereading is (X a- X ag)PWhere X 5 istheaverage
hourly reading on the t" day of the year without the TNRCC SIP and X,5 is the average background
reading assuming no contribution from the Houston area. Letting R=X,z/X g be the ratio of background
average to background maximum, the estimated reduction in average daily ozone reading due to the
TNRCC SIPis (Xa-XugR)P. With the assumption of a given ratio of average to maximum reading, the
proportionate reduction P is the same whether averages or maximums are considered sincetheratio enters
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the numerator and denominator of P and cancels. In the numbersgiven sofar, Premains 594, and R equals
133

Figure4.1-Hourly Maximum and Daily Average Ozone Levels
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Thetop line inthe Figure 4.2 gives average daily ozone reading for each day in 1999, repesting the
figures plotted earlier. The lower line gives estimated average readings under compliancewiththe TNRCC
SIP. It is obtained by subtracting the reductions due to the TNRCC SIP (X ,-X\gR)P from the top line
vaues. The estimated reductions (X -X\gR)P are plotted in Figure 4.3, “Reductions in Average Ozone
Dueto the TNRCC SIP.” These average daily ozone reductions are used below as the starting point for
esimating physical symptom reductions.

Figure 4.3-Reduction in Average Daily Ozone L evels Dueto the
TNRCC SP
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As a sengitivity check, caculations were done using other values of X,z and R. As noted, the
maximum background Xy, of 70 used in the calculations presented here was suggested in conversations
withTNRCC personnel. A perusd of the observed Xy’ s revealed anumber of vauesaslow as50, which
was tried as andternative vaue. Thevaueof R of 0.133 used here was obtained astheratio of the average
to the maximum on the design day. The average of the ratios for al days of the year is 0.364, which was
tried asan dternative. Thedternativevaluesal led to lower estimates of benefitsthan the numbers presented
here.

C. Value of Ozone Reductions

1. Morbidity Responsesto Ozone in Houston

Descriptive medicd literature exists suggesting that ozone may have physicd effects, such ascdlular
and molecular changes in the lung resulting from inhdation of ozone. This descriptive medicd literature is

non-quantitative. Another type of evidenceis anima chamber studies with controlled levels of high doses
of ozone. The animd chamber studies find evidence of temporary effects, while the evidence on long term
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effectsisnot conclusive. Still another type of evidenceishuman chamber studies. These dso find temporary
effects, but dosagelevelsaretoo low and too short lived to test for long term effects. Finally, epidemiological
studies consider correlations between symptoms observed in non-experimenta populations and monitored
ozone levels. These range from diary studiesto time series studies of hospital admissions and sdlf-reported
symptoms over a number of years in particular cities. Increasing effort has been devoted to these latter
studies. The USEPA has reviewed them thoroughly. Mgor reliance in the present study is placed on the
USEPA review of epidemiology studies.

A vaiety of epidemiologicd sudies have attempted to quantify various physica effects that
amospheric ozone can have on human populations. These studies make it possible to estimate hedlth
improvements expected to result from reductions in atmospheric o0zone concentrations. The USEPA
publication, “ The Benefitsand Costs of the Clear Air Act: 1990-2010" (November 1999), wasrelied upon
for their selection of studies upon which to base benefits estimates. The USEPA publication is particularly
useful because it develops aset of functionsthat are computationdly convenient and that estimate the likely
hedlth effects of ozone in multi-pollutant settings. USEPA’ s sdlection of studies examines awidevariety of
hedth effects. This has two mgor advantages. Oneisthat it permits different aggregation pathsthat can be
compared as checks against each other. Another is that a number of studies measure the same, or nearly
the same, hedlth effects, and can be compared to each other as a partial vaidation procedure.

USEPA sdlected 21 studies of morbidity effects of ozone. Four studies examined dl respiratory
symptoms, two examined combinations of some respiratory symptoms, three examined pneumonia, three
examined chronic obstructive pulmonary and obstructive lung diseases, Sx examined asthma, two examined
cardiac and dysrythmia symptoms, and one examined minor restricted activity days.

Reference numbers that we have assigned to the Sudies are listed in column 1 of Table 4.1. Full
bibliographic identifications of the studies are given at the end of this chapter. The symptom considered in
each study is shown in column 2 of Table 4.1. A typica study regressed hospitd admissons for a certain
type of symptom, such as hospitd admissons for respiratory allments each day, on 0zone concentrations
inparts per billion that day or lagged. Thetypica study pertained to aparticular city using observations over
severd years. Various additiond explanatory variables were used, including concentrations of other
pollutants, season, and day of week.

Cases per person due to a one ppb change in average daily ozone concentration are shown in
column 3. The origind studies were not uniform in measurement of ozone. Most used average daily
concentrations, that is, daly 24 hour averages. Other measures, including maximum daily one-hour
concentrations and daily 5, 8 or 12 hour averages, were aso used. These differences required that ozone
concentrations as measured in the studies be re-expressed in different units so that the functions could be
applied to the Houston data on average daily concentrations. These conversons affect the cases per person
in column 3.

To ducidate the conversions, let x be the daily symptom per person. Then the USEPA publication
gives dx/dz; for each study, or change in symptom per person in response to a change in Z;, where Z; is
0zone measured in the units used in a study reviewed by USEPA. The ozone unit used for our ozone
concentration effects for Houston estimated above in Section B isaverage daily ppb which may be denoted
Z,. Tofind the hedth effects in Houston, we need to multiply the estimated effects of the SIPon Z, by the

Texas Public Policy Foundation § Page 33



CLEARING HOUSTON'S AIR:
An Economic Evaluation of Clean Air Act Compliance Strategy Alternatives

hedlth effect per unit change in average daly ppb dx/dZ,. To convert dx/dz; from one of the studies to
dx/dZ,, we use the rdation dx/dZ,=(dx/dz)(dz/dZ,) which multiplies the coefficient from the study by
dz/dz,, the change in ozone measured in the units of the study with respect to a change in average daily
concentration.

Theunit used in studies 1, 2, 6, 7, 8,9, 10, 11, 12, 13 and 20 isaverage daily 0zone concentration
giving dx/dZ, directly. The unit used in sudies 4, 5, 14, 15 and 21 is the daily maximum. Regressing the
daly vaue of maximum on daily average concentration in Houston for 1999 gives an esimate of the vaue
needed for conversion of the units of these sudiesdz/dZ, of 2.24. The maximum is more variable than the
average and goes up by 2.24 times the average when the average is observed to change. The remaining
studies use daily 5-hour (studies 16, and 17), 8-hour (study 18) and 12-hour (studies 3 and 19) averages.
The daly average Z, changes by y/24 for every unit changein the y-hour average Z, that is by the change
in the restricted hour average asafraction of the total number of hoursin the 24-hour daily average period.
Thus, dZ,/dZ; =y/24, or taking the reciprocd, the vaue needed for conversion of unitsis dz/dZ,=24ly.

