California Environmental Protection Agency
@= Air Resources Board

PUBLIC MEETING AGENDA

Thursday, January 24, 2013
(Bakersfield, CA)
and
Friday, January 25, 2013
(Diamond Bar, CA)

JANUARY 24, 2013, LOCATION:
Kern County Board of Supervisors
Board Chambers, First Floor

1115 Truxtun Avenue

Bakersfield, CA 93301

This facility is accessible by public transit. For transit
information, call: (800) 560-1733, hitp://roads.kerndsa.com/bus-
services (This facility is accessible to persons with disabilities. )

JANUARY 25, 2013, LOCATION.:

South Coast Air Quality Management District
Auditorium

21865 E. Copley Drive

Diamond Bar, California 91765-4182

This facility is accessible by public transit. For transit
information, call: (800) 743-3463, http://www.foothilltransit.org/
(This facility is accessible to persons with disabilities.)

TO SUBMIT WRITTEN COMMENTS ON AN
AGENDA ITEM IN ADVANCE OF THE MEETING GO

TO: httg:Ilwww.arb.ca.gov!lisgublcommlbclist.ghg

January 24, 2013

9:00 a.m.

Kern County Board of Supervisors
Board Chambers, First Floor

1115 Truxtun Avenue
Bakersfield, CA 93301

(Spanish translation services will be provided at the January 24" Board Meeting.)

CONSENT CALENDAR:

The foliowing item(s) on the consent calendar will be voted on by the Board immediately after the start
of the public meeting, uniess removed from the consent calendar either upon a Board member's
request or if someone in the audience wishes to speak on it. |

Consent ltem #

13-1-3:  Public Meeting to Consider Appointment of a New Member to the Research

Screening Committee

Staff will recommend the appointment of Dr. Alan Vette to fill the vacancy left by the
resignation of Dr. Dan Costa of U.S. EPA. The Board's Research Screening Committee
consists of scientists, engineers, and others who are knowledgeable, technically qualified,
and experienced in air pollution research. Dr. Vette is the Assistant Director for Air,
Climate and Energy research at the U.S. EPA’s National Health and Environmental

Effects Research Laboratory.

DISCUSSION ITEMS:

Note: The following agenda items may be heard in a different order at the Board meeting.
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Agenda item #

1311

13-1-2:

Public Meeting to Hear an Overview of PM2.5 Science and Research and to
Consider Approving the San Joaquin Valley PM2.5 State Implementation Plan

Staff will present an overview of the latest PM2.5 air qualily science and on-going
research which supported the development of the San Joaquin Valley 2012 PM2.5 State
Implementation Plan (2012 PM2.5 Plan). The Board will then consider approving the
2012 PMZ2.5 Plan as a revision to the California State Implementation Plan. The 2012
PM2.5 Plan demonstrates the San Joaquin Valley will attain the federal 24-hour PM2.5
standard (adopted in 2006) by 2019.

Public Meeting to Brief the Board on the Status of SB 375 in San Joaquin Valley
Staff will brief the Board on the status of SB 375 planning in the San Joaquin Valley.

January 25, 2013
9:00 a.m.

South Coast Air Quality Management District, Auditorium
21865 E. Copley Drive
Diamond Bar, California 91765-4182

DISCUSSION ITEMS:

Note: The following agenda items may be heard in a different order at the Board meeting.

Agenda Iltem #

13-2-5:

13-2-2:

13-2-3:

Report to the Board on ARB’s Program Priorities for 2013

The Executive Officer will present to the Board a preview of anticipated Board activities in
2013.

Public Meeting to Consider Approval of the South Coast Air Basin 2012 PM2.5 and
Ozone State Implementation Plans

The Board will consider the approval of the 2012 South Coast AQMP that includes the
South Coast's State Implementation Plan (SIP) for. attaining the 24-hour PM2.5 standard,
and a SIP update to address the 1-hour ozone standard in the South Coast Air Basin.

The SIPs identify the strategies needed to bring the Basin into aftainment with the federal
PM?2.5 standard by 2014, the federal 1-hour ozone standard by 2022, and sets conformity
budgets for the PM2.5 SIP. The 2012 AQMP also includes measures and actions fo
implement the federally approved 8-hour ozone SiP.

Public Hearing to Consider Amendments to Regulations for Gasoline and Diesel
Fuel Test Methods

Staff will present to the Board proposed amendments to the California reformulated
gasoline (CaRFG) and California diesel fuel (CDF) regulations. The amendments’
primary purpose is to add new test methods that will enhance ARB's ability to enforce the
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13-2-4:

CaRFG reguiations. Staff will also propose updating several existing CaRFG and CDF
test methods to their most recent versions, and remove of an obsolete test method for
measuring sulfur in CaRFG.

Public Hearing oh Update to Proposition 1B: Goods Movement Emission
Reduction Program Guidelines

Staff will present to the Board proposed updates to the Program Guidelines that outline the
eligible equipment projects, which will reduce diesel emissions and health impacts from freight
movement along California’s four priority trade corridors. The proposed updates include
funding level revisions for various equipment projects and administrative changes.

CLOSED SESSION

The Board will hold a closed session, as authorized by Government Code section 11126(e), fo
confer with, and receive advice from, its legal counsel regarding the following pending or
potential litigation:

POET, LLC, et al. v. Goldstene, et al., Superior Court of California (Fresno County),
Case No. 09CECG04850; plaintiffs’ appeal, Court of Appeal No. F064045.

Rocky Mountain Farmers Union, et al. v. Goldstene, U.S. District Court (E.D. Cal. Fresno), Case
No. 1:09-CV-02234-LJO-DLB; interlocutory appeal, U.S. Court of Appeal, Ninth Circuit Nos.
09-CV-02234 and 10-CV-00163.

American Fueis and Petrochemical Manufacturing Associations, et al. v. Goldstene, et al., U.S.

District Court (E.D. Cal. Fresno) Case No. 1:10-CV-00163-AWI-GSA, interlocutory appeal, U.S.
Court of Appeal, Ninth Circuit Nos. 09-CV-02234 and 10-CV-00163.

Association of Irritated Residents, et al. v. U.S. E.P.A., 2011 WL 310357 (C.A.9), (Feb. 2, 2011).

California Dump Truck Owners Association v. California Air Resources Board, U.S. District Court
(E.D. Cal. Sacramento) Case No. 2:11-CV-00384-MCE-GGH.

Engine Manufacturers Association v. California Air Resources Board, Sacramento Superior Court,
Case No. 34-2010-00082774.

Citizens Climate Lobby and Our Children’s Earth Foundation v. California Air Resources Board,
San Francisco Superior Coutt, Case No. CGC-12-519554.

California Chamber of Commerce et al. v. California Air Resources Board et al., Sacramento
Superior Court, Case No. 34-2012-80001313.

OPPORTUNITY FOR MEMBERS OF THE BOARD TO COMMENT ON MATTERS OF INTEREST

Board members may identify matters they would like fo have noticed for consideration at future meetings
and comment on topics of interest; no formal action on these topics will be taken without further notice.
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OPEN SESSION TO PROVIDE AN OPPORTUNITY FOR MEMBERS OF THE PUBLIC TO ADDRESS
THE BOARD ON SUBJECT MATTERS WITHIN THE JURISDICTION OF THE BOARD

Although no formal Board action may be taken, the Board is alfowing an opportunity to interested
members of the public to address the Board on items of interest that are within the Board’s
jurisdiction, but that do not specifically appear on the agenda. Each person will be allowed a
maximum of three minutes to ensure that everyone has a chance to speak.

TO SUBMIT WRITTEN COMMENTS ON AN AGENDA ITEM IN ADVANCE OF THE MEETING
GO TO:

http:/iwww.arb.ca.govl/lispub/comm/bclist.php

ONLINE SIGN-UP:

You can sign up online in advance to speak at the Board meeting when you submit an
electronic Board item comment. For more information go to:

http://www.arb.ca.gov/board/online-signup.htm

IF YOU HAVE ANY QUESTIONS, PLEASE CONTACT THE CLERK OF THE BOARD:
1001 | Street, 23" Floor, Sacramento, California 95814
(916) 322-5594
ARB Homepage: www.arb.ca.gov

SPECIAL ACCOMMODATION REQUEST

Special accommodation or language needs can be provided for any of the following:
« Aninterpreter to be available at the hearing;
+ Documents made available in an alternate format or another language,;
e A disability-related reasonable accommodation.

To request these special accommodations or language needs, please contact the Clerk of the Board at
(916) 322-5594 or by facsimile at (916) 322-3928 as soon as possible, but no later than 7 business days
before the scheduled Board hearing. TTY/TDD/Speech to Speech users may dial 711 for the California
Relay Service.

Comodidad especial 0 necesidad de otro idioma puede ser proveido para alguna de las siguientes:
» Un intérprete que esté disponible en la audiencia.
« Documentos disponibles en un formato alterno u otro idioma;
» Una acomodacién razonable relacionados con una incapacidad.

Para solicitar estas comodidades especiales o necesidades de otro idioma, por favor llame a la oficina
del Consejo al (918) 322-5594 ¢ envie un fax a (916) 322-3928 lo mas pronto posible, pero no menos de
7 dias de trabajo antes del dia programado para la audiencia del Consejo. TTY/TDD/Personas que
necesiten este servicio pueden marcar el 711 para el Servicio de Retransmision de Mensajes de
California. :

SMOKING 1S NOT PERMITTED AT MEETINGS OF THE CALIFORNIA AIR RESOURCES BOARD
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CALIFORNIA AIR RESOURCES BOARD

NOTICE OF PUBLIC MEETING TO CONSIDER APPROVING THE SAN JOAQUIN
VALLEY PM2.5 STATE IMPLEMENTATION PLAN AND OVERVIEW OF PM2.5
SCIENCE AND RESEARCH

The Air Resources Board (ARB or Board) will conduct a public meeting at the time and
place noted below to consider approving the San Joaquin Valiey 2012 PM2.5 State
Implementation Ptan (2012 PM2.5 Plan) developed and adopted by the San Joaquin
Valley Air Pollution Control District (San Joaquin Valley or District). If approved by the
Board, ARB will submit the 2012 PM2.5 Plan to the United States Environmental
Protection Agency (U.S. EPA) as a revision.to the California State Implementation Plan
(SIP). At the hearing, ARB staff will also provide an overview of the latest air quality
science and on-going research which was used in developing the 2012 PM2.5 Plan.

DATE: January 24, 2013
TIME: 9:00 a.m.

PLACE: Kern County Board of Supervisors
Board Chambers, 1% Floor
1115 Truxtun Avenue _
Bakersfield, California 93301

This item will be considered at a one-day meeting of the Board in Bakersfield, which will
commence at 9:00 a.m., January 24, 2013. Please consult the meeting agenda, which
will be available at least ten (10) days before January 24, 2013, to determine the
schedule on which this item will be considered.

The federal Clean Air Act (Act) establishes planning requirements for areas that exceed
the health-based National Ambient Air Quality Standards (standard). These
nonattainment areas must develop and impiement a SIP that demonstrates how they
will attain the standard by specified dates. : |

In December 2006, U.S. EPA lowered the 24-hour standard for fine particulate matter
(PM2.5) from 65 pg/m? to 35 pg/m®. Effective December 14, 2009, U.S. EPA
designated the San Joaquin Valley as nonattainment for this more stringent 24-hour
PM2.5 standard. The District must develop and implement a SIP that addresses Act
planning requirements and establishes the strategy for attaining the standard as
expeditiously as practicable, but no later than December 2019. The District prepared
the 2012 PM2.5 Plan to address these requirements, and their Governing Board
adopted the 2012 PM2.5 Plan on December 20, 2012.

The 2012 PM2.5 Plan demonstrates attainment by ihcluding new emission reductions,
to occur each year between now and 2019, from implementing a combination of ARB
and District programs. The District has committed to additional measures, including






further strengthening their wood burning curtailment program and additional
requirements on commercial cooking operations, to bring the entire San Joaquin Valley
into attainment by 2019. The 2012 PM2.5 Plan includes comprehensive emission
inventories, reasonable further progress milestones, an assessment of reasonably
available control measures and technologies, and identification of contingency
measures if they fail to meet a milestone or attain the standard. The 2012 PM2.5 Plan
also includes motor vehicle transportation conformity budgets developed using
EMFAC2011 that reflect the latest planning assumptions.

ARB staff has reviewed the 2012 PM2.5 Plan and has concluded that it meets the
applicable Act requirements. ARB staff is recommending that the Board approve the
2012 PM2.5 Plan as a revision to the California SIP.

A written ARB Staff Report will be available prior to the meeting. Copies of the report
may be obtained from ARB's Public information Office, 1001 | Street, First Fioor,
Environmental Services Center, Sacramento, California, 95814, (916) 322-2990. The
report may also be obtained from ARB's website at:
http://www.arb.ca.gov/planning/sip/sip.htm

Interested members of the public may present comments orally or in writing at the
meeting and may be submitted by postal mail or by electronic submittal before the
meeting. To be considered by the Board, written comments not physically submitted at
the meeting must be received no later than 12:00 noon, January 23, 2013, and
addressed to the following:

Postal mail: Clerk of the Board, Air Resources Board
1001 | Street, Sacramento, California 95814

Electronic submittal: http://www.arb.ca.gov/lispub/comm/bclist.php

You can sign up online in advance to speak at the Board meeting when you submit
an electronic board item comment. For more information go tfo:
htip://www.arb.ca.gov/board/online-signup.htm.

Please note that under the California Public Records Act (Government Code

section 6250 et seq.), your written and verbal comments, attachments, and associated
contact information (e.g., your address, phone, email, etc.) become part of the public
record and can be released to the public upon request. :

ARB requests that written and email statements on this item be filed at least 10 days
prior to the meeting so that ARB staff and Board members have additional time to
consider each comment. Further inquiries regarding this matter should be directed to
Ms. Sylvia Vanderspek, Manager, Particulate Matter Analysis Section, Planning and
Technical Support Division at (916) 324-7163 or Dr. Patricia Velasco, Staff Air Pollution
Specialist, Particulate Matter Analysis Section, Planning and Technical Support Division
at (916) 323-7560.






SPE.(':IAI= ACCOMMODATION REQUEST

Special accommodation or language needs can be provided for any of the following:

* An interpreter to be available at the hearing;
¢ Documents made available in an alternate format or another language;
* A disabillity-related reasonable accommodation.

To request these special accommodations or language needs, please contact the Clerk
of the Board at (916) 322-5594 or by facsimile at (916) 322-3928 as soon as possible,
but no later than 10 business days before the scheduled Board hearing:
TTY/TDD/Speech to Speech users may dial 711 for the California Relay Service.

Comodidad especial o necesidad de otro idioma puede ser proveido para alguna de las
siguientes:

* Un intérprete que esté disponible en la audiencia;
¢ Documentos disponibles en un formato alterno u otro idioma; .
* Una acomodacion razonable relacionados con una incapacidad.

Para solicitar estas comodidades especiales o necesidades de otro idioma, por favor
llame a la oficina del Consejo al (216) 322-5594 o envie un fax a (816) 322-3928 lo mas
pronto posible, pero no menos de 10 dias de trabajo antes del dia programado para la
audiencia del Consejo. TTY/TDD/Personas que necesiten este servicio pueden marcar
el 711 para el Setvicio de Retransmision de Mensajes de California.

CALIFORNIA AIR RESOURCES BOARD

Jamés N’ Goldstene / /
Executive Officer

Date: | 2/#//%

The energy challenge facing California is real. Every Californian needs to take immediate
action to reduce energy consumption. For a list of simple ways you can reduce demand and cut
your energy costs, see our website at www.arb.ca.gov.
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This document has been reviewed by the staff of the California Air Resources Board
and approved for publication. Approval does not signify that the contents necessarily
reflect the views and policies of the Air Resources Board, nor does the mention of trade
names or commercial products constitute endorsement or recommendation for use.

Electronic copies from this document are available for download from the Air Resources
Board’s Internet site at: httg:llwww.arb.ca.gov/glanningﬂsigls'|vgm2515'|vgm25.htm.

In addition, written copies may be obtained from the Public Information Office, Air
Resources Board, 1001 |1 Street, 1% Fioor, Visitors and Environmental Services Center,
Sacramento, California 95814, (916) 322-2990.

For individuals with sensory disabilities, this document is available in Braille, large print,
audiocassette or computer disk. Please contact ARB's Disability Coordinator at

(916) 323-4916 by voice or through the California Relay Services at 711, to place your
request for disability services. If you are a person with limited English and would like to
request interpreter services, please contact ARB's Bilingual Manager at

(916) 323-7053.

For questions, contact:

Ms. Sylvia Vanderspek - or ' Ms. Patricia Velasco, Ph.D.

Manager, PM Analysis Section Project Lead '

Phone: (916) 324-7163 Phone: (916) 323-7560

Email: svanders@arb.ca.gov Email: pvelasco@arb.ca.gov
P.O. Box 2815

Sacramento, California 95814
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I.  INTRODUCTION

The San Joaquin Valley Air Pollution Control District (District) adopted on .
December 20, 2012 a revision to the State Implementation Plan (SIP or 2012 PM2.5
Plan) to address the 24-hour fine particulate matter (PM2.5) ambient air quality standard
of 35 ug/m3. The SIP demonstrates that the San Joaquin Valiey (Valley) will attain the
24-hour PM2.5 standard by 2019, with many areas of the Valley reaching attainment
well before 2019. The SIP shows that by 2017, approximately 90 percent of Valley

residents will be living in communities meeting this air quality standard.