Continuing with the explanation of Table4.1, “Relevant population” in column 4 multipliesthe cases
per person in the preceding column by the number of people in the Houston popul ation to whom the cases
refer, i.e. total Houston population of 4,218,139 for studies gpplicable to the tota Houston population and
Houston population in particular age groups for studies confined to an age group. For example, the study
minor redtricted activity days ( MRADS) in the last row pertains to ages 18-65. The respiratory studiesin
rows 1 and 2 pertain to persons age 65 and older. “Number of Cases’ in column 5 is the product of
columns 3 and 4. In row 1, for example, Houston would expect 0.48 respiratory casesin responseto al
ppb increase in 0zone, according to study number 1.
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Table 4.1-Values of Symptom Changes in the Houston Area from a One ppb Change in
Average Daily Ozone Level

Study Symptom$ Cases/Person | Relevant Pop [Number of Cases|EPA Value/Case® EPA Total*
1 | All Respiratory Conditions > 65 852.0E-9 330,218 0.2813 $ 8,500 | $ 2,391
2 | All Respiratory Conditions > 65 315.0E-9 330,218 0.1040 $ 8,500 | $ 884
3 |All Respiratory Conditions < 65 259.8E-9 3,887,921 1.0101 $ 8,500 | $ 8,586
4 | All Respiratory Conditions < 65 37.5E-9 3,887,921 0.1457 $ 8,500 | $ 1,238
5 19 Acute Respiratory Symptoms 18-65 | 156119.3E-9 2,626,213 410.0025 $ 221 $ 9,020
6 |Respiratory Infection all ages 30.9E-9 4,218,139 0.1303 $ 8,500 | $ 1,108
7 |Pneumonia > 65 271.0E-9 330,218 0.0895 $ 8,500 | $ 761
8 |Pneumonia > 65 196.0E-9 330,218 0.0647 $ 8,500 $ 550
9 |Pneumonia > 65 149.0E-9 330,218 0.0492 $ 8,500 | $ 418
10 |COPD > 65 168.0E-9 330,218 0.0555 $ 8,500 | $ 472
11 |COPD > 65 103.0E-9 330,218 0.0340 $ 8,500 | $ 289
12 |Obstructive Lung Disease all ages 17.5E-9 4,218,139 0.0738 $ 8,500 | $ 627
13 |Asthma all ages 11.9E-9 3,887,921 0.0463 $ 8,500 $ 393
14 |Asthma self-reported asthmatics 108410.0E-9 236,638 25.6539 $ 39| $ 1,001
15 |Asthma all ages ER visits 3.7E-9 4,218,139 0.0157 $ 2381 $ 4
16 |Asthma all ages ER visits 47 .9E-9 4,218,139 0.2021 $ 238 | $ 48
17 |Asthma all ages ER visits 134.4E-9 4,218,139 0.5669 $ 238 | $ 135
18 |Asthma < 65 chronic onset 504.0E-9 1,128,357 0.5687 $ 37,000 | $ 21,042
19 |Cardiac all ages 403.2E-9 4,218,139 1.7008 $ 11,700 [ $ 19,899

20 |Dysrythmia all ages 10.9E-9 4,218,139 0.0460 $ 11,700 | $ 538
21 |Minor Restricted Activity Day 18-65 7535.8E-9 2,626,213 19.7905 $ 47| $ 930

S Daily hospital admissions rate unless stated otherwise
° Year 2000 prices

* The value to Houston of a one ppb reduction in ozone for a particular disease per day
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2. Monetary Values Attached to Symptom Reduction and Combining of Studies to
Estimate Total SIP Benefits

Column 6 of Table4.1 givesdollar vaues per case assigned by the USEPA to the symptoms based
on a comprehensive survey of the literature on hedth vaues. The valuesin column 6 are those reported in
USEPA 1999, p.70 inflated to 2000 prices from the USEPA vaues given in 1990 prices. Column 7 gives
dollar vaues of symptom reduction to Houston for a 1 ppb reduction in ambient 0zone concentration, as
caculated for each sudy by multiplying column 5 by column 6.

The 21 ozone morbidity studies reviewed by the USEPA cover a variety of non-comparable
gtuations. Some of the studies refer to broad categories of symptoms, while others pertain to individua
symptoms. Somecover dl age groups, while others cover subgroups. The next task isto combinetheresults
of the studiesinto coherent scenarios. Combining the studies requiresthat care be exercised to avoid double
counting of benefits while obtaining measures that are as inclusive as possible. The ICD-9 (Internationd
Classification of Diseases-9™ edition) is available for each of the conditions appearing in the 21 ozone
morbidity studies reviewed by USEPA. The classificationwas consulted during the adding-up phase of the
andysis. Table 4.2 shows the definitions of each scenario.

Table 4.2-Definition of Health Benefit Scenarios

SCENARIO COMPONENT STUDIES
One 5,20
Two Average of 1 and 2, Average of 3 and 4, 20
Three 6, 12,13, 20
Four 6, 12, 14, 20
Five 6, 12, 20, 21
Six 6, 12, 18, 20

One basic type of scenario (aggregate type) combines studies pertaining to largely non-overlapping broad
categories. The other type of scenario (disaggregate type) builds up a set of vaues from more detailed
studies again chosen to be as non-overlapping aspossible. Scenario Oneisan aggregate scenario combining
studies 5 and 20. It adds estimated health effects (Study 5) pertaining to dl respiratory symptomsto cardiac
hedlth effects using an adjustment to dysrythmia (study 20) asan estimate of cardiac effects. The respiratory
symptoms in study 5 cover al the component respiratory symptomsin the other studies, which aretherefore
not used in this scenario. The other type of symptom inthisscenariois cardiac, whichisnot covered by the
respiratory symptoms. Study 19, pertaining to cardiac al ages, gave such extremey implausible results as
to preclude its use. The assumption that one third of cardiac patients have dysrythmialed to multiplying the
dysythmiaestimate of sudy 20 by 3 asthe estimate of cardiac effectsof ozone. Adding the monetary vaues
for study 5 and three times the monetary vauefor dysrythmiashown in column 6 of Table 4.1 for aone ppb
change in ozone, multiplying by the total hours of ppb reduction due to the SIP of 4,011 as estimated from
the rollback mode in Section B, gives 2007 benefits of the SIP to the Houston area of $44 million.
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Scenario Two is aso anaggregate scenario. It addsthe average of studies 1 and 2 pertaining to all
respiratory symptoms of persons 65 and over to the average of sudies 3 and 4 pertaining to those under
65 to obtain estimates for respiratory symptoms in place of study 5 used in Scenario A. Three times the
effects of dysrythmiais again used for cardiac effects. Following the same calculation procedure, the total
benefits for this scenario are $34 million.

The remaining scenarios are disaggregate, usng specific types of respiratory symptoms instead of
aggregates of dl respiratory symptoms combined. Each of the disaggregate scenariosisidentical except for
the treetment of asthma. They dl use study 6 for respiratory infections of persons of dl ages, sudy 12 for
obstructive lung diseases of persons of al ages, with different measures in each case for the remaining
respiratory category of asthma. As before, three times the effects of dysrythmiais used for cardiac effects.
Scenario Three adds to this basic disaggregate set study 13 pertaining to hospital admissonsfor asthmaof
persons of dl ages. Tota benefitsfor Scenario Three are $15 million. Scenario Four replaces study 13 with
study 14 which is for sdlf reported asthma. Scenario Four gives benefits of $18 million. Scenario Five uses
sudy 21 pertaining to minor restricted activity days as asurrogate for asthma symptoms. While the effects
of ozone on minor restricted activity daysare dueto more conditionsthan asthma, someasthmaisnot severe
enough to cause activity restriction, so the effectsare to some extent offsetting. Study 21 givesresultssmilar
to study 14 and is suggestive that much of the effects of ozone on redtricted activity days may be due to
asthma. Scenario Five benefits are $18 million. Finaly, Scenario Six uses, as the athma effect , study 18
for effect of ozone on onsat of chronic asthma. Scenario Six gives benefits of $101 million.

Theremaining studieslisted in Table 4.1 may be viewed as corroborative but are not used because
they pertain to incompl ete subsets of the symptoms covered in the scenarios. Studies 10 and 11 on chronic
obstructive pulmonary disease(COPD) for person 65 and over are primarily for a subset of study 12 on
obstructive lung diseasefor persons of al ages. As expected they givelower hedlth benefits. Studies 15, 16
and 17 are for emergency room vidits for asthmaand as expected give low benefitsin relation to the other
asthma studies which cover the great amount of discomfort from asthma that does not require emergency
treatment.

Congdering dl the scenarios, the aggregate Scenarios One and Two merit greatest consideration.
They are the most comprehensive in coverage of symptoms, and they give benefitsthat are Smilar in order
of magnitude. The average for these two scenariosis close to $40 million, which is used asthe mogt likely
estimatein the present investigation. Among the disaggregate scenarios, Scenarios Three, Four and Fiveare
in the narrow range of $15 million to $18 million. These estimates may be low because in their attempt to
aggregate from individua symptoms, they exclude some of the hedth effects of ozone. The remaining
scenario, Scenario Six, gives the high benefit estimate of $101 million because of the high vaue attributed
to onsat of chronic asthmaby study 18. Study 18isfor ardatively smdl sample and anomadoudy findsthat
thereis an estimated effect for adult males, but no effect for females. If one were to give a reduced weight
to thisstudy of onethird, the estimated total benefitswould bein thevicinity of $40 million, smilar to favored
scenarios One and Two.
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3. Additional Condderations

Most of the epidemiology studies are for northern cities where time spent outdoors during the
daytime is greater than in Houston, because temperatures in Houston are higher and air conditioning is
heavily relied on. Thisconsderation would makethe hedlth benefitsfor the Houston arealess than estimated
here, in view of less exposure to ozone than in northern cities.

A previous sudy , “ Assessment of the Hedlth Benefitsof Improving Air Quadity in Houston, Texas,
Draft Final Report” (Sonoma Technology, Inc., April 1999) also presented estimates of hedlth effects of
ozone in Houston based on indoor-outdoor consderations and bringing in many epidemiologica studies.
The edtimate of hedth vaues from mesting the one hour ozone standard in the Houston areafor 2007 was
$73.6 million (p.6-38), gpparently in 1997 prices. Inflating to 2000 pricesfor comparability with the present
study, the benefitswould be $74.3 million. While somewhat higher than the benefits estimated in the present
study, use of the Sonoma result would not affect the basic conclusions of this study, since the benefits Hill
reman an extremey smal influence on wages and have an essentialy negligible effect on the regiond
economy. Commendable painstaking work was reported in the Sonoma study, whose genera order of
magnitude corroborates the benefits estimated in the present study. The estimates used in the investigation
are based on USEPA were chosen for three reasons. Firg, insufficient information is given in the Sonoma
study to replicate itsresults and therefore to fully evduateit. Second, $36.8 million, or haf of the etimated
benefits were dueto relief from eyeirritation. The reasonableness of thisfigure may be questioned Since eye
irritationhasfigured a best only inaminor way in theliterature on possible symptom effects of ozone. Third,
the USEPA study of the benefits and costs of the Clean Air Act has been widely read and peer reviewed.

In accordance with the USEPA (1999, p. D-19), we chose as a most likely estimate that ozone
control has no discernible mortality benefits. We agree with USEPA’s cautionary note regarding the
possihility of spurious correations if attempts are made to relate ozone to mortaity. Problems include
difficulties in measurement of fine particulate maiter and other confounding pollutants, as wel as problems
of correct functiona form and omitted variables generdly.

The benefit estimates are needed for the present study of SIP effects on the Houston area economy
as an impact on wages needed to attract labor to Houston. The impact is, strictly speaking, a perceived
impact on the part of those margind to living in Houston. As will be brought out in the next section, the
estimated effect on wages is essentidly negligible. The perceived impact on the part of people deciding
whether to live and work in Houston could be zero, or it could be many fold the amount estimated here,
without affecting the conclusions of the present study of effects of SIP benefits on the Houston economy.