The Air Resources Board’s (ARB) mobile source control program will be providing major
new emission reductions of oxides of nitrogén (NOx) and particulate matter needed for
attainment of the PM2.5 standard. Mobile source PM2.5 and NOx are expected fo
decrease by almost 50 and 60 percent, respectively, between 2007 and 2019. The
District wood burning curtailment program is also an essential measure providing

* reductions predicted to bring all but one Valley location into attainment prior to 2019.

To address this remaining localized area of nonattainment in Bakersfield, the District will
develop a rule to further reduce emissions from commercial cooking operations. This
measure will provide the final increment of reductions needed to demonstrate
attainment at this location by the deadline of 2019.

SIP technical analyses, including air quality modeling, establish and quantify the relative
effectiveness of reducing each PM2.5 precursor pollutant. This scientific information is
specific to the Valley and indicates that the most important pollutants to reduce for the
24-hour PM2.5 standard are direct PM2.5 and NOx emissions. Ammonia reductions
are an order of magnitude less effective than NOx emission reductions, providing only a
slight benefit. Nevertheless, since a small reduction-in PM2.5 could occur from further
reductions in ammonia emissions, the District has included a measure to assess the
feasibility of further ammonia controls. The District will also conduct further research on
ammonia emissions and implement any feasible and cost-effective mitigation measures
identified through this process. ‘ ' |

The federal Clean Air Act establishes the SIP requirements for areas that are
designated nonattainment for an air quality standard. U.S. EPA first set standards for
PM2.5 in 1997, adopting a 24-hour PM2.5 standard of 65 pg/m3 and an annual
standard of 15 ug/m3. The key elements of SIPs are a demonstration of attainment of
the standard, including identification of the most expeditious date for attainment,
determination of the amount of emission reductions needed, and design of the control
strategy'. In 2006, the 24-hour PM2.5 standard was lowered to 35 pg/m3. This report
discusses how the District's 2012 PM2.5 SIP demonstrates attainment of this standard.
The District's adopted SIP can be found at:

www.valleyair.org/Air Qualig Plans/PM25Plans2012.htm.

"I 2008, ARB and the District submitted a plan to U.S. EPA demonstrating how the San Joaquin Valley

. would attain the 1997 PM2.5 standards by 2014. U.S. EPA approved this plan in 2011. Although U.S.

EPA further revised the annual standard in December 2012, a separate, future planning process will
address this new standard.



. NATURE OF THE SAN JOAQUIN VALLEY PM2.5 AIR QUALITY PROBLEM

PM2.5 is a complex mixture of many different species generated from a wide array of
sources. Some PM2.5 is emitted directly into the air (primary particles) in the form of
soot, smoke or dust. PM2.5 can also be formed in the atmosphere (secondary
particles) from the reactions of precursor gases, forming compounds such as
ammonium nitrate and ammonium sulfate. The relative mixture of these constituents in
a region drives the nature of the needed control strategy. -

The San Joaguin Valley is oné of the most intensively studied locations in the world,
providing a-wealth of information regarding the nature of the Valley's PM2.5 problem.
ARB and the District operate a comprehensive monitoring network that provides
ongoing measurement of PM2.5 concentrations and chemical composition. In addition,
numerous special studies have been conducted. The largest of these, the California
Regional Particulate Air Quality Study (CRPAQS), was conducted in 1999 through
2001. The study included monitoring at over 100 locations, with results published in
peer reviewed publications and presented at national and international conferences.
CRPAQS findings continue to provide a strong scientific foundation for planning efforts.
The Valley also continues to be a focus of intensive study, with more recent programs
including CalNex 2010, and the upcoming DISCOVER-AQ study to be conducted in
2013. :

PM2.5 concentrations in the Valley exhibit a strong seasonal pattern, with
concentrations over the 24-hour standard occurring ‘primarily during the winter months.
Cold temperatures, fog, stagnant airflow, and extended periods without rainfall result in
episodes of elevated PM2’5 that can persist for a week or more. Episodic activities
such as seasonal wood burning also add to the poliution burden during the winter. As
shown in Figure 1, PM2.5 concentrations are generally higher in the central and
southern portions of the Valley, with highest values recorded in the urban areas of
Fresno and Bakersfield. The high values used for SIP planning purposes are called
design values, and are calculated on a three year average. e

Figure 1. 2011 24-hour PM2.5 design values
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The Valley is making progress in reducing PM2.5 pollution, bath annual average and
24-hour PM2.5 concentrations. Between 2001 and 2011, annual average design values
have decreased between 30 and 40 percent. The largest decreases occurred in the
northern and central portions of the Valley, where most sites now meet the annual
standard. While the southern Valley has shown a slower rate of improvement, sites are
nearing attainment, with 2011 design values 10 to 20 percent over the annual standard.

With respect to the 24-hour standard, the most pronounced progress occurred between
2001 and 2004. Over this period, the three year average design values show a
consistent downward trend. During this timeframe, ammonium nitrate levels were
decreasing consistent with implementation of NOx emission reduction strategies in the
Valley.

Characterizing the overall design value trend in more recent years is complex. Although
the design value is the planning metric used to assess compliance with the standard,
evaluation of a variety of air quality indicators provides a broader understanding of the
nature of air quality progress. It is also necessary to account for exceptional events-and
yearly variability in weather conditions, which can strongly affect PM2.5 concentrations.
All these indicators and factors must be considered when interpreting air quality trends
and the effects of the ongoing control program. : :

Figure 2 illustrates the year to year variability in the number of days over the 24-hour
PM2.5 standard in Bakersfield and Fresno. The large wildfires that occurred in 2008
throughout central and northern California affected the number of exceedance days in
that year. In addition, some years have meteorological conditions that are much more
conducive to the formation of PM2.5 than others. Analyses of méteorological data show
that the years 2000, 2002, 2007, and 2011 were especially conducive to periods of -

" PM2.5 formation and multi-day pollution episodes. These factors can mask the benefit

of deciining emissions if not accounted for in the analysis of the air quality trend.

Figure 2: Trend in measured days over the 24-hour standard of 35 pug/m® . _
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To help understand the interplay between declining emissions and year to year
meteorological variability, the years 2000, 2002, 2007, and 2011 were compared for
both winter average 24-hour PM2.5 concentrations and the number of days over the
standard (Figures 3 and 4).

~ Despite the adverse meteorology in these four years, there is a general downward trend
in both PM2.5 levels and the frequency of exposure as a result of the continuing decline
in emissions. In addition, the number of days with the highest concentrations (over

65 ug/m3) has also decreased, dropping from 22 days in Bakersfield in 2000, to 14 days
in 2007, and 6 days in 2011.

Figure 3. Change in winter average - Figure 4. Change in days over the
24-hour PM2.5 concentrations in years . , 24-hour PM2.5 standard in years with
with PM2.5 conducive weather PM2.5 conducive weather
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This air quality progress is driven by decreases in the key chemical constituents that
make up the PM2.5 mass and the associated emission reductions from sources that
contribute to those constituents. During the winter, ammonium nitrate is the largest
contributor to PM2.5, especially in the central and southern portions of the Valley, where
it comprises approximately 60 percent of the PM2.5 mass. Carbonaceous compounds
(organic and elemental carbon) are the next largest contributor, Together, ammonium
nitrate and carbon comprise 85 to 90 percent of the PM2.5 mass. '

Routine measurements of these chemical constituents have been collected at four
locations in the Valley since 2002. Between 2002 and 201 1, winter-average 24-hour
concentrations of organic carbon have decreased by approximately 50 percent and
ammonium nitrate by approximately 40 percent. The major sources of winter-time
organic carbon in the Valley are mobile sources, residential wood burning, and
commercial cooking. During that same time period, PM2.5 emissions from mobile
sources decreased by nearly 25 percent due to ongoing implementation of ARB’s
mobile source control program. In addition, the decrease in organic carbon reflects
substantial benefits from the implementation of the District rule prohibiting residential
wood-burning on high PM2.5 days. Through a series of rule amendments, the threshold
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for curtailing burning was tightened to 30 pg/m®in 2008. As a result, PM2.5 emissions
from residential wood burning decreased 60 percent. Although a District rule controls
emissions from certain commercial cooking operations, as a result of population growth,
PM2.5 emissions from commercial cooking have decreased only modestly
(approximately 10 percent).

Ammonium nitrate is formed in the atmosphere from chemical reactions of NOx, volatile
organic compounds (VOCs), and ammonia. It is therefore important to understand
which precursor controls have been most effective in reducing ammonium nitrate
concentrations. A number of different methods can be used to assess this, including
evaluation of emissions inventories, review of monitoring data, and air quality maodeling.

Evaluation of both emissions inventory and monitoring data suggest that in the Valley's
armmonia-rich conditions, NOx, rather than ammonia controls are more effective in
reducing wintertime PM2.5 concentrations. In addition, air quality modeling has shown
that while large reductions in NOx lead to commensurate reductions in ammonium
nitrate, comparable reductions in ammonia are much less effective. On a per ton basis,
reductions in NOx are approximately an order of magnitude more effective-than. .. .-
reductions in ammonia. Finally, air quality modeling has indicated that VOC emission
reductions produce no PM2.5 benefit, and in some instances may actually lead to a very

small disbenefit. -

As a result, programs aimed at reducing NOx emissions have.played an important role
in reducing ammonium nitrate concentrations. Between 2002-?"9’ 2011, Valley NOx
emissions decreaséd'by about 38 percent, with a commensurate reduction in both
gaseous NOx concentrations and ammonium nitrate concentrations. Major NOx
reductions during this time period have resulted from the ongoing implementation of
both new vehicle standards for passenger and heavy-duty diesel vehicles and
equipment, as well as rules accelerating the turnover of the legacy diesel fleet. District
rules have also resulted in ongoing reductions in stationary source NOx emissions over
this time period. _

iIl. DEMONSTRATING ATTAINMENT

A. Attainment Demonstration

1. Grid-Based Modeling

" Consistent with U.S. EPA guidelines, ARB staff conducted air quality modeling to

predict future PM2.5 concentrations at each monitoring site in the San Joaquin Valley.
This modeling was used to identify the most expeditious aftainment date, the relative
benefits of controlling different PM2.5 precursor pollutants, and the magnitude of
emission reductions needed from each poilutant. Following U.S. EPA’s guidance, the
modeling addressed the most severe air quality days, which relies on characterization of
episodic daily emissions. - '

For the 2012 PM2.5 Plan, 2007 was chosen as the base year for the air quality
modeling. The design values recorded in 2007 were some of the highest in recent years

6



and analysis indicates that the meteorology was one of the most conducive to PM2.5
formation. Thus, the selection of 2007 represents a health protective approach-to the
attainment demonstration modeling. :

The attainment demonstration incorporates modeling that includes the benefits of all
adopted regulations plus additional scenario and sensitivity runs. Continued
implementation of ARB and District ongoing control programs provide new emission
reductions each vyear, resulting in a forecasted 55 percent decrease in NOx emissions,
and about a 30 percent decrease in PM2.5 emissions between 2007 and 2019.
Modeling these reductions showed attainment of the 24-hour PM2.5 standard by 2019
in all counties except Kings and Kern. : :

- ARB staff then modeled a new scenario reflecting the ongoing control program coupled
with an enhanced wood burning curtailment program designed to prevent burning on
days that may lead up to a PM2.5 exceedance. The modeling results for this scenario
indicate that this regional control would bring almost the entire Valley into attainment by
2019, with only the Bakersfield-California Street site a remaining localized area of

. nonattainment. The predicted design values from this modeling are shown in Table 1.
The substantial improvement in design values reflect ammonium nitrate concentrations
that are predicted to decrease by nearly 45 percent, organic carbon concentrations by
approximately 65 percent, and elemental carbon concentrations by nearly 80 percent.

Table 1. 2019 modeled 24-hour PM2.5 design values with ongoing prografns and
enhanced wood burning curtailment

|~ 2007 'Design Value -] 2’04%91’5M6d@¥é'¢"l§ﬁé§i‘gh

A S T R ‘- Vafue‘fﬂglm’i)
Bakersfield - California 66 - 357 '
Bakersfield - Planz 68 - 329
Corcoran - Patterson 61 = 3214
Visalia - N. Church 58 - ‘ 29.4
Fresno - Hamilton 61 _ 28.6
Fresno-1% 63 305
Clovis 58 28.6
Merced 48 _ 22.6
Modesto 55 247
Stockton : 45 21.4

In order to determine the emission reductions needed to bring the final site into
attainment, ARB staff conducted additional modeling sensitivity runs to assess the
relative efficacy of further reductions in different PM2.5 precursors in Kern County. This
modeling demonstrated that on a relative basis, the greatest benefits are achieved from
reductions in directly emitted PM2.5, followed by NOx, with PM2.5 emission reductions
approximately eight times more effective than NOXx. :

Because the remaining nonattainment problem is very localized, ARB staff éxamined
the emissions inventory in the area surrounding the Bakersfield-California Street
7
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monitoring site. This analysis identified commercial cooking, residential fuel

" combustion, and on-road motor vehicles as the top three sources of directly emitted
PM2.5. Although a District rule controls emissions from some commercial cooking

operations, emissions from this category are forecasted to increase slightly into the

future due to population growth. Therefore, further control of PM2.5 emissions from

commercial cooking operations was identified as the most effective approach to meet
the standard at the remaining nonattainment location. The final attainment ‘
demonstration for Bakersfield-California, the Valley design site is shown in Table 2.

Table 2. Attainment demonstration for the Bakersﬁeld—Cali.fomia design value site.

3007 Design Value | 2019 Design Value | 2019 Final Design .
(ngim) | withWood | Valuslghm’)
- Burning Program " '
‘| Enhancement
b (nglm’y,
656 | 357 — 353
Note: The benchmark for attainment is a design value that is equal to
or less than 35.4 pg/m’. :

The final attainment demonstration for Bakersfield-California includes two new District
measures, the enhanced wood burning program and commercial cooking controls.

The forecasted 2019 design value for Bakersfield-California with implementation of
ongoing control programs and an enhanced residential wood burning curtailment
program is 35.7 ug/m3. Model sensitivity analysis of commercial cooking controls.
shows a 0.6 ug/m3 reduction, bringing the predicted design value to 35.1 ug/m3. -
However, due to a small increase in motor vehicle emissions resulting from use of. .
updated vehicle activity data, the projected design value was adjusted upward by

0.2 ug/m3. The new data from the San Joaquin Valley Metropolitan Planning
Organizations (MPOs) represents about a one percent increase in Valleywide NOx
emissions. A modeling sensitivity run served as the basis for this adjustment to the
design value. In total, with reductions from existing programs, further wood burning
restrictions, new controls on commercial cooking, and updated MPO data, the predicted
design value is 35.3 ug/m3. As a result, the attainment demonstration meets

U.S. EPA’s requirement for an attainment design value of no greater than 35.4 ug/m3.

2. PM2.5 Attainment Plan Precursors

As discussed earlier, ambient PM2.5 is comprised of many different constituents and as
a result there are multiple precursor pollutants that lead to PM2.5 formation (directly
emitted PM2.5. NOx, SOx, VOCs, and ammonia). U.S. EPA’'s PM2.5 implementation
rule (Rule) specifies that a precursor is considered “significant” for control strategy
development purposes when a significant reduction in the emissions of that precursor
poliutant leads to a significant decrease in PM2.5 concentrations. Such pollutants are



known as “PM2.5 attainment plan precursors”.” 2 The Rule also establishes a
presumptlon that PM2.5, SOx-and NOx are-attainment plan-precursors, while VOCs and
ammonia are not significant precursors. U.S. EPA noted in the Rule that the
uncertainties in ammonia emission inventories and efficacy of ammonia control
measures did not provide enough evidence to consider ammonia as a mandatory
PM2.5 attainment plan precursor.

The U.S. EPA Rule does not define significance nor define a quantitative test for
determining significance. When it approved the Valley's annual PM2.5 plan in 2011,
U.S. EPA determined that while ammonia reductions provided a small benefit, they were
not significant when compared to the benefits of reducing NOx. The orlly PM2.5
attainment plan precursors identified and approved by U.S. EPA for the annual standard
are'PM2.5, NOx, and SOx. . -

In developlng the PM2.5 SIP for the 24-hour standard precursor sensitivity modeling
was again done based on the most recent data. This modeling showed that a

25 percent reduction in NOx and PM2.5 would reduce the 2019 design value at
Bakersfield by 10 to 12 percent respectively, while a similar reduction in ammonia would
reduce the design value by only one percent. On a per ton basis, reductions in the
required attainment precursors - NOx, SOx, and PM2.5 - are ten to forty times more
beneficial than ammonia reductions. This modeling also indicates that reductions in
VOCs have no benefit, and may in some cases cause a very slight increase in PM2.5.
Based on the current science showing the relative effectiveness of precursor reductions,
the appropriate attainment plan precursors for PM2.5 remain PM2.5, NOx, and SOx.

While ammonia has not been shown to be a significant precursor for PM2.5, ARB staff
supports the District ammonia feasibility measure to conduct further research on
ammonia emissions and implementation of any feasible and cost-effective mitigation
measures identified through this process. This approach is consistent with U.S. EPA’s
Rule which enable states to focus on the most effective control strategies by
d|st|ngmsh|ng among PMZ2.5 precursors on the basis of significant contnbutlon to
attainment. -

3. Attainment Date

Nonattainment areas must attain the PM2. 5 standards as expedltlously as practicable,
but no later than 2019. Looking at the modeled design values and rates of emission
reductions, by 2017, approximately 90 percent of the population in the Valley is
predicted to live in areas that meet the standard, and the 2012 PM2.5 Plan
demonstrates full attainment in 2019 at the last remaining site in Bakersfield.. The
District assessed whether attainment at this last site could be accelerated, and
caiculated that emission reductions sufficient to achieve about a 1 ug/m3 decrease in
design value would be needed in order to accelerate attainment at this location by one
year.