D. Effectsof TNRCC SIP on Cost of Living and Wages

Houston area households will be impacted both positively and negatively by the proposed SIP.
Hedlth benefits of reduced ozone concentrations would be expected to result in lower wages, since the
Houston areawould be more desirable, leading to an increase in the supply of [abor. However, the controls
giving rise to those benefits are likely to result in undesirable cost-of-living effects that would reduce the
supply of labor resulting in higher wages. The net effect is a priori ambiguous, depending on the reldive
magnitudes of the cogt-of-living effects and the benefits received.
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An estimate of the 2007 health benefits expressed in year 2000 prices, as developed in the
preceding section, is $40 million. If one isinterested in whether the attainment of benefitsis judified in the
view of totd cogts of the SIP, one may comparetherdatively smal $40 millionin benefitsto thelarge 2007
total annualized cost of $4,239 million for the TNRCC SIPasgivenin Table 3.1. The purpose of the present
sudy, however, isnot to question whether the SIPisjustified. Rather, the purposeisto estimatethe regiona
impectsif a SIP is adopted, regardless of whether it isjudtified. In estimating regiona impacts, the role of
the benefits is as an influence on wages needed to attract labor to the Houston area.

To investigate wages, the $40 million benefit may be compared with the share of 2007 annudized
cogts fdling directly on the households of $294 million asgivenin Table 3.6 for the TNRCC SIP. The $40
millionof benefitsamount to 0.025 of one percent of projected persond incomein 2007 of $150 billion. The
costs of the TNRCC SIP falling directly on householdsare 0.2 of one percent of persona income, and the
costs of theaternative SIP are approximately 0.1 of one percent. These percentages gpproximate thedirect
percentage effects on wages necessary to atract labor to Houston and give an ideaof their extremely small
relative magnitude. In the regional modeling, the impact of the direct wage effect was captured by using as
one of theinputs the net effect, or difference between the total cogts faling directly on households and the
total benefits. This difference was incorporated into the regiond model in the cdculation of cost of living
change to which labor responds.
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V. EFFECTSOF THE TNRCC SIP ON THE HOUSTON ECONOMY
A. The Regional Model

The regiona economic impacts of the TNRCC SIP were estimated by smulating the Houston
regiona economy. Thedirect cost and benefits described in the preceding chapters were used asinputsinto
an adaptation of the well known REMI model, and simulations were conducted for the Houston area
economy for each year from 2001 to 2020. These results were compared to the results under a scenario
that assumes no additiona environmenta control options, other than those that are currently in place (the
without-controls scenario). Theregiona economicimpactsof the TNRCC SIP arethe differences between
the results of the smulaions under the with-controls scenario and the s mulation under the without-controls
scenario. Comparing the results of the policy smulations reveds differences in population, employmernt,
output, and other regiona economic performance measures of interest that condtitute the regiona economic
Impacts of the ozone control measures.

The verson of the REMI model adapted for usein thisreport breaksthe regional economy into 53
sectors (49 private nonfarm industries, 3 government sectors, and the farm sector), and dividesthe Houston
regiona economy into the eight counties that make up the Houston-Galveston nonattainment area (Harris,
Brazoria, Gaveston, Chambers, Liberty, Montgomery, Waler and Fort Bend counties). Overrides of the
standard REMI model were used to take account of specid features of the Houston area economy.

One of the principa advantages of using aregiona economic model isthat the mode preservesthe
linkages between sectors of the economy, captures the impacts that wages and prices have on businesses
and consumers, and caculates mgor regiona economic variables. The use of aregiona economic mode
captures how the cogts of the TNRCC SIP controls affect measures of regiona economic performance,
including unemployment rates, Gross Regionad Product, government expenditures, state and loca tax
recei pts, and measures of wages, prices, and income. Many of the regiona economic impacts are broken
down by industry, so that one can, for example, compare how the refining, petrochemical, and construction
industriesfare under the TNRCC SI P controlsand how induced effectsonretailing and other local industries
compare with the direct effects.

The costs imposed on businesses, consumers, and government affect industry |ocationsnce many
Houston area businesses produce goods and services for nationd and internationa markets. To the extent
that these control costs fall solely on Houston based businesses, Houston area businesses become less
competitive in national and international markets. Houston industries will lose market share to indudtriesin
other regions not encumbered by such strict measures. Over aperiod of years, many firmsintheseindustries
will beforced to locate e sewhere, and firms outs de of Houston will be discouraged from either establishing
new businesses in Houston or relocating to Houston from outside the region. As a result, the potentid for
future economic growth and development of the Houston regiona economy isimpaired by the imposition
of the controls. To the extent that the imposition of these measures reduces the rate of long term economic
growth, erosionsto the tax base occur so that state and local government agencies areless ableto maintain
infrastructure that serves citizens and encourages the continued longer term economic development of the
Houston regiona economy.
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Many of the measures consdered in the TNRCC SIP impaose costs on businesses producing loca
goods. To stay in business, they respond by passing the additional coststo other businesses, consumers, and
government entities, in theform of higher prices. Theuse of regiona economic modding alowsmeasurement
of these cost increases and traces how they filter through al sectors of the Houston area economy. Higher
prices will be manifested in higher rates of inflation, nomind wage rates, interest rates, and reduced red
wages, incomes, and profits. By taking into account inter-industry relations, by which direct impacts on
busi nesses and househol ds affect purchases from other businessesin the Houston areg, the resulting decline
in household income leads households to demand fewer retall services and fewer goods produced in
Houston for loca consumption. As aresult, the use of the regionad mode capturesimpacts on employment
and output in nearly dl industries, many of which had no direct control costs imposed directly on them. A
amplified verson of this processis presented in Figure 5.1.

Diminished M ar ket
Shareln
National/l nter national

| ncreased Costs Markets

To
Business
Costs Passed On
To Consumers
For Local Goods

Figure 5.1-The Impact of TNRCC SIP Measures

The resulting higher pricesfor local goods and services contributesto increasesin the cost of living.
These are added to the direct effectson the cost of living from the $300 million of cost of living increase that
fdl directly on households. Second, therisein pricesforces Houston areafirmsto raise wagesto recruit new
and retain existing workers. These higher wages generatefurther rounds of cost of living and wageincreases,
exacerbating the disadvantage Houston businesses face in nationa and world product and labor markets.
The effects on households are diagramed in Figure 5.2.

B. Resultsfor Employment, Gross Regional Product, and Tax Receipts

The measures proposed by the TNRCC to meet the ozone standards under the Clean Air Act will
reduce employment and output in virtudly al sectors of the regiond economy of the Houston nonattainment
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area. Thetime profile of effects on the Houston area economy canbefoundin Table 1 presented earlier in
the Executive Summary section. By the year 2007, the year in which the Houston nonattainment area will
have to bein compliance, therewill be gpproximately 98,000 fewer jobsthan would have occurred had the
proposed measures not been implemented. This amounts to a 3.7 percent effect on total employment. By
2010, thejob effect increases to 103,000, which represents 3.7 percent fewer jobs than would occur if the
proposed measures had not been implemented. The Houston economy does not recover from these cogts.
By the year 2020, the job effect is 140,000, which amounts to 4.2 percent fewer jobs than under the
basdline scenario without controls.

Diminished Real | ncomes
Resulting In
Diminished Consumer Spending
| ncreased Costs
To
Households

Diminished Real Incomes
Resulting In
Altered L ocation Choices

Figure 5.2-The Impact of TNRCC SIP Measures

The effectson employment are accompanied by effectson output, measured by redl GrossRegiond
Product (GRP). By 2007, the Houston regiond economy will have $10.5 hillion (in 2000 prices) lessin
output than without the TNRCC SIP controls, which amountsto 5.1 percent of total output. By 2010, the
output difference increases to $12.6 hillion, which amountsto 5.5 percent of output. The effects on GRP
follow the pattern of employment effects and continue to increase into the future. By the year 2020, GRP
is$21.0 billion below the basdline, which amounts to 6.6 percent less output than would have occurred if
the TNRCC SIP measures were not implemented.

The deleterious effects on economic performance, as measured by employment and output, erode
the tax base of the Houston regiond economy. By the year 2007, the Sate of Texas and loca governments
will have $676 million lessin tax receipts than without the TNRCC SIP. Thereative erosion in the tax base
will continue throughout the forecast period, reaching $860 million by 2010, and continuing to increase out
to the year 2020, when tax receipts are $1.5 hillion less, or 5.5 percent less than without the TNRCC SIP.
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Table 5.1-Sector Breakdown of Economic Impacts of TNRCC SIP in 2010

Industry Without With Difference | % Difference
Durables Manufacturing 154.6 152.7 -1.9 -1.2%
Non-Durables Manufacturing 118.1 104.0 -14.1 -12.0%
Mining 83.4 79.9 -3.5 -4.2%
Congtruction 204.9 192.8 -12.0 -5.9%
Trangportation, Public Utilities 195.5 187.6 -8.0 -4.1%
Finance, Insurance, Redl Edtate 153.6 149.3 -4.3 -2.8%
Retail Trade 456.4 441.2 -15.2 -3.3%
Wholesdle Trade 171.6 166.2 -5.5 -3.2%
Services 944.2 914.6 -29.6 -3.1%

The TNRCC SIP affects employment in virtualy every sector of the Houston regiond economy,
asshowninTable5.1. Thehardest hit sector, services, losesamost 30,000 jobs, relativeto theno TNRCC
SIP gtuation, accounting for nearly one third of the total 103,000 job effect that occurs in 2010. Other
notable job reductions from the basdine in 2010 are: retail trade- 15,200 jobs nondurables manufacturing-
14,100 jobs, and construction- 12,000 jobs. When combined, these industries account for more than 71
percent of the totd job effect in 2010. Of the nearly 14 thousand job effect in nondurable goods
manufacturing, morethan 5 thousand occursin industria chemicals, while an additiond 2.5 thousand occurs
in plastic materids and synthetics. Petroleum refining accounts for an additiona 3 thousand job effect. Red
private output is reduced by $28 billion below the no TNRCC SIP situation by 2010. The largest effect on
output is for nondurables manufacturing, and is nearly $16 hillion (in year 2000 prices) in 2010. Significant
effectsaso occur intrangportation, public utilities, services, mining, and construction, which together account
for an $8 hillion effect on outpuit.

C. Resultsfor Household Income and Wages

The costs passed on to locd residents by businesses, dong with less rapidly growing job
opportunities, will reduce Houston area household well-being. The costsimposed on industry, consumers,
and the government increase prices whichresult in ahigher cost of living, and alower red income (adjusted
for inflation). By the year 2010, the locd cost of living, as measured by the price index for persond
consumption expenditures, increases by 0.32 percent. By reducing the purchasing power of money, this
reduces the rea vaue of earnings. Wage and sdary income is $92.3 hillion without the TNRCC SIP as
compared to $87.5 billion with the TNRCC SIPin 2010, a 5.2 percent effect on wage and salary income.
Redl disposable per capitaincome, ameasure of after-tax income per person, is reduced from $30,800 to
$30,500, areduction of 1.1 percent. See Table 5.2 for these impacts.
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Table5.2-TNRCC SIP Impacts?
(8-County Houston Area, 2010)

Local Cost of Living

Without Scenario 100
With Scenario 100.10
Difference 0.10
Percent Difference 0.10%

Wage and Salary Income (Billions of Dollars)

Without Scenario $92.30
With Scenario $87.50
Difference -$4.80
Percent Difference -5.2%

Real Disposable Per Capita Income (Thousands of Dollars)

Without Scenario $30.8
With Scenario $30.5
Difference -$0.3
Percent Difference -1.1%
aY ear 2000 Prices
D. Congtruction Stimulus

Duringtheinitial yearswhile measures are phased in, therewill be an economic stimulusto theregion
associated with the implementation of the TNRCC SIP. This stimulus will largely be due to the fact that
pollutioncontrol equipment will haveto be designed, built, ingtaled, and maintained. Theresult isthat initidly
pogitive job impacts will be felt in sectors such as engineering services,
congruction, and manufacturing during the ingdlation of the pollution control equipment. This gain is,
however, temporary and will fade. By 2003 these job gains do not fully compensate for job losses
experienced dsawhere in the regiona economy. See Table 1 in the Executive Summary.

E. Unequal Effects Within Regions

Not al dementsof the proposed TNRCC SIPimpact the economy equdly. Just afew of the control
measures account for the largest portion of the effects imposed on the regionad economy. These few
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measures drive up the cost of the TNRCC SIPwhile accounting for relatively meager NOx reductions. The
mandate of 90% reduction in point source emissonsof NOx from largeindugtrid facilities, comparesto the
75 to 80% NOx reductions mandated for these sources esewhere in Texas and the country. Because of
diminishing returns to measures armed at reducing NOx emissions, the last 10 to 15% reduction is by far
the most codtly.

The requirement to use specia boutique diesd fuel in Texas results in great cost compared to the
benefit in NOx reduction. The requirement to adopt federd engine sandards earlier than other parts of the
country and time of day limitations on condruction activities dso fal into this category of costly measures
that result in relatively small NOx reductions.