As discussed, reductions in PM2.5 and NOx emissions are the most effective in
reducing PM2.5 concentrations. ARB regulations and California’s incentive programs

? (72 FR 205886).
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are reducing mobile source NOx and PM2.5 emissions as expeditiously as possible,
with increasingly stringent new engine standards and the early turnover of legacy fleets.
In addition, new District control measures addressing residential wood burning and
commercial cooking will be implemented in advance of 2019 to provide early emission
reductions.

In looking for other potential ways to accelerate attainment by one year at the remaining
nonattainment site, modeling sensitivity runs were evaluated. The modeling showed
that to achieve a 1 ug/m3 decrease in the design value at the Bakersfield site all
ammonia emissions in Kern County would need to be eliminated. On a Valleywide
basis a 34 percent reduction in ammonia emissions would be needed. Reductions on
this scale in this timeframe were not found to be feasible. Ammonia is currently being
controlled through the District Confined Animal Feeding Operations rule, and research
is currently underway to provide an improved characterization of ammonia emissions
and the potential for further mitigation. Given the need for further research, completion
of the ammonia feasibility study is needed prior to determination of whether further
ammonia emission control could accelerate attainment. ‘ ‘

4. We'igrh_t of Evidence

U.S. EPA’s modeling guidance requires that the modeled attainment demonstration be
accompanied by a weight of evidence analysis to provide a set of complementary
analyses. Examining an air quality problem in a variety of ways provides a more
informed basis for the attainment strategy as well as a better understanding of the
overall problem and the level and mix of emissions controls needed for attainment.

Appendix G of the 2012 PM2.5 Plan provides the weight of evidence analysis
conducted by ARB staff. Following U.S. EPA guidance, this includes assessment of
trends in air quality and emissions, source-receptor models and other diagnostic
analyses, additional modeling evaluations, and description of a conceptual model of
PM2.5 in the Valley. The weight of evidence analysis draws upon the wealth of data -
collected in the Valley over the years, both from the routine monitoring network, as well
as special studies. The substantial continuing reductions that will result from
implementation of the ongoing control program, coupled with new measures addressing
residential wood burning and cooking are consistent with past progress and the results
predicted in the modeled attainment demonstration and support the selected control
approach and the associated attainment date of 2019.

B. Control Strategy

Attainment of the 24-hour PM2.5 standard in the Valley will require the combined efforts

of ARB and District control programs. As a result of these programs, NOx emissions
are forecasted to decrease by 55 percent and PM2.5 emissions by about 30 percent by
2019. The following sections highlight ARB’s ongoing control programs and new District
measures that provide the emission reductions included in the attainment
demonstration. ‘

The 2012 PM2.5 Plan.is built upon the District's adopted strategy that is the foundation -

for the 8-hour ozone and annual PM2.5 plans approved by U.S. EPA in 2011. In

10



addition, the District has committed to pursue five new regulatory control measures to
further reduce PM2.5 and NOx emissions as outlined in Table 3.

Table 3. District regulatory control measures.

Rule “T'Amendment|'‘Compliance:| Emission
RS _ Daté” ‘| '~ ‘Date | Reductions.
| Rule 4308 Boilers, Steam Generators, and ' ) -

Process Heaters 0.075 to <2 MMBtu/hr 2013 2015 TBD

Rule 4692 Commercial Charbroiling 2016 2017 0.41tpd

PM2.5

Rule 4901 Wood Burning Flreplaces and t.5tpd of |

Wood Burning Heaters 2016 - 2016 PM2.5

Rule 4905 Natura! Gas-Fired, Fan—Type , : '

Residential Central Furnaces 2014 - 2015 TBD

Rule 9610 SiP- Credltablllty of Incentives - | - 2013 2013 - TBD -

Two rule amendments focus on reducmg directly emitted PM2.5 and are key elements
of the attainment control strategy. This includes expanding the scope of Rule 4692 for
commercial charbroiling to.include under-fired charbroilers, similar to the commitment
made by the South Coast Air Quality Management District (South Coast). The South
Coast and the District continue to partner in efforts to evaluate and advance
technologies for this source sector. In addition, the District has committed to further
strengthening the successful residential wood burning curtailment program under
Rule 4901. Compliance dates for these measures are intended to provide early
emission reductions. -

- Other rules will reduce NOx emissions from residential central furnaces, and boilers,
steam generators, and process heaters, with benefits to be quantified as part of the
-rulemaking. No reductions were included in the attainment demonstration. Working .. .

-with U.S. EPA, the District also plans to pursue a new rule to allow SiP credit for
emission reductions from incentives.

The 2012 PM2.5 Plan also identifies seven further study measures which upon
completion could result in opportunities for additional emission reductions. These study
measures seek to explore where and how addition reductions may be achieved in the
future. The District is committing to release study reports by the dates listed in Table 4.

11
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Table 4. District further study measures.

Control Measure | Description - Completion Date
Rule 4103 Evaluate the feasibility of postponed burning
Open Burning activities every 5 years, as outlined in the
current rule. 2015
Rule 4106 : Examine the feasibility of |mplementlng a
Prescribed Burning | biomass removal program similar to the ‘
Placer County program. 2013
Rule 4311 Review flare minimization plans and annual
Flares reports for further emission reduction
opportunities. _ 2013
Rule 4550 ‘Analyze existing studies and support new
{ CMPs : studies to establish a more accurate

inventory of PM2.5 emissions and identify
potential addition emission reduction

opportunities. ' - 2014

Rule 4570 Analyze existing studies on ammonia at :
Confined Animal - dairies and evaluate potential ammonia
Facilities - | controls for their effectiveness in reducing

' PM2.5 concentrations in the Valley. ' 2017
SC 001 'Evaluate emissions inventory and technology |
Lawn Care demonstration efforts to identify potential
Equipment emission reduction opportunities. 2013
SC 005 Examine feasibility of warm-mix asphalt as a
Asphalt/Concrete potential emission reduction opportunity.
Operations = 4 : 2013

Over the past five years, ARB adopted a number of reguiatlons aimed at reducing -
‘emissions of diesel particulate matter and oxides of nitrogen from freight transport -
sources like heavy-duty diesel trucks, and off-road sources like large construction
equipment. Phased implementation of these regulations will produce increasing
emission reduction benefits over time, as the regulated fleets are retrofitted, and as
older and dirtier portions of the fleets are replaced with newer and cleaner models at an
acceierated pace.

ARB’s longstanding programs to reduce emissions from passenger vehicles along with
the smog check program provide continuing benefits needed for attainment of the
24-hour PM2.5 standard. Implementation of the ARB 2007 State Strategy approved by
U.S. EPA® is providing new reductions included in the PM2.5 SIP for the San Joaquin
Valley. Since development of the 2007 State Strategy, the ARB measures listed in

Table 5 have been adopted and improvements to California’s smog check and vehicle

retirement programs have been made.

Approval and Promulgatlon of Implementatlons Plans Callfornla 2008 San- Joaqum Valley PM2.5 Plan-

~ and 2007 State Strategy-Federal Register Voi. 76, No. 217, Page 69896
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Tabl_e 5. 'Measures in the 2007 State Strategy

Smog Check‘ Improvements
Expanded Vehicle Retirement (AB 118)

Modiﬁcations to _-Rgformuia;ed Gasoline Program

Auxiliary Ship En,gine_‘ Cold Ironing & Other Clean Tech

Cleaner Main Ship Engines and Fue!

Port Truck Modemization _

Ciean Up Existing ‘Harbor Craft -

EanVapor Recovery found Storage
Tanks _
Additional Eva

tive Ernission Standards

Consumer Products Program

Pesticide Regulation (adopted by Department of
Pesticide Regulation) :

Clean New and In-Use Heavy-Duty Trucks

A central control element of ARB's 2007 State Strategy is inbreas'ingly stringent
standards for new trucks as shown in the Table 5. New heavy-duty trucks sold since
2010 must emit 98 percent less NOx and PM2.5 than new trucks sold in 1986.

Table 5: Phase-in of truck engine standards.

Model Year .|-Applicable Standard
-~ =1 gibhp-hr
NOx PM
1986 and older 10.7 1080
1987-2006 From 6.0 t0 2.0 From 0.6 t0 0.10
2007-2009 1.1 0.01
2010 : 0.2 0.01

13



22

However, older, higher-emitting trucks with long service lives would stay on the road for
many years to come. With attainment of the PM2.5 standards required soon after the
cleanest trucks were introduced, the typically slow replacement of older trucks on the
road with the latest models would not provide emission reduction benefits soon enough..

To address this, ARB developed the Cleaner in-use Heavy-duty Truck SIP measure.
This measure leverages the benefits provided by new truck emission standards by
accelerating introduction of the cleanest trucks. The Truck and Bus Regulation was
adopted in December 2008, and amended in December 2010 to account for the

" reduced emissions resulting from the economic effects of the recession. This rule

represents a multi-year effort to turn over the legacy fleet of engines and replace them
with the cleanest technology available.

Starting in 2012, the Truck and Bus Regulation phases in requirements so that by 2023
nearly all vehicles will mest 2010 model year engine emissions levels. The reguiation
applies to nearly all diesel fueled trucks and buses with a gross vehicle weight rating
greater than 14,000 pounds that are privately or federally owned, including on-road and
off-road agricultural yard goats, and privately and publicly owned school buses. .
Moreover, the regutation applies to any person, business, school district; or federal
government agency that owns, operates, leases or rents affected vehicles. The
regulation aiso establishes requirements for any in-state or out-of-state motor carrier,
California-based broker, or any California resident who directs or dispatches vehicles
subject to the regulation. Finally, California sellers of a vehicle subject fo the regulation
would have to disclose the regulation’s potential applicability to buyers of the vehicles. -

Figuré 5 below porfrays reductions in NOx from in-use trucks within the San Joaguin -
Valley, and shows the benefits of ARB’s mobile strategy. ‘ B

Figure 5. Truck and bus regulation implementation.
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Drayage Truck Requirements
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In addition to the Truck and Bus Regulation, separate regulations reduce emissions
from other public fleets, solid waste collection trucks and transit buses. Trucks that
transport marine containers must comply with the drayage truck regulation.

Cleaner In-Use Off-Road Equipment

As with trucks, the control strategy for off-road equipment is based on increasingly
stringent new off-road diesel engines. As a result, new construction, mining, industrial
and oil drilling equipment will become progressively cleaner. The requirements vary
according to the power rating of engines. Table 6 shows the schedule for phasing in
tiered requirements for new off-road engines with a power rating between 175 and
300 horsepower (hp). Beginning in 2014, new Tier 4 construction equipment with the
power rating shown below must emit about 96 percent less NOx and PM than new
Tier 1 equipment sold in the year 2000.

Table 6: Phase-in of off-road engine standards

1996-2002 Tier 1 ; .
2003-2005 Tier2 .| 4.9* 0.15
2006-2010 Tier 3 3.0" 0.15
2011-2013 Tier 4 interim 1.5 0.015
2014+ Tier 4 final 0.3 0.015

*Reflects combined limit for non-methane hydrocarbons and NOx

However, large diese! off-road equipment typically remains in use for long periods of
time. As with heavy-duty trucks, this long life means that newer, lower-emitting engines
would be introduced into fleets relatively slowly. The impact of this is that emission
reductions and associated health benefits from these cleaner engines would also be
fairly slow to materialize. To address this, the 2007 SIP included the Cleaner In-use
Off-road Equipment measure.

First approved in 2007, the Off-Road Regulation was amended in 2010 in light of the
impacts of the economic recession. Affected off-road equipment is used in construction,
manufacturing, the rental industry, road maintenance, airport ground support and
landscaping. In December 2011, the Off-Road Regulatlon was modified to include on-
road trucks with two diesel engines.

Figure 6 portrays reductions in NOx emissions from off-road equipment within the San
Joaquin Valley, and shows the benefits of ARB's mobile strategy.

15
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Figure 6. Off-Road Regulation NOx emission.‘ reductions.
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The Off-Road Regulation will significantly reduce emissions of diesel PM and NOx from
the over 150,000 in-use off-road diesel vehicles that operate in California by requiring
their owners to modernize their fleets and install exhaust retrofits. The regulation
affects dozens of vehicle types used in thousands of fleets by requiring owners to
modernize their fleets by replacing older engines or vehicles with newer, cleaner
models, retiring older vehicles or using them less often, or by applying retrofit exhaust
controls.

-The Off-Road Regulation imposes idling limits on off-road diesel vehicles, requires a

written idling policy, and requires a disclosure when selling vehicles. The regulation
also requires that all vehicles be reported to ARB and labeled, restricts the addition of
older vehicles into fleets, and requires fleets to reduce their emissions by retiring,
replacing, or repowering older engines, or installing verified exhaust retrofits. The
requirements and compliance dates of the Off-Road Regulation vary by fleet size.

Passenger Cars

The Board established California’s Low Emission Vehicle (LEV) program in 1990, and
the LEV2 program in 1998. Additionally, ARB's Zero Emission Vehicle (ZEV) regulation
which affects passenger cars and light-duty trucks, has spurred movement towards
commercialization of advanced clean cars and light-duty trucks. As a result, many new
gasoline engines now emit extremely low emission levels of smog forming emissions.
Conventional hybrid electric vehicles have been commercialized, and the number of
models offered for sale is quickly expanding. Recently, battery electric vehicles and
plug-in hybrid electric vehicles have been introduced for sale, and fuel cell electric
vehicles are expected to follow.
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ARB'’s Advanced Clean Cars (ACC) Program, approved in January 2012, is a
pioneering approach of a ‘package’ of regulations, that although separate in
construction, are related in terms of the synergy developed to addressboth ambient air
quality needs and climate change. The ACC program combines the control of smog,
soot causing pollutants and greenhouse gas emissions into a single coordinated
package of requirements for model years 2015 through 2025. The program assures the
development of environmentally superior cars that will continue to deliver the
performance, utility, and safety vehicle owners have come to expect.

The ACC program approved by ARB in January 2012 included amendments affecting
the current ZEV regulation through the 2017 model year in order to enable '
manufacturers to successfully meet 2018 and subsequent model year requirements.
The ZEV amendments for 2018 and subsequent model years in the ACC program
approved by ARB in January 2012 are iritended to achieve commercialization through
simplifying the regulation and pushing technology to higher volume production in order
to achieve cost reductions. ' T ' '

The ACC Program will produce increasing benefits over time as new cleaner cars enter
the fleet displacing older and dirtier vehicles. in this manner, the benefits in 2023 will be
realized through the cumulative reduction in emissions achieved by new'cars ‘entering
the fleet in 2017 through 2023. This program will continue to provide benefits well after
2025 as vehicles meeting the new standards replace older, higher-emitting vehicles.

Many additional programs are currently in place to reduce emissions fromthe
passenger car legacy fleets and accelerate fieetturn over. The Smog Check Program
ensures that passenger vehicles stay clean as they age and on-board diagnostic

systems identify srog control problems. The Smog Check Program is continuously
being improved-to provide additional emission reductions such as requiring stricter
inspection standards and annual inspection of older vehiclies. ARB is also active in
encouraging consumers with older dirtier vehicles to retire them early. Replacing older .

~dirtier vehicles with cleaner new vehicles provides petmanent emission reductions.
IV. OTHER CLEAN AIR ACT'REQUIREMENTSA

In addition to the elements related to thé éttainment demonstration, the Clean Air Act
also requires that SIPs contain the following information:

» Base year emission inventories and future year forecasts for manmade sources
of air pollution in the nonattainment area:

* Demonstration that all reasonably available control technology/reasonably
available control measures (RACM/RACT) have been applied to existing
sources; ‘

« Reasonable Further Progress (RFP) towards attainment;

 Contingency measures in the event the controls fall short of achieving needed
reductions; and B ,

» Transportation conformity emission budgets to ensure transportation plans and
projects are consistent with the SIP. '
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A. Emissions Inventory

SIPs must contain base-year inventories for PM2.5 and all precursor emissions as well
as future year forecasts for all pollutants identified as PM2.5 attainment plan precursors.
An emission inventory consists of a systematic listing of the sources of air pollutants
with an estimate of the amount of poliutants from each source or source category over a
given period of time.

ARB and District staff worked jointly to prepare an updated emission inventory for the
2012 PM2.5 Plan. This included a category-by-category review and update to the
growth profiles using sector specific forecasts based on the most recent economic
information available. Extensive effort also'went into developing an inventory for use in
the air quality modeling that appropriately represented the nature of episodic emissions
during the winter months. Additional information on the emission inventory
methodologies and resulting base and future year emissions can be found in

Appendix B of the 2012 PM2.5 Plan. -

B. ReaS_onably Available Contrb‘l Measure Analysis

As specified in the Clean Air Act, SIPs shall provide for the implementation of all RACM
as expeditiously as practicable, including at minimum RACT. U.S. EPA has interpreted
RACM as those measures that are technologically and economically feasible and when
considered in aggregate, would advance the attainment date by at least one year.

The District RACM/RACT demonstration includes a comparison of stationary source
measures the District has implemented or plans to implement with U.S. EPA's list of
suggested PM2.5 control measures along with other local district measures and
comments received during the public process. Based on this, the District determined |
that four rules could be strengthened to provide reductions needed to attain the PM2.5
standard in the Valley. No additional feasible measures were identified that could in
aggregate accelerate attainment by one year, as discussed previously in the attainment

date section.