The mandated 90% NOX reduction is especially damaging to the Houston economy because,
independent of cogts, it leaves little room for growth in such indudtries as refining and petrochemicas. As
aresult, the proposed TNRCC SIP actudly entail s ano-growth mandate for about one fourth of Houston's
economic base.

Smdler firmswill be unequaly affected by the TNRCC SIP as compared to larger firms. Because
smdler firms have less access to financid capitd, they will have greater difficulty in achieving the TNRCC
SIP mandates. Many of the TNRCC SIP controls require significant capitd investments in equipment and
services. For larger firms, the capital may come from cash reserves, loans, or other means of raising cash.
Many smadl firmswill not have access to such large sums within the four year phase in period required for
many of the TNRCC SIP measures.

Some firms will encounter technologica chalenges that may make achievement within four years
impossible. The present study optimigtically assumes that NOXx reductions to or near the 90% leve will be
possible for dl point sources. Evenif achieved, such astringent NOx mandatewill leavelittle room for many
industries to grow through emissions trading or offset provisions. If each point source is forced to adhere
to a 90% reduction, many firms will not be able to expand further, which could serioudy affect the future
of the Houston economy. Further, if every sourceisrequired to achieve a90% reduction, the ability of some
firms to more easly reduce NOx isignored. A lower required reduction threshold alows for the gbility to
trade emissons between sources with lower margina control costs and those with high margina control
costs.
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VI.  ANALTERNATIVE TO THE TNRCC SIP
A. Description of the Alternative SIP

The impacts of an dternative SIP have been estimated. This aternative SIP would achieve nearly
the same reduction in NOx emissions a afar lower cost. The dternative SIP should make it possible to
achieve the mandated NOx standard, in view of dightly lowered required NOx reductions resulting from
ar quality measurement consderations not dealt within the present study. The choice of which measuresto
indude or modify in the dternative SIPwas based in part on consderations of cost effectiveness. Under this
dternative plan, industrid factories and refineries that are point sources of pollution would reduce NOx
emissons by 79%, instead of the 90% in the origina TNRCC SIP, which would permit trading between high
cost and low cost NOx point sources. In addition, a NOx reduction incentive measure is included, under
whichrevenuesfrom motorist fees and other levieswould be used to pay sourcesto reducetheir emissions.
The phase-in time for the industries to reach compliance with the federal standards isincreased from 4 to
7 years. The TNRCC SIPrequirement to use boutique low-sulfur diesdl fuel isdropped because of high cost
and minima improvement over the aready-mandated federal fud standards. The requirement for early
adoption of federa low-emisson engines is dropped for the same reasons. The bans on congtruction work
and commercid lawn care, between 6:00 A.M. and noon during daylight savingstime, are dropped. Findly,
the proposed 55 mph speed limit is replaced with a 65 mph limit.

Table 6.1 Comparison of Annualized Costs
(Millions of Dallar s)?

INRCC S|P Alternative SIP

Federal $140 Same
State

Point Source $1,446 $994
NOx Reduction Incentives $0 $17
Congtruction Work Day $1,512 $0
Texas Cleaner Diesdl Fue $75 $0
Lawn Service $7 $0
Acc Tier 2/3 $341 $0
Speed Limit $196 $62
Other State $396 Same
Local $126 Same
Totals $4.239 $1.734

aY ear 2000 Prices

The estimated cogts of the two versions of the SIP are compared in Table 6.1. The cost of the dternative
SIPisonly 40 percent of the cost of the TNRCC SIP. The large reduction in costs, achieved at the price
of asmal reduction in NOx prevention with the dternative SIP, isdueto the eimination of some of the least
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cost-effective measures in the TNRCC SIP. The cost estimates do not take account of gains from trading
among point sources under the aternative SIP, which would make the costs of the adternative SIP even
lower.

B. Cost Effectiveness of the Alternative SIP

Under the dternative SIP, the dimination of some of the most onerous NOx control messures and
the modification of others greatly increasesthe cost effectiveness of the entire plan. See Table 6.2. The cost
of each ton-per-day reduction for the plan asawholeis $12,582 under the TNRCC SIP, but only $6,011
under the dternative plan. The provisionin the dternative SIP for a 79% reduction from the point sources,
instead of the 90% in the TNRCC SIP, yields a cost effectiveness of $13,222 for each ton-per-day
reduction, instead of $58,924 in the origina. The measures banning construction activity before noon,
mandating accelerated purchase of heavy diesd engines meeting the federd Tier 2/Tier 3 dandards, and
reducing NOx from point sources by 90%, werethe three most costly measures per ton-per-day reduced.
In the dternative SIP, the first two are eliminated and the last ismodified to lower its costs per ton-per-day
to less than a quarter of its vaue in the TNRCC plan. These three modifications, the eimination of the pre-
noon lawn service equipment use redtriction, and the change from a 55 mph to a 65 mph speed limit, are
the only dterations made TNRCC plan to achievethis greater cost-effectiveness. The mgority of measures
are unatered. The NOx reduction changes from 923 to 790 tons per day. In short, the dternative SIP
achieves over 85% of the NOx reduction at just dightly over 40% of the codts.

Table 6.2-Cost Effectiveness of Alternate SIP

Cost Effectiveness ($/Ton)?
Federal 2,306
State
Point Source 13,2220
NOx Reduction Incentives 15,000
I nspection/Maintenance 3,400
Construction 0
Texas Cleaner Diesel Fuel 0
Lawn Service 0
Accelerated Tier 2/3 0
Air Conditioners 43,063
65 Mph Speed Limit 18,602
Diesdl Emulsion Fuel 18,487
Vehicle Idling Restrictions 32,476
Other State 6,388
L ocal 15572
aY ear 2000 Prices

®Cogt of an additional ton of NOx reduction at 90 percent control
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C. Direct Impacts of the Alternative SIP on Businesses and Households

Under the dternative SIP, $1,466 million in annualized cogts fal directly on Houston area
businesses, which is 38% of the $3,805 million that impacts businessesin the TNRCC plan. $128 million
fdl on households, which is 44% of the $294 million that they bear in the TNRCC SIP. Table 6.3 gives
the alocation of the costs of dl the individua measures to businesses and households.

Table 6.3-Allocation of State and L ocal Coststo Businesses and Households
Alternative SIP (Millions of Dollars)?