California’s comprehensive mobile source program continues to be RACM as it expands
and further reduces emissions. Given the significant emission reductions needed for
attainment in California, ARB has adopted the most stringent control measures
nationwide for on-road and off-road mobile sources and the fuels that power them.
These measures provide a significant amount of emission reductions needed for the

~ Valley to attain the PM2.5 standard. The complete RACM and RACT assessment is

provided in Chapter 9 and Appendix D of the 2012 PM2.5 Plan.
C. Reasonable Further Progress

SIPs must also provide for steady progress in reducing emissions during the years
leading to attainment. The pace of ARB and District control programs, as well as the
early introduction of the District's wood burning and commercial cooking measures fully .
meets the RFP requirements. Figure 7 shows projected NOx emission levels along with
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the RFP linear target. As shown in the figure, NOx emission levels are projected to be
well below the level of required linear progress, ensuring early emission reductions
towards attainment. ' ' .

Figure 7. NOx emission reductions compared to RFP target.
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D. Contingency Measures

Contingency measures provide additional emission reductions in the event a
nonattainment area fails to achieve RFP targets or attain the PM2.5 standard by its
attainment date. These contingency measures are to take effect without further ARB or
District action. As shown above in the exampie in Figure 7, early reductions from the
_control strategy beyond those needed for REP provide for interim year contingency. In
addition, reductions that accrue between 2019 and 2020 provide the majority of the
attainment contingency reductions. Additional Valleywide reductions. from the
commercial cooking and enhanced wood burning curtailment rules beyond those

- needed for localized attainment, as well as a contingency trigger in the residential wood
burning rule provide the remaining contingency reductions. Additional discussion of
contingency measures is provided in Chapter 9 of the 2012 PM2.5 Plan.

E. Transportation Conformity Budgets

Under section 176(c) of the Clean Air Act, transportation activities that receive federal
funding or approval must be fully consistent with the SIP. U.S. EPA’s transportation
conformity rule* details requirements for establishing motor vehicle emission budgets
(budgets) in SIPs for the purpose of ensuring the conformity of transportation plans and
- programs with the SIP.

* U.S. EPA maintains online information on its transportation conformity program, including access to
relevant rulemakings, policy guidance, and reports at: http://www.epa.gov/otag/transp/tragconf.htm
- 19
' 27



The 2012 PM2.5 Plan establishes county-level on-road motor vehicle emission budgets
for each RFP milestone year, as well as for the attainment year. Emission budgets for
direct PM2.5 and NOx were calculated using EMFAC2011 and reflect winter average
emissions. The emission budgets established in the 2012 PM2.5 Plan fuffill the
requirements of the Clean Air Act and U.S. EPA regulations to ensure that

transportation projects will not interfere with progress and attainment of the annual
PM2.5 standard. Additional detail on the on-road motor vehicle emission budgets can
be found in Appendix C of the 2012 PM2.5 Plan.

V. ENVIRONMENTAL IMPACTS

To meet the requirements of the California Environmental Quality Act (CEQA), the
District prepared a Draft Negative Declaration because the Initial Study showed there is
no substantial evidence, in light of the whole record, that the 2012 PM2.5 Plan may
have a significant effect on the environment. On November 8, 2012, the District issued
a Notice of Intent to Adopt a Negative Deciaration along with the Initial Study”®. )

- Comments on the Initial Study and Draft Negative Declaration were accepted from
November 9, 2012 to December 8, 2012. ‘The written comments received were
reviewed and considered by the District Governing Board prior their adoption of the
Final Negative Declaration and approval of the 2012 PM2.5 Plan at a public meeting
held on December 20, 2012. :

VI. STAFF RECOMMENDATION

ARB staff recommends that the Board:

1. Adopt the San Joaquin Valley 2012 PM2.5 Plan, including the emission
inventory, local control strategy, attainment demonstration, identification of
PM2.5 attainment plan precursors, attainment deadline request, reasonable
further progress plan, contingency measures, RACT/RACM demonstration, and -

- transportation conformity emission budgets, as revisions to the California SIP. ... . ..

2 Direct the Executive Officer to submit the San Joaquin Valley 2012 PM2.5 Plan
to U.S. EPA for approval. o

5 hitp://www.valleyair.org/notices/Docs/2012/11-18-1 2PM25/Nofice_of_Intent-NegativeDeclaration.pdf -
, 20 |
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San Joaquin Vail-e | ey
u'AlRPuLLunuN[!:uNrRuLm;mu:¥ | - HEALTHY AIR LIVING

December 26, 2012

Mr. James Goldstene
Executive Officer .

California Air Resources Board
1001 "I" Street

P.O. Box 2815

Sacramento, CA 95812 -

Dear Mr. James Goldstene:

.Enclosed is the State Implementation Plan (SIP) Package for the San Joaquin Valley. . .
~ Unified Air Poliution Control District (District) 2012 PM2.5 Plan. The District Governing
Board adopted the 2072 PM2.5 Plan at a public hearing held on December 20, 2012.
We request that the California Air Resources Board (ARB) transmit this plan and the
appropriate documentation to the United States Environmental Protection Agency (EPA)

as a SIP revision. o :

Included in this SIP Package are the following attachments:
ARB SIP Completeness Checklist :

The 2012 PM2.5 Plan with Appendices

Evidence of Public Hearing , :

Governing Board Resolution Adopting the 2072 PM2.5 Plan

Governing Board Memo - ‘

CEQA Initial Study and Negative Declaration

DO RN

If you have any questions regarding this plan, please contact Jessica Fierro by e-mail at
Jessica.Fierro@valleyair.org or at (559) 230-5800. The District thanks you and your
staff for your assistance. : ' ' -

Sincerely,

if Sheikh |
Director of Strategies and Incentives

Attachments

cc: S. Vanderspek
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SJVUAPCD Goveming Board
| ADOPT THE PROPOSED 2012 PM2.5 PLAN

| December 20, 2012

BEFORE THE GOVERNING BOARD OF THE
SAN JOAQUIN VALLEY UNIFIED
AIR POLLUTION CONTROL DISTRICT

IN THE MATTER OF: RESOLUTION: _2012-12-19

ADOPTING THE SAN JOAQUIN VALLEY \
UNIFIED AIR POLLUTION CONTROL
| DISTRICT 2012 PM2.5 PLAN

WHEREAS, the San Joaquin Valley Unrﬁed Air Pollution Control Dretrlct (Dletrlct) isa
|duly constituted unified district, as provided in Callfornra Health and Safety Code
|| sections 40150 to 40161; and

WHEREAS, pursuant to Section 107(d) of the federal Clean Air Act (CAA) as | |
%amended in 1990, the United States. Environmental Protectlan Agency (EPA) has
{égdes;gnated the- San Joaquin Valley- Arr Basin (Valley) as nonattarnment fnr the PMZ 5

| national ambient air quality standards (NAAQS) as set in 2006 in Volume 74, Number "
218 of the Federal Register (pages 58688-781, effectrve December 14, 2009); and
! WHEREAS, as given in Sectlon 172(b) of the Clean Air Act. (CAA), attarnment plans
must be submitted to EPA no later than three years after the effective date of the
| nonattainment designation; therefore EPA requires the State of Qahforma to submit a

| plan by December 2012 that satisfies the requirements of Section 172 of the CAA,
‘f?iﬁcluding a demonstration of attainment of the‘2006 PM2.5 NAAQS in the Valley; and
WHEREAS the initial attainment date for PM2.5 areas is no later than five years

: after the date of designation, or 2014, but the EPA Admrnrstrator may revise the date,
as appropriate, for a period of up to ten years from the date of designation based on
the availability and feasibility of control measures (40 CFR 51.1004 (a}); and

| WHEREAS, the District Governing Board is committed to achieving the 2006 : PM2.5

' NAAQS, and the state PM2.5 standard, as expeditiously as possible; and

WHEREAS, the District Governing Board adopted Guiding Principles In February

2012 to provide an overall strategic direction for District staff in developing the 2012

| PM2.5 Plan (Plan); and

Resolution for the 2012 PM2.5 Pran
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1990 E. Gettysburg

Ave

Fresno, CA 93726

(558} 230-5800

SUVUAPCD Goveming Board .
ADOPT THE PROPQSED 2012 PM2.5 PLAN
December 20, 2012

il WHEREAS, the District developed the Plan through an extensive public process that

tincluded numerous meetings with the public, including public workshops:in Aptil, June,

‘were received during associated comment periods; and

WHEREAS, the District uses extensive research and sound science as the

f‘foundation for the Plan; and

1| WHEREAS, the District conducted a comprehensive analysis of ‘the -emissions |

lexpeditiously as practicable, given the feasibility of contrel technologies; and
| WHEREAS, the Plan will bring the Valley into attainment by 2013, with-a majority of |

T'Valley seeing attainment before 201 9, and will achieve significant ealth benefits:-and

WHEREAS, EPA's mass-based NAAQS do not fully address all'publicchealth factors,

|{and the District prioritizes control strategies providing the greatest public health

{ benefits under the District's Risk-Based Strategy; and

WHEREAS, the Plan will contribute to attainment of all EPA PM2.5 NAAQS; and

| WHEREAS, the District, ARB, and the Valley's eight Metropolitan Planning |
Organizations (MPOs) prepared the Plan to demonstrate attainmernt -of 'the. 2006 |
| PM2.5 NAAQS by 2019 and contain all elements required under the federal CAA; and

| WHEREAS, the Plan includes sub-area mobile source emissions budgets for 2014,

2017, and 2019 that must be met by each of the eight MPOs, respectively, in the

Valley for transportation conformity; and
WHEREAS, the dynamic nature of transportation planning in the Valley may trigger

| Governing Board adoption of the Plan; and

WHEREAS, new and amended regulations to be adopted through implementation of

and October 2012, and the District responded o written and ‘verbal-comments that :

WHEREAS. photochemical and receptor modeling conducted by ‘the District and the .
‘California Air Resources Board (ARB) show that emission reductions from the plan

strategy are sufficient to demonstrate attainment by 2018, but not sooner;and .. . .

sources in the Valley and potential control measures to reduce emissions as

the heed for technical refinements to the sub-area emissions budgets after the District |

Resolution for the 2012 PM2.5 Plan

33



.SJVUAPCD Goveming Board

ADOPT THE PROPOSED 2012 PM2.5 PLAN

December 20, 2012

the Plan would be subsequently developed through public processes, which will

include due consideration of technological feasibility, cost-effectiveness,

socioeconomic impact, and environmental impact; and

|

the Plan, and the District is committed to achieving equivalent emission reductions

WHEREAS, individual contrr’ol measures may be revised from what IS pr_oposed in

| from the overall control strategy in the same time frames as proposed in the Plan; and
. WHEREAS, the techmcal PM2.5 modeling work supporting the Plan couid not have

been accomplished without the leadership, funding, and work products provided

_; through the San Joaquin Valley-wide Air Poliutlon Study Agency; and
{ WHEREAS, the California -Regional Partlculate Air. Quality Study (CRPAQS) . will

o=
e

—
-—

%rrnmminue to.produce results-that-help provide an improved. understanding of PM in the
=Va!ley, including. relationships- among. meteorology, atmespheric, chemustry, and PM

2 @ N

- iprecursor emissions; and
ﬂ WHEREAS, a-public hearing for the.adoption. of the Plan was. duly hoticed and held

15: fandaecemb,er 20, 2012, in .accordance with law; amd

16 || WHEREAS, this Board concurs with the recommendations of ts statf,

(7 || NOW, THEREFORE, be it resolved as follows: |

18 { 1. The District Governing. Board adopts the Proposed 2012 PM’2 5 Plan, thereby

19. :("?fulﬁlling air quality planning requirements under the federal CAA for the 2006 PM2.5
20 rniNA'AQ:S. Said Plan is attached hereto and incorporated herein.

21 2. The District Governing Board requests EPA to set 2019 as the attainment date
22 ;,;J;’for the PM2.5 NAAQS, adopted in 2006.

23 3. Adoption of said Plan is necessary to comply with the federal CAA and will |

24 promote the health and welfare of the residents of the Va:lleyu

25 4, The Ilstnct has completed an Initial Study for said Plan that indicates the

26 “%ﬁrqect will not result in any 3|gn|f|cant adverse effects to the envnronment and a

27 ||Proposed Negative Declaratlon has been prepared and properly noticed pursuant to

28 {[the CahfomfaEnwronmentaI Quality Act (CEQA) Gwdelmes The District Governing

1490 8. Getyeburg

A |
3%9no.vc"imm - . Resolution for the 2012 PM2.5 Plan’
59) 230-5800 ; 3- ]
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15 |
; measures in the Plan by the dates specified in Chapter 5 to achieve the emissions

16
17
18
19
20
21

22

SJVUAPCD

23
24

25 |
26
27
28 |

1990 E. Gettysburg

© Ave

Fresno, CA 93726

(659) 230-5600

Board has duly considered said Initial Study and proposed Negative Declaration. ;

1 Declaration for said Plan pursuant to CEQA requirements. In accordance with the
'provisions of Secrtions 15075 of the CEQA Guidelines, the Executive Director/Air

| Pollution Control Officer is hereby directed to file a Notice of Determination with the -572 ,

o ~N @ o bh wWw N

| Board has allowed pubiic testimony in accordance with law.
| déveloped as a result of adoption of the Plan address technical and economic

[|the rule development process so that the rules are both fair and approvable by EPA.

130 days of adoption for fransmittal to EPA as a revision to the State Implementation
|Plan (SIP). If the total emission reductions from the adopted rules are less than those
{ committed to in the Plan, the District Governing Board commits to adopt, submit, and

||implement substitute rules and measures that will achieve equivalent reductions in |

| implementation timeframes or in the timeframes needed to meet CAA milestones.

SUVUAPCD Govemning Board
ADOPT THE PROPOSED 2012 PM2.5 PLAN
December 20, 2012

Accordingly, the District Governing Board approves and adopts- a Negative :

County Clerks of each county in the District.

5. The District Governing Board hereby finds, based on the evidence and |

information presented at the hearing upon which its decision is based, that all notices

required to be given by law have been duly given, and that the District Governing

6. District staff is directed to work with stakeholders and EPA to ensure that rules

'féasibility issues identified during plan development along with those that arise during
7. The District Governing Board commits to adopt and "imp"lement the rules-and |

reductions shown. in Chapter 5, and to submit these rules and-fneasures to ARB within |

emissions of direct PM2.5 or PM2.5 precursors in the same adoption and

7a. Reducing emissions from residential wood burning devices is prioritized

under the District's Risk-Based Strategy.

7b. bistrict staff is directed to amend Rule 4901 (Wood Burning Fireplaces |

and Wood Burning Heaters) ahead of the 2016 plan commitment, by winter .

Resolution for the 2072 PM2.5 Plan |
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SJVUAPCD Goveming Board
ADOPT THE PROPOSED 2012 PM2.5 PLAN
December 20, 2012

I 2014. This early adoption is a local commitment, not a federalty enforceable
plan-commitment.
7. The 2014 amendments to Rule 4901 should allow for use of EPA-
i certified wood burning devipes at certain curtailment levels. This will encourage
residents to upgrade to these devices, helping to reduee emissions and
improve public health even on days when wood burni.n‘is allowed.
I 8. Any technical refinements that are needed for the sub-area emissions budgets
Eﬁtwillebe duly: nqtloed and presented in the State strategy that is scheduled for hearing

{:by ARB i January 2013.

P2

9. The District Governing Board commits to provide adequate resources to-carry
out the provisions of the:Plan; |

10. The Executive DirectarAir Poellution.Gantrol Officer is herehy direcied to forward a _.
,foepyeofi‘this:Reselutiem,,;;the. Plan, -and-apprapriate. Appendices to the ARB for inglusion in

. t $he: StP.

l 11. The-District Goveming Board requests.that ARB authorize: |ts Executive Officer to |
="include‘:~the«nistrict%s 2042:PM2.5.Plan, as adopted by the District's Governing Board, in
‘ "theJCahfomla SIP for submittal fo-EPA.

. " 42.The District Governing Board requests that EPA approve the Dlstnct's 2012 |

g gPM’25 Plan, including the rulemaking calendar and demonstrations of attainment,

Reasonably Awailable Control Technology/Reasonably Available Control Measures

‘ fa(RACTIRACM) Reasonable Further Progress (RFP), contingency measures, and
"Z'mterpollutant trading ratios for New Source.Review (NSR). The District Governing

| Beaﬁd Tequests:that: EPA:grant. a.gonditional approval .to.any plan elements for which

4. -PEPA cannat; for whatever reason; grant full approval at this.time.

|13 District staff is hereby authorized to.make any minor typographical and ,technical
ji&haﬁges in the Plan that are neeessary to.correct minor errors, clarify wording, or to

'satisfy ARB and EPA technical requirements, provided that there are no changes in the

|l Gonelusions or control requirements in the Plan.

Resolution for the 2012 PM2.5 Plan-
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(669) 230-5800

SJVUAPCD Governing Board '
ADOPT THE PROFPOSED 2012 PM2 5 PLAN
December 20, 2012

14.THE FOREGOING was passed and adopted by the following vote of the |

Governing Board of the San Joé‘quin Valley Uni_fied Air Pollution Control District this

20th day of December 2012, to wit:

AYES: barba, Barwick, Bomprezzi, Case, Dominici,
Hanson, Ornellas, Sherriffs, Walsh, Worthley,
Vierra, Watson, O'Brien

NOES:

None
ABSENT: Baines, Forman -

SAN JOAQUIN VALLEY UNIFIED
AIR POLLUTION CONTROL DISTRICT

Wllllam O Brlen Chalr
Governing Board

ATTEST: : :
Deputy Clerk of the Governing Board

By

Michelie Franco

Resolution for the 2012 PM2.5 Plan
-B- )
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EXECUTIVE SUMMARY

The San Joaquin Valley 2012 PM2.5 Plan demonstrates that the San Joaquin Valley will
attain the PM2.5 24-hour standard of 35 ug/m® as expeditiously as practicable due to -
adopted and proposed control measures. As part of the attainment demonstration, the
2012 PM2.5 Plan specifically identifies the: 1) most expeditious date of when the San
Joaquin Valley (Valley) will attain the standard, 2) attainment plan precursors,

3) amount of emissions needed to attain, and 4) sources to control. The weight of
evidence analysis provides a set of complementary analyses that supplement the
required modeling. Because all methods have strengths and weaknesses, examining
an air quality problem in a variety of ways offsets the limitations and uncertainty that are

" inherent in air quality modeling. This approach also provides a better understanding of

the overall problem and the level and mix of emissions controls needed for attainment.

Analyses conducted by Air Resources Board (ARB) and San Joaquin Valley Air
Pollution Control District (SJVAPCD or District) staff, along with findings from the ,
California Regional Particulate Air Quality Study (CRPAQS) provide the supplemental. -
information supporting the attainment demonstration. CRPAQS was a public/private
partnership designed to advance our understanding of the nature of PM2.5in the Valley
and guide development of effective control strategies. The study included monitoring at
over 100 sites as well as data analysis and modeling, results of which have been
published in over 60 papers and presented at national and international conferences.

Studies such as CRPAQS provide valuable information that supports the State
Implementation Plan (SIP) process in a number of ways. First, these studies provide
additional observational data that help to provide a more detailed understanding of the
nature of the PM2.5 problem in the San Joaquin Valley. This data alsoisusedto
update the fundamental algorithms contained within air quality models, thereby

* enhancing their ability to simulate observed air quality conditions. Finally, they provide

an improved basis for model applications used in the preparation of SIPs and a more
robust platform for evaluating the response to emission controls and predicting future air

quality.
What is the nature of the 24-hour PM2.5 problem in the Valley?

The geography of the San Joaquin Valley, along with weather patterns influence the
accumulation, formation, and dispersion of PM2.5. As a result, PM2.5 concentrations
are generally higher in the central and southem portions of the Valley, with highest
values in the urban areas of Fresno and Bakersfield. Concentrations are highest during
the winter months of November through February. During these months, high-pressure
weather systems over Northern California can cause the atmosphere to become
stagnant for extended periods, resulting in PM2.5 episodes that can persist from several
days up to several weeks. '

Ammonium nitrate and carbonaceous material (organic and elemental carbon) are the

largest constituents of PM2.5 on exceedance days, comprising 85 to 90 percent of the

E-1



mass. Geological material (dust), and ‘ammonium sulfate are'small-contributors. _
Ammonium nitrate is formed in the atmosphere from reactions of gaseous precursors.
Emissions of nitrogen oxides (NOx) from mobile sources and stationary-sources react
with ammonia which is primarily emitted from Tivestock operations, fertilizer application,
and mobile sources. The stagnant, cold, and damp conditions that occur during the
winter promote the formation and accumulation of ammonium nitrate. Elevated
concentrations can be found at both urban and rural sites. In contrast, organic carbon is
highest in urban areas due to émissions from residential wood combustion, commercial
cooking operations, and mobile source tailpipe emissions which are fargest in'urban
areas. Due to the localized urban increment from these activities, which adds to the
more regional ammonium nitrate concentrations, the highest'PM2.5 concentrations in
the Valley occur at urban sites. ’ : I o

What progress has been made in feducin PM2.5 conceritrations_?

The Valley has experienced progress in reducing both anhual average and 24-hour - =
PM2.5 concentrations over the last ten years. Between 2001 and 2011, annual average
design vaiues in the Valley declined between 30 and 40 percent at-individual monitoring
locations. Overall, annual PM2.5 trends adjusted for the effects of meteorology indicate
that between 1999 and 2010, annual PM2.5 concentrations decreased about 40 to 50
percent at Bakersfield and Fresno due to emission reductions. With on-going
implementation of the 2008-PM2.5 Plan, annuat average PM2.5 concentrations-in the
Valley are expected to continue to improve and reach attainment in 2014.

During this same time period, 24-hour PM2.5 design values in the Valley have also
decreased between approximately 30 and 50 percent. -In addition, the number of days
exceeding the 24-hour standard decreased by about 45 te 50 percent. After adjusting
for the influence of meteorology, the number of exceedance days has decreased
between 60 and 65 percent in Bakersfield and Fresno. ’ o

- Additional evaluations provide further insight into the annual and 24-hour PM2.5
progress that has been observed. For example, as the fraction of days recording PM2.5
levels.above the 24-hour standard has decreased, there has béen:'a Qq'rre__sponding
increase in the fraction of days below the level of the annual standard of 15 ug/m®.
Average concentrations during the winter months have decreased, and under similar
meteorological conditions, peak 24-hour concentrations during episodes are now

40 percent lower than they were ten years ago. :

What are the attainment plan precursors?

Ambient PM2.5is comprised of many different constituents and as a result there are
muiltiple precursor pollutants that lead.to PM2.5 formation (directly emitted PM2.5, NOx,
sulfur oxides (SOx), volatile organic compounds (VOCs), and ammonia). The .

U.S. Environmental Protection Agency’s (U.S. EPA) PM2.5 implementation rule .
specifies that a precursor is considered “significant” for control strategy development
purposes when a significant reduction in the emissions of that precursor pollutant leads
to a significant decrease in PM2.5 concentrations. Such pollutants are knownas

E-2
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“PM2.5 attainment plan precursors” (72 FR 20586). The PM2.5 implementation rule
also establishes a presumption that PM2.5, NOx, and SOx are attainment plan
precursors, while VOCs and ammonia are not. For the annual PM2.5 plan, PM2.5,
NOx, and SOx were identified and approved as the only attainment plan precursors by
U.S. EPA. :

Given the large contribution of ammonium nitrate on 24-hour PM2.5 exceedance days,
a number of different studies and analyses were evaluated to understand the role of
VOCs and ammonia in ammonium nitrate formation in the San Joaquin Valley and to
determine whether they should be considered attainment plan precursors for the 2012
24-hour PM2.5 Plan. The amount of ammonium nitrate produced depends upon the
relative atmospheric abundance of its precursors. It is therefore important to

understand which precursor controls are most effective in reducing ammonium nitrate
concentrations. In simple terms, the precursor in shortest supply will limit how much

ammonium nitrate is produced. This is known as the limiting precursor and controls of
this precursor will have the most significant benefits in reducing PM2.5 concentrations.

The precursor assessment for the 24-hour PM2.5 plan included evaluation of emissions
inventories, monitoring studies, and photochemical modeling analyses of ammonium
nitrate sensitivity to precursor emission reductions. While emissions inventory and -
monitoring data can indicate the relative abundance of the different precursors,
photochemical models provide a quantitative approach to simulate the effects that
emission reductions in each of gaseous precursors would have on the predicted
ammonium nitrate concentrations. ' :

Evaluation of both eémissions inventory and monitoring data concluded that the
ammonia-rich conditions throughout the Valley demonstrate that NOXx rather than
ammonia is the limiting precursor during wintertime PM2.5 episodes. In addition,
photochemical modeling studies found that while large reductions in NOx led to
commensurate reductions in ammonium nitrate, comparable reductions in ammonia- - -
were much less effective. Precursor sensitivity modeling conducted for the 2012 PM2.5

Plan showed that on a per ton basis, reductions in NOx are approximately nine times

more effective than reductions in ammonia. Finally, evaluation of ambient air quality
trends show that reductions in NOx emissions, gaseous NOx concentrations, and
particulate nitrate all track each other well.

Evaluation of monitoring studies also provided some evidence that VOCs could be
important at times, however these studies were not conclusive. Therefore
photochemical modeling studies are more appropriate to assess the overall impact of
VOC controls. These modeling studies found that at current NOXx levels, further VOC
emission reductions produce essentially no benefit, and in some instances may actually
lead to an increase in ammonium nitrate concentrations. Findings from these prior
studies were supported by precursor sensitivity modeling conducted for the 2012 PM2.5
SIP, which indicated a very small disbenefit from reductions in VOCs.

E-3



As noted previously, U.S. EPA’s PM2.5 implementation rule directs ‘SIPplanning efforts
and regulation to those pollutants generally known to significantly contribute to PM2.5
concentrations. Based on the weight of évidence presented from historical studies,
coupled with the modeled precursor sénsitivity analyses conducted as part of the 2012
PM2.5 Plan, VOCs and ammoania aré not considered significant precursors for 24-hour
PM2.5. Therefore the 2012 24-hour PM2.5 plan attainment precursors are directly
emitted PM2.5, NOx, and SOx. ' '

When will the Valley attain the 24-hour PM2.5 standard? -
Consistent with U.S. EPA guidelines, air guality modeling was done to predict future
PM2.5 concentrations at each monitoring site in the San Joagquin Valley. This modeling
shows attainment of the 24-hour PM2.5 standard by 2019 in all counties except Kings
and Kern, based on implementation of the ongoing control program. In thesé colinties,
additional focused emission reductions aré needed to provide for attainment. The -

‘modeling analysis includes new emission reductions each year between now and 2019
from implementation of a combination of adopted ARB and District programs. As a-
result, most sites in the northem and central Valley are expected to attain prior to 2019,
ARB staff then modeled a scenario with an enhanced wood burning curtailment
program Valley wide, which would be designed to prevent wood burning on days that
may lead up to a PM2.5 exceedance. The predicted design values for each site fiom’
this modeling scenario are shown in Table E-1.

Table E-1.

2019 Modeled 24-hour PM2.5 Design Values with-Enhanced Residential Wood
Burning Curtailment Program. o -‘

| Monitoring'Site T . Design'Valij
Bakersfield - California 35.7
Bakersfield - Planz 32.9
Corcoran - Patterson 32.1
Visalia - N. Church 294
Fresno - Hamilton 28.6
Fresno - First 30.5
Clovis : 28.6
Merced 22.6
Modesto 24.7
Stockton 21.4

White adoption of a more stringent wood burning curtailment program brings the
Bakersfield-California site very near attainment, further reductions are still needed and
will be provided through a measure to achieve additional emission reductions from
-commercial cooking operations. Design values at all other sites are well below
attainment levels. ' ' ' '
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What is the attainment contro| strateqy?

In order to determine the emission reductions needed to bring Bakersfield into
attainment, ARB staff conducted additional modeling sensitivity runs to assess the
relative efficacy of further reductions of different PM2.5 precursors. The current 24-hour
PM2.5 standard modeling demonstrates that on a relative basis the greatest benefits
are achieved from reductions in sources of directly emitted PM2.5, followed by NOX,
based on U.S. EPA’s relative response factor procedures. Kern County specific model
sensitivity runs were aiso conducted to evaluate the benefits of emission reductions
focused on the Bakersfield area. These runs show that directly emitted PM2.5 emission
reductions are approximately 8 times more effective than NOx reductions.

The implementation of new reductions from California’s on-going emission control
programs will provide the majority of the emission reductions needed to attain the
24-hour PM2.5 standard throughout the San Joaquin Valley in 2019. The PM2.5 design
value at the Bakersfield-California site must decrease by approximately 45 percent-to -
demonstrate attainment. Between 2007, the base. year used in the photochemical
modeling attainment demonstration and 2019, implementation of these control '
programs will reduce NOx emissions by 55 percent. The weight of evidence analysis
has demonstrated that prior reductions in NOx have resulted in commensurate
reductions in ambient concentrations of nitrate. This is consistent with modeled

predictions that demonstrate a nearly 50 percent reduction in ammonium nitrate -

concentrations.

In addition, while directly emitted PM2.5 emissions in aggregate are decreasing by
nearly 30 percent, a major focus of the attainment control strategy is further curtailment ‘
of residential wood burning, along with implementation of a measure to reduce
emissions from commercial cooking. District analysis has demonstrated the significant
benefits of past implementation of wood burning curtailment. - Further, examination of

emission sources surrounding the Bakersfield-California monitor, and amodeling . ... ...

sensitivity run support the beriefits of reducing emissions from cooking operations. The
final attainment demonstration for the Bakersfield-California design site is provided in
Table E-2. - :

E-S -



Table E-2.

Attainment_'lDemonstration for the -Ba‘kers?fie‘ld-CaIifornia Design Value Site.

65.6 4
Note: The benchmark for attainment is a design value that is equal to
or less than 35.4 yg/m°, -

Consideration ‘of thé eritirety of information presented in the weight of evidence provides
a consistent assessment that supports the modeled attainment date of 2019.. The
substantial continuing reductions that will result from implementation of the ongoing -
contrel program, coupled with new measures addressing residential wood burning and -
cooking, are consistent with the results predicted in the modeled attainment R
demonstration. - o e
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1. INTRODUCTION

The 2012 PM2.5 Plan demonstrates that the San Joaquin Valley will attain the PM2.5
24-hour standard as expeditiously as practicable due to adopted and proposed control
measures. As part of the attainment demonstration, the 2012 PM2.5 Plan specifically
identifies the: 1) most expeditious date for when the San Joaquin Valley (SJV or Valley)
will attain the standard, 2) attainment plan precursors, 3) amount of emissions needed
to attain, and 4) sources to control.

. Following U.S. Environmental Protection Agency (U.S. EPA) guidance and procedures,
" the attainment demonstration was conducted through a modeled attainment test.

Photochemical modeling was used to identify the most expeditious attainment date, the
relative benefits of controliing different PM2.5 precursor pollutants, and the magnitude
of emission reductions needed from each pollutant. The Weight of Evidence (WOE)
analysis provides a set of complementary analyses that supplement the required

‘modeling.

A WOE approach looks at the entirety of the information at hand to provide a more
informed basis for the attainment strategy. Because all ‘methods have strengths and
weaknesses, examining an air quality-problem in a variety of ways offsets the limitations
and uncertainty that are inherent in air quality modeling. This approach also provides a
better understanding of the overall problem and the level and mix of emissions controls

~ needed for attainment.

The U.S. EPA recognizes the importance of a comprehensive assessment of air quality
data and modeling and encourages this type of broad assessment for all attainment
demonstrations. In their modeling guidance, they further note that the results of
supplementary analyses may be used in a WOE determination to show that attainment
is likely despite modeled results which may be inconclusive (U.S. EPA 2007). Following
the U.S. EPA guidance, future year modeled 24-hour design values that fall between - -
32 and 37 ug/m’ need to be accompanied by a WOE demonstration to determine
whether attainment will occur. This range in modeled design values reflects the
uncertainty in predicting absolute PM2.5 concentrations that is inherent in air quality
modeling, and therefore recognizes that an improved assessment of attainment can be
derived from examining a broader set of analyses.

U.S. EPA recommends that three basic types of analyses be included to supplemeht
the primary modeling analysis in the WOE approach: 1) analyses of trends in ambient
air quality and emissions, 2) observational models and diagnostic analyses, and

- 3) additional modeling evaluations. The scope of the WOE analysis is different for each

nonattainment area. The level of detail appropriate for each area depends upon the
complexity-of the air quality problem, how far into the future the attainment deadline is,"
and the amount of data and modeling available. For example, less analysis is needed
for an area that is projecting attainment near-term and by a wide margin, and for which
recent air quality trends have demonstrated significant progress, than for areas with
more severe air quality challenges



The following sections present the WOE assessment that supports the attainment
demonstration the 24-hour PM2.5 standard in the San Joaquin Valley:
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2. PM2.5 STANDARDS AND HEALTH EFFECTS

PM2.5 is a complex mixture of particles and liquid droplets that vary in size and
chemical composition. As a subset of PM10, particles with diameters up to

10 micrometers, PM2.5 comprises particles with diameters up to 2.5 micrometers
(Figure 1). PM2.5 contains a diverse set of substances including elements such as
carbon and metals, compounds such as nitrates, sulfates, and organic materials, and
complex mixtures such as diesel exhaust and soil or dust. Some of the particles are

~ directly emitted into the atmosphere. Others, referred to as secondary particles, result

when gases are transformed into particles through physical and chemical processes in
the atmosphere. :

Figure 1. PM2.5 parﬁcle diameter compared to the thickness of a single strand of hair.