Annualized Borne by Borne by
2007 Cost Businesses Households
State
Point Source $994 $994 $0
NOx Reduction Incentives $17 $11 $6
Consgtruction Work Day $0 $0 $0
Texas Cleaner Diesdl Fuel $0 $0 $0
Lawn Service $0 $0 $0
Accelerated Tier 2/3 $0 $0 $0
65 Mph Speed Limit $62 $39 $23
Other State $396 $320 $76
Local $126 $102 $24
State & Local Totals $1,594 $1,466 $128
2Y ear 2000 Prices

D. Comparison of Employment, Gross Regional Product, and Tax Receipts Under the
TNRCC SIP and the Alternative SIP

The dternative plan results in less severe regiona economic impacts than those that occur
under the TNRCC SIP. Instead of 103,000 fewer jobsin 2010 than without NOx controls as occurs under
the TNRCC SIP, the effect under the dternative SIPis gpproximately 38,000 in 2010. Over theremainder
of theforecast period, the job effectsincrease but lessthan under the TNRCC SIP. By 2020, thedternative
SIP sees a job effect of 43,000, as opposed to the 140,000 job effect that occurs in 2020 under the
TNRCC SIP. A graphical comparison of job losses under the TNRCC SIP and the dternative SIP, as
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compared to no controls, can be found in Figure 2 presented earlier.

The Houston regiond economy a so sufferslessof an effect on economic output under thedternative
SIP than under the TNRCC SIP. See Table 2 in the Executive Summary. Under the dternative plan, the
reductionin output, relative to no control, is smdler than under the TNRCC SIP by amost afactor of four.
Instead of having $12.6 billion lessin output (measured in year 2000 prices) in 2010 than without contrals,
as occurs under the TNRCC SIP, the figure is $3.5 billion for the dternative SIP. The effects that occur
under the dternative SIP increase rather dightly throughout the remainder of the forecast period, but only
reach $4.9 billion by 2020, as opposed to the $21 billion in 2020 under the TNRCC SIP.

As expected, the tax base effect is much smaller under the dternative plan than under the TNRCC
SIP. Ingtead of $860 million dollarslessin tax receipts in 2010 than without the TNRCC SIP, as occurs
under the TNRCC SIP, the combined effect for state and local governments is $339 million in 2010. By
2020, thefigureincreasesto $506 million, but issmal in comparison to the $1.5 billion effect on tax receipts
that occurs under the TNRCC SIPin 2020.

Table 6.4 gives summary comparisons showing the dramétic differencesin effects on
employment, regiona product, rea per capitaincome, direct costs to households and businesses, and
tax revenues, under the TNRCC SIP and the dternative SIP.

Table 6.4-Summary Comparison
TNRCC SIP Vs. Alternative Sl P2 (2010 Comparisons)

Category Differences % Reduction in SIP Effects
Employment Loss -64,900 -62.92%
Regiona Product Loss -$9.15 Billion -72.43%
Red Per Capitalncome Loss -$226 -69.10%
Direct Costs to Households -$166 Million -56.52%
Direct Costs to Businesses -$2.3 Billion -61.47%
Tax Revenues Loss -$521 Million -60.57%
2Y ear 2000 Prices
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VII.  SENSTIVITY ANALYSIS

The study was designed to give an accurate picture of the coststo the Houston economy in achieving
the measures given in the TNRCC SIP, taking care not to overstate the effects. In order to do this, a
conservative gpproach to estimating impactswasfollowed, in order to avoid overestimating negative effects
on the regiona economy.

To examine the sengitivity of the empirica results for the TNRCC SIP for dternative assumptions
regarding direct impacts, we carried out a series of sengtivity smulations designed to determine how much
the resultswould change under dternative setsof modd input assumptions. In many casesthedirect impacts
of TNRCC SIP measures were so small that they did not merit detailed sengitivity andyses. On the other
hand, there are three areas of possible disagreement regarding the magnitude of the direct impacts, which
could have asizeableimpact upon theregiona economy. Theseincludethe extent towhichthe TNRCC SIP
would dlow key industries to expand in the future; the magnitude of the tota costs of meeting 90% point
source reductionsin NOx, and the magnitude of thesocia benefitsaccruing because of reductionsinregiond
ozone levels. As a consequence, four sengtivity anadyses were run. The firgt sengtivity smulation relaxed
the assumptions on the growth congtraintsimposed on the petrochemica and refining industries. The second
sengtivity smulation reduced the direct costs of the point source controlsby 50 percent. Thethird sensitivity
smulation reduced the direct cogts of the household measures to zero. The fourth sengtivity smulation
combines dl three sendtivity assumptions together. These dternative assumptions are extremely
conservative. It is felt that these sengtivity smulations indicate an absolute bottom line to the economic
impact of the TNRCC SIP. Table 71compares the results for employment between the current TNRCC
SIP and the four sengitivity smulations.

Table 7.1-Comparison of Employment I mpacts
(Deviations from Baseline: Thousands of Per sons)

2001 | 2003 | 2005 2007 2010 2020

Current TNRCC SIP 04| -295| -844 -97.6 -103.2 | -140.3
Sengtivity 1. Less Severe Caps 04| -295| -84.4 -89.5 -73.4 -54.9
Senstivity 2: Reduced Point Source -7.1| -343| -784 -91.0 -96.8 | -134.8

Control Costs

Senstivity 3: 0 Household Costs 05] -285| -81L7 -93.6 -98.6 | -1334

Sengtivity 4: All Sengtivities Combined -7.0| -333 | -75.7 -78.9 -62.5 -42.5

The various changes in assumptions gave smilar results. Using assumptions leading to less severe
impacts, such as low estimates of control costs and more favorable effects on households, the least
difference found for jobs under the TNRCC SIP as compared to no controlsis <till amost 62,500 in 2010
and 42,500 in 2020, as compared to the approximately 103,000 jobs in 2010 and 140,000 jobsin 2020
presented as the mogt likely results in the studly.
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Onthe other hand, it ispossiblethat actua job losses could far exceed those presented in the study.
For example, the TNRCC SIP calls for greater reductions in emissions than have been accomplished in
other areas, including Southern Cdifornia. In addition to the optimistic assumption aready noted, for the
90% emission reductions, the results presented in the study asmost likely use conservatively low estimates
of cods. Higher cost estimates would give greater job losses, aswould avariety of other possible negative
effects not included in the study results.
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VIIl. CONCLUSION

Most of the $4.1 hillion direct annua cogts of the TNRCC SIP fal on businesses, reducing the
competitiveness of Houston in nationa and world markets. The direct cogts faling on households are only
partly offset by benefits of 0zone abatement. Wages necessary to attract peopleto liveand work in Houston
are raised, further reducing competitiveness. The effects of the direct costs on overall Houston area
economic development and well being have been estimated using regiond modding. We estimate that the
planwill cost 103 thousand jobsby 2010 and nearly 140 thousand jobs by 2020, with accompanying effects
on gross regiona product, tax revenues and overdl well being. We aso examined an dternative SIP plan
having greatly reduced effects. The direct annua costs of the dternative SIP are $1.7 billion. Thejob losses
are only 38 thousand by 2010 and 43 thousand by 2020.