Hair cross saction (70 pm)

I-hmaanl' {70 pm diameter) “m

Numerous health effects studies have linked exposure fo PM2.5 to increased severity of

~ asthma attacks, development of chronic bronchitis, decreased lung function in children, -
_increased respiratory and cardiovascular hospitalizations, and even premature deathin . .~ .. ...

people with existing cardiac or respiratory disease. In addition, California has identified
particulate exhaust from diesel engines as a toxic air contaminant — suspected to cause
cancer, other serious illnesses, and premature death. Those most sensitive to PM2.5
pollution include people with existing respiratory and cardiac problems, children, and
older aduits. '

Ambient air quality standards establish the ievels above which PM2.5 may cause
adverse health effects. In 1997, U.S. EPA adopted the first set of PM2.5 air quality
standards, an annual standard of 15 pg/m® and a 24-hour standard of 65 pgim®. To
address the 1997 PM2.5 standards, the San Joaquin Valley Air Pollution Control District
(SJVAPCD or District) adopted the 2008 PM2.5 Plan. At the time of plan development,
the San Joaquin Valley already attained the 24-hour standard, thus the 2008 PM2.5 ..
Plan focused on the annual PM2.5 standard. U.S. EPA approved this Plan in 2011

(76 FR 41338; 76 FR 69896). ' In 2006, U.S. EPA tightened the 24-hour standard to

35 pg/m>. Attainment of this standard is the focus of the SJV 2012 PM2.5 Plan.



a. Es_téblished nionitoring'ne_twork |

An extensive network of PM2.5 monitors throughout the SJV provides data to-assess
compliance with ambient air quality standards and to study the nature of ambiient
PM2:5" ‘Currently, the network comprises 21 monitoring sites. ‘Many sites include
multiple monitoring ‘instriments' running'in paraliel. Seven sites operate Federal
Reference Monitors (FRMs), which provide reguilatory data that are usedto assess
compliance with the federal PM2.5 standards. An additional 20 monitors provide hourly
PM2.5 measurements. Eleven of these continuols monitors are Federa) Equivalent
‘Monitors (FEM), which can also be used to assess compliance withthe standards. The
FRM and FEM monitoring sites are shown in Figure 2. The locations of thesg Hionitors
are designed to capture population exposure: In addition, data collected at these
monitors ‘serve to report air quality conditions to the public, and support forecasting for
the Disfrict's agricultural and residential burning curtdilment programs.- Finally; four -+
sites have chemical speciation monitors. The speciation monitors collect samples that

. are f(x-rthq‘r analyzed in the laboratory to determine thie chemical-make-up of PM2.5.

Figure 2. San Joaquin Valley PM2.5 monitoring network (FRMs and FEMs,
October 2012). - ' | _ -

b. Extgnsive.field studies
The San Joaquin*Valiey is one of the most studied areas in the world with an extensive
number of publications in peer-reviewed international scientific/technical journals and
other major reports. Since 1970, close to 20 major field studies have'been conducted in
the Valley and surrounding areas that have elucidated Various aspects of the nature and
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causes of ozone and particulate matter. A comprehensive listing of publications
(reports and peer-reviewed journal articles) is provided in Appendix 1.

The first major study specifically focused on particulate matter was the Integrated
Monitoring Study in 1995 (IMS-85), which was the pilot study for the subsequent
California Regional Particulates Air Quality Study (CRPAQS) in 2000 (Solomon and
Magliano, 1998). IMS-95 formed the technical basis for the SJV 2003 PM10 Plan that

‘was approved by the U.S. EPA in 2004 (71 FR 63642), and the Valley was

subsequently re-designated as attainment in 2008 (73 FR 66759). CRPAQS was a key
component of the technical foundation for the SJV 2008 PM2.5 Plan that U.S. EPA
approved in 2011 (76 FR 41338; 76 FR 69896). Although conducted more than ten
years ago, CRPAQS findings remain relevant to the development of the current 24-hour
PM2.5Plan. -

CRPAQS was a publiclpriVafe partnership designed to advanée the'understandingv of
the nature of PM2.5 in the Valley and guide development of effective control strategies.

The study included monitoring at over 100 sites (Figure 3) as well as data analysis and -~

modeling, results of which have been published in over 60.papers and presented at
national and international conferences. The field campaign was carried out between
December 1999 and February 2001. CRPAQS improved our understanding:of the
spatial and temporal distribution of PM2.5 in the Valley, its chemical composition, .
transport and transformation processes, and contributing sources. More details on
CRPAQS can be found at the following link: httg:llwww.arb.ca.govlairwayslccags.htm.

Figure 3. CRPAQS monitoring program.

Findings from CRPAQS and other studies have been integrated into the conceptual
model of PM2.5 in the San Joaguin Valley. The conceptual model provides the
scientific foundation for the WOE analysis supporting the 24-hour PM2.5 standard
attainment demonstration. Specific findings are integrated into the various WOE
analysis sections of this document. '



Further field studies relevant to'PM2:5 include the California ‘portion tf the Arctic’
Research of the Composition of the Troposphere (ARCTAS-CARB) which took place in
2008 (Jacob, et al., 2010) and Research at the Nexus of Air Quality and Climate
(CalNex2010) conducted in 2010 (www.esrl.noaa.gov/csd/calnex/). The monitoring
operations for both studies occurred during the early to mid-summer and extended over
Southern California and the Central Valley. Some study findings have been published
(e.g., Kaduwela and Cai, 2009, Cai and Kaduwela, 2011, Kelly et al., 2011), but data
analysis is still in progress. ' _ ' '
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4. NATURE AND EXTENT OF THE PM2.5 PROBLEM
a. Current air quality

The geography of the San Joagquin Valley, along with large-scale regional and local
weather patterns, influence the accumulation, formation and, dispersion of air pollutants.
Covering nearly 25,000 square miles, the Valley is a lowland area bordered by the
Sierra Nevada Mountains to the east, the Pacific Coast range to the west, and the
Tehachapi Mountains to the south. The mountains act as air flow barriers, with the
resulting stagnant conditions favoring the accumulation of poliutants. To the north, the
Valley borders the Sacramento Valley and Delta lowland, which allows for some level of
pollutant dispersion. As a result of geography and meteorology, PM2.5 concentrations
are generally higher in the southern and central portions of the Valley.

To determine attainment for the 24-hour standard, the design value at each monitoring

site must be calculated following strict U.S.EPA protocols. The design value represents
a three-year average of the 98" percentile of the measured PM2.5 concentrations.
Depending on a site’s 24-hour PM2.5 data collection schedule, the 98™ percentile
usually corresponds to a value between the 2M and the 8" highest value. If the design
value is equal to or below 35.4 pg/m?®, the site attains the standard. Figure 4 shows the
2011 24-hour PM2.5 design values throughout the San Joaquin Valley. All sites
currently record design values above the standard, although design values are
generally lower in the northern and central Valley. Urban sites in the Fresno and
Bakersfield areas register the higher design values.

Figure 4. 2011 24-hour design values
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b. Seasonal vari_abi_lity

PM2.5 concentrations in the San Joaquin Valley exhibit a strong seasonal pattern, with
highest concentrations occurring from November through February (Figure 5). During
the winter, PM2.5 builds up over several days or weeks. These PM2.5 episodes are
caused by increased activity in some emission sources and by meteorological



conditions-thiat aré conducive to'the: "buiild-up and‘formation of PM25" ‘Dirifig the winter,
high-pressure weather systems over California can cause the atmosphere to become
stagnant for extended periods leading to temperature inversions. -Under normal
conditions, temperature decreases with altitude, allowing free wpward -air flow-and
dispersing emissions and pollutants. In contrast, a témperature inversion positions a
layer of warmer air above cooler air, impeding upward flow of emissions and air :
pollutants. Often the inversion layer is lower than the mountalns surrounding the Valley,
trapping emissions and pollutants.

Figure 5. Seasonal variation in PM2.5 concentrations at Bakersfield-California.
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c. Diurnal variability

Dunng the wmter PM2. 5 levels in the San Joaquin, Valley also vary sugnlflcantly across '

the 24- hour penod For example, in urban Fresno, the hlghest PM2.5 concentratlons
ocecur dunng the mght (Figure 6). Peak evening concentratlons generally reﬂect the
influence of | g inversion heights which trap pollutants close’ to the surface, as well
as lncrease activity from evening commute traffic and residential wood combustion.
The smallef peak of PM2.5 concentrations, observed durlng mld-day is due in part to
traffic activity, Eut mostly reflects secondary pollutant formation and PM2.5 formed
above the inversion layer from previous day's emissions that mix back to the surface
during the day.
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Figure 6. Variation in hourly PM2.5 concentrations during the winter at Fresno-1%.
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d. Chemical compositioh

'Examination of the chemical make-up of PM2.5 on days exceeding the dally standard

provides another important element in understanding the nature of PM2.5 in the Valley
and contributing sources. The pie charts in Figure 7 show the current chemical
components that contribute to PM2.5 on days that exceed the standard at urban sites in
the southern (Bakersfield), central (Fresno), and northern‘(Modesto) regions of the
Valley. These sites currently record the highest PM2.5 concentrations in their
corresponding regions. While the relative percentages vary, in all cases the major
components are ammonium nitrate and organic material (organic carbon).

- Ammonium nitrate is the largest contributor to PM2.5, especially in the southern region.

At Bakersfield, ammonium nitrate constitutes about 65 percent of PM2.5, while at
Eresno and Modesto it constitutes about 55 percent. Ammonium nitrate is formed in the
atmosphere from chemical reactions of NOx and ammonia. Sources emitting NOx
include motor vehicles and stationary combustion sources. The largest sources of
ammonia are livestock operations, fertilizer application, and mobile. The stagnant, cold,
and damp conditions that occur during the winter promote the formation and
accumulation of ammonium nitrate. Additional information on ammonium nitrate
formation can be found in section 5. ' ‘ '

The organic matter component of PM2.5 is largest in the centrai and northern portions
of the Valley. Organic matter constitutes about 30 percent of PM2.5 at Modestc and
Fresno compared to less than 20 percent at Bakersfield. Activities such as residential
wood combustion, cooking, biomass burning, and direct tailpipe emissions from mobile
sources contribute to the PM2.5 organic matter component.

Ammonium sulfate and elemental carbon each contribute about five percent at the three
sites. Ammonium sulfate is also formed in the atmosphere from SOx emitted from



combustion sources. Elementat carbon resultsfrom rmobile Ghd staftonary combustion
sources, with significant contributions from diesel sources.

Geological material contributes to a lesser extent, about five percent at Bakersfield and
about two percent at Modesto and Fresno. Geological material comes from dust
suspended into the air by-vehicle fravel on roads, soil from agricultural activities, and
other dust producing activities such as construction. ' - '

Figure 7. 2009-2011 average peak day PM2.5 chemical corﬁposition at a) Bakersfield,
b)-Fresno, and c) Modesto. - ’ .
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e. Spatial distribution of the major PM2.5 components; local versus
regional '

As noted previously, high PM2.5 concentrations in the Valley occur almost exclusively
during multiday pollution episodes under stagnant winter weather conditions. ‘The
duration and strength of an episode depends on atmospheric stability, but episodes can
last several weeks. Once the weather conditions conducive to an episode set in, PM2.5
concentrations increase due to the accumulation of primary poliutants and formation of
secondary poliutants. :

Each episode has a regional as well as local component (Turkiewicz et al., 2008). High
concentrations of nitrate can-occur over large regions, including both urban and rural
areas (Figure 8). As shown in Figure 9, ammonia is mostly concentrated in rural areas,
particularly between Fresno and Bakersfield. On the other hand, high concentrations of
organic carbon are more localized around urban sites, especially Fresno, with lower
concentrations at rural sites (Figure 10). "

‘back to the

The differenceg between the regional and local componéggefga s fraced

emission so y t formation and transpo! g xach chemical
component ' of ammonium nitrate: 3)-are '
transported ni ly than directly emitted organic mat fiicles (Ying

and Kleeman, 20 Ithotigh;some of the emitted NOx forms amimonium nitrate in .
urban areas, it is also transpofted to downwind regions where it reacts with ammonia to
form particulate ammofiium nitrate in the rural areas. Whiletransport.does occur, the
distances are still relatively limited, with transport distances of 5010 60 kilometers in the
central and southern Valley. Ying et.al. (2009) found for example that most of the
PM2.5 nitrate in Bakersfield is produced from sources within the southern Valley.

In contrast, carbonaceous aerosols are emitted into the atmosphere as particles and
have a shorter lifetime due to higher deposition rates. Under stagnant conditions they

" can only be transported a short distance and therefore, have the greatest impact locally.

Transport distances for carbonaceous aerosols during CRPAQS were only 20 to 40
kilometers. Due to this localized organic carbon increment, which adds to the more
regional ammonium nitrate concentrations, the highest PM2.5 concentrations occur at
urban sites. B . '

11



Figure 8. Spatialraisltribution of winter ammonium hiirate concentrations measured during
CRPAQS (Chow et al., 2005). .
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Figure 9. ',Spatiél distribution of annual -arﬁmonia (NH3) concentrations (2/1/2000-
1/31/2001) during CRPAQS (Chow et al., 2005). :
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Figure 10. Spatial distribution of winter organic carbon concentration
measured during CRPAQS (Chow et al., 2003). :

f. Episode development

The development of PM2.5 episodes in the Valley is strongly controlied by -
meteorological conditions. The rate of concentration buildup depends on the intensity of
atmospheric stability, with concentrations building up faster at urban sites than at rural
sites (Turkiewicz et al., 2006). Figure 11 illustrates the differences in the PM2.5 buildup
rate between an urban (Fresno) and a rural (Selma) site in the Fresno area during
CRPAQS. Although urban sites reach the highest overall concentrations, at the end of
an episode rural sites may reach equivalent levels. However, because of the lag in the
overall buildup rate, rural sites have fewer days above the standard and lower

episode-average concentrations.

Figure 11. Atmospheric stability and buildup of PM2.5 cronc_en_trétibrr'ig‘_ at an urban site )
(Fresno) and a rural site (Selma) in the Fresno area during the December"ZOOO' T T

"‘CRPAQS episode.

[ Fresno PM2.5 s Selma PM2.5 —>— Stability]
160 - 20
140 1 ¥
z 120 1 °%
=
*g 100 + + 10°E
= 80 n
g 601 -5 B
= 40 - e
w , +0 >
g 20 - =
Q
o 0 | , 58
12/19/00 12/22/00 12/25/00 12/28/00 12/31/00 1/3/01  1/6/01 o
Episode Day
L
13



The rate of buildup and the differences between urbai and riial sites 'éan'be explained
by the differential contributions of ammonium nitrate and organic carbon. Throughout
the duration of an episode, ammonium nitrate concentrations tendto build to a plateau
that is maintained until a weather front breaks the stagnation, causing the levels to
decrease. Figure 12 illustrates the buildup of ammonium nitrate concentrations
measured during the 2000/2001 PM2.5 episode in Bakersfield. This ammonium nitrate
buildup generally begins ih urban areas, followed by a buildup in rural areas as urban
NOx is mixed downwind and reacts with rural ammonia. In contrast, organic carbon is
largest in urban areas, and tends to be more stable across an episode, although
individual peaks can occur during periods of enhanced wood burning such as weekends
and holidays. The combination of early ammonium nitrate buildup along with the urban
organic carbon increment results in the highest concentrations being observed in urban
areas. The abrupt decrease in concentrations on January 8" was due to the passage of
a cold front effectively ending the PM2.5 episode. ‘

Figure 12. Ammonium nitrate concentrations at Bakersfield during the 200&‘2061
CRPAQS episode. N
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5. SECONDARY AMMONIUM NITRATE FORMATION
a. Chemistry

As discussed previously, the cooler temperatures and higher humidity of the winter
months are conducive to ammonium nitrate formation through a complex process
involving NOx, ammonia, and VOCs. This oceurs both at the surface and aloft, via both
daytime and nighttime chemistry. Understanding the interactions amongst these
precursors is needed to design an appropriate and effective approach to reduce
ammonium nitrate.

Durihg the day, NO is oxidized to nitric acid (HNOj3). This daytime pathway also
involves sunlight, VOCs, and background ozone:

o OH Main oxidant is OH

'NO ——> NO, ——3 HNO;  Requires high sunlight, VOC rich environment

During the night, nitric acid is formed through oxidation of NO2 (via N2Os) by
background ozone: : '

Os 0, ' H,0 ' Main Oxidant is Ozone (Os)

NO ——> NO,—> Nog-j\» N,Os—> 2 HNO; Favors jow sunfight infensity,
' : wet conditions

The nitric abid formedfrom these reactions then combines with ammonia (NHs) to form
ammonium nitrate (NHsNO3):- ' :

" HNO; + NH; €—> NH/NO3

Since the chemistry of NOx to nitric acid formation involves multiple steps and also
depends on the availability of oxidants, only a portion of the NOx emitted ultimately
forms ammonium nitrate. An early photochemical modeling study applying a box model
to a typical winter episode in the San Joaquin Valley found that approximately

33 percent of the molecules of emitted NOXx were converted to ammonium nitrate
(Stockwell et. al. 2000). A subsequent study that modeled the January 4-6, 1996
episode in the San Joaquin Valley with the University California Davis/California
Institute of Technology (UCD-CIT) photochemical transport model found that on
average, only 13 to 18 percent of the emitted NOx (expressed as NO3) was converted

~ to ammonium nitrate (Kleeman et. al. 2005). The fraction of NOx converted varied by

jocation, with urban regions converting little NOx to ammonium nitrate, while in remote
areas up to 70 percent NOx was converted.

As previously described, NOx emissions mostly originate from urban traffic and
transportation corridors, while ammonia is primarily generated from livestock operations,

15



fertilizer application, and mobile sources. Analysis of CRPAQS measiirements stggést
that, on average, daytime production of nitric acid in the San Joaquin Valley is relatively
slow, and that nighttime production is the more dominant pathway (Lurmann et al.
2006). Although daytime mixing is limited, NOx and ammonia emitted during the day
can be mixed upward where nighttime interactions can occur more regionally to form
ammonium nitrate. Based on analyses conducted to characterize the atmospheric
transport and dispersion processes during the winter CRPAQS episodes, MacDonald
et al. (2006) found that the ammonium nitrate that is formed aloft during the night is
subsequently entrained into the daytime boundary layer. This was observed threugh a
rapid rise in hourly ammonium nitrate concentrations which coincided with the growth of

the surface mixed layer (Watson and Chow 2002). These mechanisms help explain the

more regional distribution of ammonium nitrate that is observed throughout the Valley.

b. Limiting precursor concept

The amount of ammonium nitrate produced will depend on the relative atmospheric.

abundance of its precursors — VOCs, NOx, and ammonia (NH;). It is therefore
important to understand which precursor controls are most effective in reducing
ammonium nitrate concentrations. In simple terms, the precursor in shortest supply will
limit how much ammonium nitrate is produced. This is known as the “limiting”
precursor. The following figures provide an illustration of this concept. .As shown in
Figure 13, each molecule of ammonia pairs with-one NOx molecule to produce one
molecule of ammonium nitrate. In this example, there are more ammonia molecules
than NOx, and therefore not all of the ammonia participates in forming ammonium

nitrate, i.e. there is “excess” ammonia. Figure 14 illustrates the impact of reducing NOx.

Here, a reduction in NOx, the less abundant precursor, leads to a commensurate

reduction in ammonium nitrate. In contrast, Figure 15 illustrates that a larger reduction .

in the more abundant precursor, ammonia, results in no reduction in ammonium nitrate,
as the ammonia reduced did not participate in ammonium nitrate production.

 Figure 13. Ammonium nitrate formation.
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Figure 14. Reducing the less abundant precursor is more effective in reducing
ammonium nitrate. '

Figure 15. Reducing the more abundant precursor is less effective in reducing
ammonium nitrate. ' : .

The following sections describe the current state of the science regarding the role of
ammonia, VOCs, and NOx in ammenium nitrate formation and identify the most
effective precursors for control.

c. Role of ammonia in ammonium nitrate formation

A number of different studies and analyses were evaluated to understand the role of
ammonia in ammonium nitrate formation in the San Joaquin Valley. These included:
a) comparison of the magnitude of the NOx and ammonia emissions inventories,

b) ambient measurements of ammonia, nitric acid, and particulate ammonium; and
¢) photochemical modeling analyses of ammonium nitrate sensitivity to precursor
emission reductions. While evaluation of emissions inventory and ambient data can
provide indications of the relative abundance of different precursors, photochemical
models provide a tool to quantitatively evaluate the impact of reducing precursor
emissions on resulting ammonium nitrate concentrations. '
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As discussed in the limiting precursor séction, the precursor in shortest supply limits the
amount of ammonium nitrate formation. An evaluation of the magnitude of NOx and

ammonia emissions provides a first level assessment of the relative abundance of these

two precursors. Table 1 lists NOx and ammonia winter emissions in the current
inventory for three years (2000, 2011, and 2019). As Figure 13 in the limiting precursor
section illustrated, in simple terms it takes one molecule of NOx and one molecule of
ammonia to form one molecule of ammonium nitrate. However, due to differing
molecular weights, one ton of NOx contains fewer molecules than one ton of ammonia.
Therefore it is most appropriate to make an emissions inventory comparison after
normalizing for molecular weight. ' .

Due to emission source test procedures, most NOx emissions are expressed in terms of
nitrogen dioxide (NO,). Since one NO, molecule weighs 46 universal atomic units {u)
~and one NH; molecule weighs 17 u, one ton of NH3 has 2.7 times (46 U117 u) the

" number of molecules as one ton of NO,. Dividing the NOx emissions by 2.7 therefore

provides a common basis for comparison to the ammonia emissions. On this ‘
normalized comparison basis, ammonia is significantly more abundant than NOx,
particularly in future years (Table 1). In addition, as noted in the chemistry section, only
a portion on the NOx is ultimately converted to ammonium nitrate. o

Table 1. Comparison of NOx and ammonia emissions in selected years.

“Year | “Winter NH, Winter NOx Normalized N(
| emissions {tpd) | emissionstpd) | emissions (tpd)
3000 330 T 50 204
2011 | 386 - ~ 330 122
2019 360 209 - 77

Monifon'ng studies

Ambient measurements of precursor concentrations provide another method to
investigate the relative abundance of each precursor and therefore which is most
effective for control of ammonium nitrate. Blanchard, et al. (2000) examined two
metrics using ambient data collected during the IMS-95 field program in the San
Joaquin Valley. The first parameter was the excess of particulate ammonium plus gas-
phase ammonia over the sum of nitric acid, particulate nitrate, and particulate sulfate.
The second was the ratio of particulate to total nitrate concentrations. Both metrics
indicated an excess of ammonia in most IMS-95 samples and concluded that greater
reductions in aerosol nitrate would occur when nitric acid was reduced rather than
ammonia. ’
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Lurmann, et al. (2006) aiso compared ammonia and nitric acid ambient concentrations
measured in the San Joaquin Valley during the winter of 2000/2001 as part of

~ CRPAQS. Figures 16 and 17 show the concentrations of nitric acid and ammonia

measured at the rural Angiola site and at the urban Fresno site. At both sites ammonia
concentrations are generally at least an order of magnitude higher than the nitric acid
concentrations. These ammonia-rich conditions throughout the Valley indicate that,

- during the winter, nitric acid rather than ammonia is the limiting precursor.

Figure 16. Comparisoh of ammonia and hitric acid concentrations measured at Angiola
during the winter of 2000/2001 as part of CRPAQS.
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Figure 17. Coniparison df‘a"i’*ﬁmoﬁ‘fia“*ahd‘nifri”cfé’ﬁid*ébﬁc‘éhf"ratidhs'rheaéared at Fresno
during the winter of 2000/2001 as part of CRPAQS. - :

Comparison of Ammonia and Nitric Acid Concentrations
. Fresno - Winter 2000/2001

NH3 Goncentration (ug-N/m3)

HNO3 Contentration {ug-N/m®)

The amount of gaseous ammonia (NH3) compared to particulate ammaonium (NH4)
provides another indicator of how much of the ammonia is converted to ammonium
nitrate and therefore whether there is excess ammonia available. These measurements
were collected at a larger number of sites dufing CRPAQS. Figure 18 shows the
concentrations of particulate ammonium and gaseous ammonia at three urban sites
. (Fresno-1*, Bakersfield-California, and Bakersfield-residential), and three rural sites
(Angiofa, Pixley, and Feedlot) measured during the 2000/2001 winter CRPAQS
episode. Overall, the levels of particulate ammonium at all sites are comparabile,
consistent with a regional formation mechanism of ammonium nitrate. Although
ammonia concentrations are higher at the rural sites, especially at the Feediot site,
there is still.a large amount of ammonia at each site beyond the amount that reacted
with nitric acid to form ammonium nitrate. Again, these ammonia rich conditions
indicate that nitric acid, rather than ammonia is the limiting precursor.
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Figure 18. Comparison of particulate ammonium and gaseous ammonia
concentrations measured throughout the SJV during the winter of 2000/2001 as part of
CRPAQS. :
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Photochemical Modeling

In contrast te the previous analyses, photochemical models provide a quantitative
approach to simulate the effects that emission reductions in each of the gaseous
precursors would have on the predicted ammonium nitrate concentrations. A number of -

modeling studies have been conducted by ARB staff and academic researchersto .. ..

evaluate precursor sensifivity.-

An investigation of precursor limitations for the January 4-6, 1996 PM2.5 episode
measured in San Joaquin Valley as part of the IMS-95 field study used the UCD-CIT
model. This sensitivity analysis revealed that NOx controls were the most effective
controf strategy to reduce PM2.5 ammonium nitrate concentrations (Kleeman, et al.
2005). In this study, a 50 percent reduction in NOx emissions resulted in a 25 percent
reduction in total nitrate, while a 50 percent reduction in ammonia emissions resutted in
a 10 percent reduction in total nitrate. The results of this analysis are shown graphically
across the entire San Joaquin Valley in -Figure 19.
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Figure 19, Particulate nitrate reductions in response to 50 percent reductions in
precursor emissions on January 6, 1996.
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In 2006, ARB staff modeled air

using U.S. EPA's Community Multiscale Air Quality (
specific modifications and carrections (Liang et al. 2
effects that reducing the emissions of ammonia and

UTM Easting (km)

quality during the three week winter CRPAQS episode

CMAQ) model with California-
006). Figure 20 illustrates the

NOx have on ammonium nitrate

levels. This modeling indicated that reducing ammonia emissions by 50 percent
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In another study based on sensit

‘and between 30-45 percer
--teduction in ammonia emi
‘concentrations at urban sig

reduced ammonium nitrate by less than 5 percent. On the other hand, reducing NOx
emission by 50 percent reduced ammonium nitrate concentrations by approximately
35 percent. This analysis, therefore, indicated that reducing NOx emissions was the
most beneficial control strategy to reduce ammonium nitrate.

Figure 20. Percent ammonium nitrate reduction in response to 50 percent reduction in
NOx or ammonhia emission reductions at Fresno during the winter of 2000/2001.
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“analyses using CMAQ-Madfigisimulations of the
n et al; (2009) found that-a:9l) -percent reduction
‘ v approximately 50 percent at rural sites
yown in Figure 19, a 50 percent

December 2000 CRPAQS episo
in NOx emissions reduced amt

concentrations decreased between 10 and 25 percent. However, such redtctions in
ammonium nitrate oceurred only at tﬁgae,md’of the episods, when PM2.5 concentrations

at the rural site reached:approximately: 0-1g/m° and urbap concentrations peaked at
over 110 pg/m® (Figure:21

of Angiola,”ammonium nitrate

PP
Valley. The authors ni 4

). Such high PM2.5 levels aré#rin longer reached in the
rigked that under wintertime conditions, nitric acid concentrations in
the SJV were small ahd therefore ammonium nitrate formationwas generally limited by
the availability of nitric acid rather than ammonia. -
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Figure 21. Time series with daily observations, “base tase simulation results and”
results from the sensitivity cases of (a) nitrate and (b) PM2.5 at Angiola (left) and
Bakersfield (right). (Source: Pun et al., 2009, excerpt from Figure 2, pg. 406).
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- ﬁ;gkgn fcjgéthei'r,' the ;éfh,irs:sibr‘iii'hvérnibr_'y", momtonngdata and precursor sensitivity
analyses all indicate that in the San Joaquin Valley, NOx, rather than ammonia is the
limiting precursor for ammonium nitrate formation.

d. Role of VOC in ammonium nitrate formation

A number of studies have also been examined regarding the role of VOCs in
ammonium nitrate formation. These include both monitoring studies conducted as part
of CRPAQS, as well as studies that used differing types of air quality modeling to
quantitatively assess the expected change in ammonium nitrate to hypothetical VOC
reductions. ‘ '

Monitoring studies

As previously mentioned, there are two primary pathways through which ammonium

hitrate can form. During the day, NO, is oxidized to nitric acid. Nitric acid then reacts

with ammonia to form ammonium nitrate. This daytime nitric acid formation pathway
“involves sunlight, VOCs, and background ozone.. During the night, nitric acid is formed
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through oxidation of NO, (via N,Os) by background ozone, which then also reacts with.
ammonia to form ammonium nitrate. Studies by Pun et al. (1998, 2004) suggested that
the daytime pathway may be important and therefore the formation of ammonium nitrate
would be sensitive to changes in VOC emissions. However, other studies (Lurmann et
al., 2006), suggest that on average, daytime production of nitric acid in the San Joaquin
Valley is relatively slow and that nighttime production of ammonium nitrate aloft, which
then mixes to the surface after sunrise could explain the observed homogeneous
patterns of ammonium nitrate in the Valley. Ying etal. (2009) also theorized that the
ozone concentration aloft in the San Joaquin Valley is predominantly due to the regional
background and does not vary significantly with surface-level VOC emissions.
Therefore, nighttime ammonium nitrate formation in the San Joaquin Valley would not
be sensitive to VOC reductions. . '

While the monitoring studies cited above provide evidence that the VOC pathway may
be important at times, these studies do not provide quantitative information about the

~ overall role of and cannot be used to evaluate the benefits of, VOC controls. Rather,

modeling studies are more appropriate to assess the overall impact of precursor
controls. o ' | '

Photochemical Modeling

- Staff reviewed the results of six modeling studies containing information on the

significance of VOC controls in reducing ammonium nitrate in the San Joaquin Valley.
While the results of the earliest studies were mixed, later studies provide generally
consistent results regarding the role of VOCs. In assessing the potential benefits of
VOC controls it is important that significance be interpreted in the context of California’s
overall control program with its strong focus on NOx control to achieve benefits for both

. PM2.5 and ozone.

}Two-e'a'rly étleies used simplified box modeling to explore the sensitivity of ammonium -

" nitrate to VOC and NOx reductions. One of the two studies simulated a typical winter

episode (Stockwell et al., 2000) and found that decreases in VOC emissions had little
effect. The second study (Pun and Seigneur, 2001) simulated winter conditions during
the 1996 IMS-95 pilot study around the Fresno area. The study found that ammonium
nitrate formation decreased with VOC emission reductions, but increased with NOX
reductions. Pun and Seigneur (2001) theorized that reducing NOx could lead to higher
concentrations of the hydroxy! radical (OH) and increase the overall rate of nitrate
production, despite the reductions in NOx. However, the box modeling approach used
had a number of limitations, including lack of transport into/out of the box, robust vertical
transport, and use of an older chemical mechanism. In addition, the VOC -emissions
were increased by a factor of two to improve model performance. As such, the box
modeling did not fully represent the complete scope of atmospheric variations and has
limited usefulness in assessing the responsiveness to VOC controls.
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Subsequent modeling sensitivity studies for the same winter episode were conducted
with the UCD-CIT model, an advanced research grade modeling system (Kleeman et
al., 2005). The authors concluded that NOx emission controls are more effective in
reducmg PM2.5 nitrate concentrations in the San Joaquin Valley. Summary study
results indicate that on average, large reductions in VOC emissions (on the order of
50 percent) reduced PM2.5 nitrate concentrations by approximately 17 percent.
However, to evaluate the significance and effectiveness of VOC controls in the context
of control strategy design, the study's isopieths of PM2.5 nitrate response o combined
NOx/VOC emission reductions provide more in-depth information.

Figures 22 (a) and 23 (a) showthat based on the shapes of the graphs, NOx controls
are the most effective approach to reduce PM2.5 nitrate concentrations at Fresno and -
at the location with the highest modeled PM2.5 nitrate concentration (grid location -
85 km Northing, 90 km Easting) respectively. Once NOx controls are taken into

- consideration, VOC emission reductions produce essentially no benefit, and in some - - -~

" instances may actually Iéad to an increase in PM2.5 nitrate concentrations.-For_ -
example, as illustrated in Figure 22 (a) for Fresno, after considering an approximately
70 percent reduction in NOx emissions resulting from existing and proposed controls
reductions in VOC emissions to any level would not decrease PM2.5 nitrate
concentrations. -Furthermore, at grid location -85 km Northing, 90 km Easting

(Figure 23 (a)), any level of VOC emission reductions would actually cause an increase
in nitrate concentrations. Nitrogen-containing molecules such as PAN can act as
temporary.sinks for nitrogen dioxide (NO2). When VOCs are controlled, the reduced

availability of certain radicals, which are generated from VOCs, reduces the amount of |

-NO; that is sequestered, thereby increasing the availability of NO, and enhancmg
ammomum nitrate formation (Meng et al., 1997). :
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Figure 22, 24-hour average NOXx\OC particulate nitrate isopleths at Fresno for (a) all
sources, (b) diesel engines, (c) catalyst equipped gasoline engines, and (d) upwind
sources of nitrate. Units are pg/m?®. (Source: Kleeman et al., 2005, Figure 3 pg. 5333).
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Figure 23. 24-hour averagé’ NOX/VOC particiilate 'fnit“r‘éfé‘iSbﬁle"fﬁS‘é‘fQ id T

location -85 km Northing, 90 km Easting for (a) all sources, (b) diesel engines,

(c) catalyst equipped‘gasoline engines, and (d) upwind sources of nitrate. Units are
g/m®. (Source: ‘Kleeman et 4l 2005, Figure 5 pg. 5335).’ o
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Three additional modeling studies investigated the more recent two-week winter
episode of 2000-2001 that occurred during the CRPAQS field study.

In the first study, preliminary data from modeling of this CRPAQS winter episode =
conducted using the Lagrangian form of the UCD-CIT model qualitatively confirm that
NOx control is the most efficient method to reduce nitrate concentrations (Kleeman,
M.J., personal communication, May 2008). Figure 24 illustrates the response of PM2.5
nitrate concentrations to NOx and VOC. emission reductions at a rural (Angiola) and an
urban (Fresno) site on December 31, 2000. Again, based on their shapes, these.
graphs show that NOx controls are the most effective approach to reduce PM2.5 nitrate
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concentrations. Once NOXx controls are taken into consideration (approximately

70 percent reduction in NOx emissions), reductions.in VOCs of up to 30 percent
produce basically no benefit (Fresno). Furthermore, at some locations (Angiola) any
VOC emission reductions may actually lead to an increase in PM2.5 nitrate
concentrations.