At first glancethe extent of didocations of economic activity away from the Houston areadueto the
TNRCC SIP seem surprisingly large. During the first 10 years the Houston economy gives up nearly two
years of economic growth. Some growth continues due to the strength of the non-energy and upstream
energy portions of the region’s economic base. However, the consequences of the TNRCC SIP are not
merely diminished economic performance in Houston. The region has a clear and dominant comparetive
advantage in refining and petrochemicd production. The shifting of production away from Houston to more
expensve areaswill act to raise nation-wide prices of fossl fuel productsat atime of increasing worry about
the adequacy of U.S. energy supplies. To the extent that production is shifted outside the United States,
foreign energy dependence is increased.

A feature of the TNRCC SIP that is particularly cogtly to the Houston economy is the built-in no-
growth bias againgt refining and petrochemical portions of the region’s economic base. There is some
argument whether mandated 90% NOXx reduction by al magor Houston point sources is achievable.
However, serousargument isnot heard that further reductionsbeyond the 90% goa could beaccomplished.
Given that the plan pushesindudtry toit technologicd limits, it isunlikely that many, if any firms, intheregion
will achieve levels in excess of the requirements and thus have excess emisson credits to sdl. As a
consequence, new permits for expanson, especidly in petrochemicads and refining, may be virtualy
impossible to obtain. Because these two sectors make up about one quarter of Houston' s economic base,
the resultant limitation on Houston's growth will remain subgtantia wdl into the future. Indeed, of the
140,000 job loss by 2020, nearly onethird is attributabl e to this de facto no-growth feature of the TNRCC
SIP, and thisfeature is primarily respongible for extending job losses beyond 2010.

On the other hand the impacts documented in the above chapters may not seem particularly
surprising given the gap between annua costs of over $4 billion and estimated annua benefits of only $40
million. Due to the paucity of the benefits, the net hit on the Houston economy is large. Furthermore, the
estimated impact documented in this study may actually be too conservative. Great care was taken in this
study not to over-estimate direct costs. Thus, the disparity between Houston area costs and benefits may
even be greater than what is reported above. For example, in the tables of this report, only loca Houston
costs are included. A neglected part of the direct costs reported here are those costs associated with the
gpatial distortions. Of course, if themargind cogtsequaed themargind benefitsof controlsineachlocdlity,
then industry would be given incentives to locate so as to achieve the greatest well being from the nation’s
resources. However, the potential for spatia distortions resulting from Houston area 0zone controls is
particularly greet in view of the severity of Houston controlsrelativeto controlsin other areas of the country.
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A consequence of imposition of high cogts in the Houston area is to shift production to other aress less
effident inproducing the nations chemica and energy supply. Thenation will not only lose because economic
activity is displaced from Houston to higher cost locations, but accompanying the shift in location of
production will be an increase in pallution in the areas to which production is shifted. In other words, the
TNRCC SIP will export pollution from Houston to other regions of the country. The increase in pollution
inother areasisafurther lossto the nation from excessive controlsin Houston. Expanding the scope of the
study to a nationa perspective, would require adding these costs of producing in other locations and the
increase in pollution costs to the rest of the nation.

Inthisstudy, we have accepted the mandated federal 0zone standard, eschewing concernwith Rule
One of environmenta policy which requires controls to be carried to the point where the benefitsjudtify the
costs. The mgjor focus of the present study has been on Rule Two of optimdity requiring a policy to be
carried out at aslow acost asfeasible. Themany measuresin the TNRCC SIP exhibit subgtantidly differing
cog effectiveness, which isto say differing margina costs per ton of NOx reduction. Redirection toward
measuresthat havelower costs per ton of NOx reduction away from the higher cost measureswould gresatly
reduce the burden of controlling ground level ozone.

One of the contributions of this study is to provide needed systematic quantification of the direct
costs of the SIP measures recommended by TNRCC. If thisinformation had been available when the plan
was formulated, the unevenness of the measures would have been gpparent. Choice of a plan with less
deleterious effectswould have been aided. Thisapproach isfollowed in the dternative SIP examined in this
sudy. It diminates the least cost-effective measures and further reduces burdens by alowing an expanded
role of market based incentives by which emissions are reduced by sources having the least costs. As
compared to the TNRCC SIP, the dternative SIP accomplishes a 60 percent reduction in direct costs and
in 2010 job losses. Job losses peak around 2010 and then gradudly decline as the Houston economy
adjusts to the new regulatory environment, whereas they continue to increase under TNRCC SIP..

The judtification of the TNRCC SIP depends on answers to two questions: (1) Is the degree to
whichozoneisbeing reduced socidly efficient? And (2) I1sthe way ozoneisbeing reduced socidly efficient?
Fromthe present analysis, the answer to both questions gppears definitely to be no. However, the Houston
area may have no choice other than to conform to the federal standard. The primary consideration in
developing a regulatory plan becomes how to achieve the standard in the most cost effective way.
Unfortunately the TNRCC plan fails this test as well. There are apt to be many dternative plans that are
more cost effective than that proposed by the TNRCC. This study has given a demonstration of one such
plan. This dternative plan, which 4ill violates Rule One, entails lower costs to society. It more closely
goproximates Rule Two a thelocd level and, inview of itslower shortfal of benefits over costsat theloca
level, is accompanied by less codt-raising economic didocation.

This study has assumed that the federd one hour sandard for ozone can be achieved by adightly
lower reduction in NOx emissions under the dternative SIP than under the TNRCC SIP. At this writing,
the precise reductionin tons per day that would meet the standard is not yet settled. Even if areduction as
gresat as proposed by TNRCC were to be required, the present study makes clear that the results could be
achieved at grestly reduced direct costs and gresatly reduced regiona effects, as compared to the TNRCC
proposal, by choosing acceptable measures with greater cost effectiveness and more reliance on market
incentives than proposed by TNRCC.
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