Figure 24. The isopleths plot of PM2.5 nitrate with emission control of NOx and VOC at
Angiola (ANG) and Fresno (FEI) after a five-day back trajectory simulation for
December 31; 2000. Units are in ug/m®. (Source: Kieeman, M.J., personal
communication, May 2008). ' '
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A second study conducted simulations of the two-week CRPAQS episode with the
CMAQ photochemical model (Livingston, et al., 2009). The study consisted of two
simulations. The first was a baseline scenario using a preliminary emissions inventory.
This simulation showed that 50 percent reductions in anthropogenic VOC and NOx
emissions had similar effects in reducing ammonium nitrate (about 20 percent each). A
second simulation was conducted using an updated emission inventory representing a
more accurate spatial distribution of total ammonia emissions (referred to as “Vehicle
NHs" scenario, per Livingston, P., personal communication, January 19, 2011). This
second 50 percent VOC reduction simulation showed a much lower response to VOC
controls. The response was lowered to a 12 percent reduction in ammonium nitrate,

. with a corresponding increase in responsiveness to NOx control of 38 percent reduction

in ammonium nitrate. These results are consistent with those found by Kleeman et al.,
2005. ‘ S -

A third study modeled one week of the CRPAQS episode using a version of CMAQ with

a more advanced chemical mechanism (CMAQ-Madrid) (Pun et al, 2009). In contrast to
the earlier Pun study using a simplified box modeling approach, this Iwater.wq!'kfound.l_ -
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that on average, nitrate was most sensitive to reductions in NOx emissions. While
isopleths were not provided, the time evolution of nitrate and PM2.5 mass to VOC
response illustrated in Figure 25 provides further details regarding the efficacy of VOC
control.” The response of nitrate to a 50 percent reduction in VOC emissions increased
as PM2.5 levels rose during the episode. In urban areas, a 50 percent reduction in

- anthropogenic VOC emissions caused small reductions in nitrate, on the order of

10 percent, on the modeled days when 24-hour PM2.5 concentrations measured over
100 pg/m® at urban sites and abave 65 pg/m® in rural areas.

The difference in the VOC response on the days with the higher PM2.5 concentrations
as compared to those days with lower concentrations may be due to a difference in the
chemical formation regime for nitrate. In general, there is sufficient background ozone
to generate enough free radicals to initiate and propagate the chemistry of nitrate
formation (Ying et. al, 2009). However, on days with high PM2.5 concentrations, the

- daytime photochemistry may have contributed o a rapid increase in nitrate, resultingin
_ higher VOC and NOx sensitivity. It does not appear that VOCs contributed significantly -- - -

to the free radical budget on the simulated days mainly because rapid increases in
0zone were not observed. The effect of VOC levels on nitrate formation may also have
a diurnal pattern since the hydroxyl and hydroperoxyl radical levels are high during the
~daytime and negligible at night. 1n addition, more reactive VOCs react quickly during
the day and there is a minimal camy over to the next day. Therefore, it is reasonable to
assume that the higher response to VOC and NOx at higher PM2.5 concentrations may
be due to the nitrate formation mechanism rather than to PM2.5 accumulation due to

the length of the episode.

Overall, nitrate was only responsive to a 50 percent reduction in VOCs at PM2.5
concentration levels that are no longer reached in the San Joaquin Valley. Currently,
the 24-hour PM2.5 design value in the Valley is 62 pg/m® recorded at Bakersfield and
the rest of the Valley records 24-hour design vailues between 38 pg/m® and 58 pg/m?.
Given the current levels of PM2.5, we believe the Valley is now in a nitrate chemical
formation regime that is less responsive to VOC controls.
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Figure 25. Time series with daily observations, base case simulation results and
results from the sensitivity cases of (a) nitrate and (b) PM2.5 at Angiola (left) and
Bakersfield (right). (Source: Punetal,, 2009, excerpt from Figure 2, pg. 406).
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Taken together, these air quality modeling stu_diés indicate that in the San Joaquin
Valley, NOx, rather than VOCs, is the limiting precursor for nitric acid, and subsequent

ammonium nitrate formation.
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6. SECONDARY ORGANIC AEROSOL FORMATION

VOC emissions also have the potential to contribute to secondary organic aerosols
(SOA). While these components contribute to observed PM2.5 concentrations in the
San Joaquin Valley to a smail degree, the weight of evidence indicates that
anthropogenic VOC is not a significant contributor to PM2.5.

SOA form when intermediate molecular weight VOCs, emitted by anthropogenic and

~ biogenic sources, react and condense in the atmosphere to become aerosols. In -
addition, lighter VOCs participate in the formation of atmospheric oxidants which then
participate in the formation of SOA. The processes of SOA formation are complex and
have not been fully characterized. The apportionment of PM2.5 organic carbon to
primary and secondary components is a very active area of current research.

Usfng the UC.D—CIT .mo.del,'Chen etal (2010) invéstigated the apponjbnmémt of PM2.5
~ organic carbon for the 2000/2001 CRPAQS episode: From the total predicted PM2.5

organic carbon'in the urban Fresno and Bakersfield areas, six percent and four percent =~

were SOA, respectively, while in the rural Angiola area, 37 percent was SOA. The
major SOA precursors of secondary organic aerosol were long-chain alkanes followed
by aromatic compounds. The sources of these precursors were solventuse, catalyst
gasoline engines, wood smoke, non-catalyst gasoline engines, and other anthropogenic
sources, in that order. ' ‘

In contrast, on an annual average basis, secondary organic aerosols derived from
anthropogenic VOC emissions account for only one to two percent of the annuai total
PM2.5 concentrations throughout the Valley. ARB air quality modeling exercises

conducted as part of the SJV 2008 PM2.5 Plan attainment demonstration analysis using

the CMAQ model-showed that primary PM2.5 emissions are the main contributor to
organic aerosols and SOA contribute to only a small extent. Furthermore, as illustrated
in Figure 26, SOA are mostly formed during the summertime, when total. PM2.5
concentrations are low, and are mainly derived from biogenic emission sources. On an

annual average basis, SOA derived from anthropogenic VOC emissions are a small part

of the organic aerosol concentrations (three to five percent).
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Figure 26. Daily contributions to organic aefosol concentrations in Bakersfield in 2000
modeled with CMAQ: Primary organic aerosols (PA), secondary aerosols formed from

biogenic VOC emissions (SB) and secondary aerosols formed from anthropogenic
source VOC emissions (SA). Units are pg/m®. '
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As part of the CRPAQS study, simulations of a wintertime episode conducted using
CMAQ-Madrid, a model with an enhanced secondary organic aerosot formation -
mechanism, also found that organic aerosol concentrations were dominated by directly
emitted (primary) emissions. The study found that, because of the dominance of
primary PM2.5 organic matter, a-50 percent reduction in anthropogenic VOC emissions

_ has limited effects-on the modeled PM2.5 organic matter (Pun, etal., 20‘09)_,.,;. . ‘

These study results show that for secondary organic aerosals, 'furthér VOC reductions
wouid have very limited effectiveness in reducing PM2.5 concentrations.
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7. EMISSION SOURCES OF WINTERTIME PM2.5
a. Emission inventory

Emission inventories provide emission estimates for sources of directly emitted -
(primary) PM2.5 and of each of the gaseous precursors of secondary PM2.5 (NOx,
SOx, and ammonia). Table 2 lists the main PM2.5 components and links them to their
largest emission sources based on the 2011 San Joaquin Valley emission inventory
data. Emission sources are listed in descending order of magnitude.

As described in section 4d, ammonium nitrate is the main PM2.5 component, ,
contributing about 55 to 65 percent of PM2.5. It is formed in the atmosphere from
reactions of NOx and ammonia.. Heavy-duty diesel vehicles (trucks) emit most of the
-NOx, followed by off-road equipment, light-duty-vehicles, and trains. Ammonia is
primarily emitted from livestock husbandry, fertilizer application, ‘and mobile sources.
Ammonium sulfate, formed in the air from reactions of SOx and ammonia, contributes
about five percent to PM2.5. SOx is mostly emitted from fuel combustion sources in oil
and industrial manufacturing processes. Organic carbon, which contributes about 20 to
30 percent to PM2.5, and elemental carbon, which contributes about five percent of
PM2.5, are directly emitted, with key sources being residential fuel combustion,
managed burning, diesel trucks, and commercial cooking operations. Geological, a
minor component contributing about two to five ‘percent of the PM2.5 mass, is directly _
emitted from activities generating dust, such as farming operations and on-road and off-
road vehicle travel, as well as wind-blown dust. it should be noted that while wind-
blown dust may contribute on some winter days, PM2.5 exceedances primarily occur on
very stagnant days when windblown dust emissions are minimal,

. While emission inventories provide a broad overview of Valley wide and county level
sources, additional methods using ambient data and source apportionment modeling
provide supplemental information on the sources directly impacting individual monitoring
sites. The following sections describe these analyses. '
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Table 2. Main emission sources of PM2.5 components.

PM2.5 Component

Process

Emission Sources

(percent of PM2.5)
Ammonium nitrate

(about 55-65 percent)

Formed in the
atmosphere from the
reactions of NOx and
ammonia emissions

NOx:

Heavy duty diese! vehicles account for
40 percent of the 2011 winter NOx
emissions. '

Farm equipment, off-road equipment, light
and medium duty trucks, trains, light duty -
passenger cars, and residential fuel
combustion account for an additional

| 40 percent.

- Ammonia: o

1 Livestock husbandry, fertilizer application, |- --

and mobile sources account for over
90 percent of the 2011 winter ammonia
emissions. :

Ammonium sulfate

(about 5 percent)

Formed in the
atmosphere from the
reactions of SOx and
ammonia emissions

SOx: S

Fuel combustion in oil production, at electric
utilities, and in manufacturing and industrial
boilers, heaters, and engines, ,
manufacturing of chemicals and glass
related products, residential wood

combustion, and aircraft account for about
75 percerit of the 2011 wiriter SOx

emissions.

Organic Carbon |
(about 20-30 percent)

Directly emittéd-frbhi —

motor vehicles and
combustion processes

Elemental Carbon

(about 5 percent)

Directly emitted from
motor vehicles and -
combustion processes

. Jc-ﬁrll'lbustioﬁr'l‘?‘Mz.S:

Residential fuel combustion, managed -
burning and disposal, diesel trucks,
cooking, oil and gas production, and farm
equipment account for 80 percent of the

combustion PM2.5 emissions.

Geological
(about 2-5 percent)

Directly emitted from-

dust generating sources

Dust PM2.5: , _
Farming operations, fugitive windblown
dust, paved and unpaved road dust, minerai

processes, and construction and demolition

account for 100 percent of the 2011 dust
PM2.5 emissions.
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b. Chemical markers of source types

Selected compounds measured in the atmosphere can serve as chemical markers for
specific sources. Based on this approach, as part of the extensive momtonng effort
during CRPAQS, residential wood combustion was identified as the main source of
PM2.5 organic carbon in the San Joaquin Valley. Measurements of levoglucosan, a
chemical marker for wood smoke were conducted throughout the San Joaquin Valley.
Figure 27 illustrates the geographical distribution of the annual averages of these -
levoglucosan measurements (pink circles on the map). Each circle size is proportional
to the levoglucosan concentration. The largest levoglucosan levels occurred in urban

- areas, most notably the Fresno area (FSF and FSR), as did the largest PM2. 5 organic
carbon levels depicted on the small map to the upper left. The second largest
levoglucosan levels the San Joaquin Valley were measured in Modesto (M14)
sequentlally followed by Bakersf eld (BAC) and then Corcoran (COP)

‘Figure 27. Spatlal distribution of annual Ievoglucosan measured throﬁghout ‘the San
Joaquin Valley dunng CRPAQS (Watson, J . Roth, P., 2006).

Annual OC Distribution
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Additional measurements of levoglucosan collected during the winter of 2003/2004 in
the Fresno area showed wood smoke was a significant percentage of PM2.5 at ali
locations, ranging from 10 to 40 percent (Figure 28).
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Figure 28. Wood smoke contribution to PM2.5 at Fresno-1% during a number of winter
days in 2003 and 2004 (Gorin et al., 2005). '
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¢. Source apportionmeht using éo,urcé receptor ‘models

Source receptor models (also known as observational models) cap beused to

determine the relative importance of the different types of £ h-emission sources at
individual monitoring sites. The Chemical Mass Balance’ ic
relates measured chemical species of ambient PM2.5 to the
by diverse sources. The Positive Matrix Factorization (PMF}):

stical model -

" distinguishes correlation patterns among measured PM2.5 species to identify sources.

Previous studies have applied source apportionment models to INMS-95 and CRPAQS
data. For the present study, both CMB and PMF were applied to recent PM2.5 data-
collected in the San Joaquin Valley.

Prior Source Apportionment Studies

In earlier studies, Schauer and Cass, 2000 estimated source contributions to wintertime
PM2.5 through CMB modeling of data collected during the IMS-85 field study. -Chen et
al., 2007, applied two types of multivariate statistical models, PMF and UNMIX, to
identify sources contributing to wintertime PM2.5 during the CRPAQS field study. In
addition, Chow et al., 2005, applied CMB to the CRPAQS data set. Table 3
summarizes the source contributions to wintertime PM2.5 estimated through these
studies. In all cases, ammonium nitrate is the major source, contributing approximately
50 percent to wintertime PM2.5 throughout the Valley (23-site average); ranging from
40 and 50 percent at urban sites (Fresno and Bakersfield) to around 65 percent at rural
sites (Kern Wildlife Refuge and Angiola). The combined biomass burning and cocking . .

- source, dominated by biomass burning, contributes over 25 percent of PM2.5
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Table 3. Wintertime PM2.5'-source contributions estimates for IMS-95 and CRPAQS.

Source Contnbutlon Estlmates (% of PM2.5 mass)

Study and -
Sites

Sait

Dust

Exhaust -

-Biorni '
Burn

Cook

Amm.
Sulfate

Amimi.-
Nitrate

Sec

Misc

Gas | Dies

Org®

IMS-957

Fresno
avg. of.
12/26-28/1995
and 1/4-6/1996

1.0

25| 96

37.8

64 |

4.8

32.6

49

0.5

Bakersfield
avg. of

12/26-28/1995
and 1/4-6/1996

1.5

34 | 95 |

18.6

5.1

7.5

416

[ 12.1 .

0.7

avg. of
12/26-28/1995

| and 1/4-6/1996 |-

0.9

0.5

0.0

7.9

| 6.8

15.8

3.2

CRPAQS,
UNMIX?

23-site avg.
Nov. 2000-
Jan. 2001

15

24

51

CRPAQS,
PMF?

23-site avg.
Nov. 2000 -
Jan. 2001

10

23

48

1

CRPAQS,
cMmB®

Fresno
10Ps*

0.2

0.3

1.5 | 58

48.9

3.1

40.1

Bakersfield
I0Ps*

0.2

1.2

64 | 45

30.4

3.9

535

Angiola
IOPs*

03

52

74| 19

14.8

4.4

65.9

Sierra Nevada
Foothills
IOPs*

02

1.2

40 | 74

41.8.

4.7

40.6

Schauer and Cass, 2000.
Chen et al., 2007.
Chow et aI , 2005.
*10Ps = Intenswe Operating Periods, 12/15- 18/200, 12/26

1/31/2001- 2/3/2001.

# Secondary organic aerosol estimated from organic carbon not accounted for by primary source profiles.
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valley wide, constituting the second major source at urban sites — with larger
contributions at Fresno than at Bakersfield. In contrast, biomass burning and cooking
are not a major sources at rural sites. Engine exhaust, dominated by diesel, is the third
major source of directly emitted PM2.5, contributing approximately 10 to 15 percent to
PM2.5 valley wide. Since secondary organics are estimated from the organic carbon -
not accounted for by the apportionment of other organic carbon sources, small changes
in the organic carbon content in the chemical composition profiles for other sources may
impact the estimate of the secondary organics contribution.

Recent Source Apportionment Studies

‘Chemical Mass Balance Modeling

Source contributions during high PM2.5 concentration days at Bakersfield-California

 (BAC) and Fresno —1* Street (FSF) were estimated by applying the CMB model version

8.2 to individual PM2.5 samples using PM2.5 source prt files developed during previous
studies. The PM2.5 samples were from days maasuring concentrations greater than
30 pg/m® between 2007 and 2010. Per U.S. EPA guidance, between 2007 and 2009,
the carbon collection and analysis method was changed fo improve comparability with
the rural Interagency Monitoring of Protected Visual Environments (IMPROVE) PM2.5
carbon data. Since the new carbon method started operating in May 2007 at '
Bakersfield and in April 2009 at Fresno, the CMB analysis relied. on 2007-2010 data
from Bakersfield and 2009-2010 data from Fresno. Appendix 2 describes this CMB
analysis in further detail. , .

Figure 29 shows the calculated contributions to ambient PM2.5 from sources included in

" the CMB model. Ammonium nitrate, the most significant source, contributed 67 percent

at Bakersfield and 54 percent at Eresno-1%. Biomass burning, which included " -
residential wood combustion and agricultural, prescribed burning, and likely also

- . cooking, contributed nine percent at Bakersfield and 23 perc_ent’at Fresno. Motor = =~
vehicle exhaust (diesel and gasoline combined) accounted for ten percent at Bakersﬁeld

and 12 percent at Fresno-1. Ammonium sulfate contributed eight percent at
Bakersfield and six percent at F resno-1%. Contributions of the remaining sources wefe
minor at both sites. :
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Figure 29. CMB model calculated 2007-2010 average PM2.5 source contributions of

days with PM2.5 concentrations measuring over 30 pg/m® at a) Bakersfield-California
(BAC) between 2007 and 2010 and b) Fresno-1* Street (FSF) between 2009 and 2010.

a) BAC Average High Day b) FSF Average High Day

(New Carbon) (2007-2010) (New Carbon) (2009-2010)
Organic | Tire and
Carbon The and | Geologic. . Brake Geologic.
Saa  1T% oil Organic 0.5% 0.3%

Refineries Carbon,

Blom_ass " 0.3%
: Biomass
burning
Motor 22-9'%?
Vehicle
9.6%
Sea Sait;
0.5% 7
Ammon .Arpmon.
sulfate nitrate .
7.8% Ammon. o 53.6%
. nitrate Sea Salt ‘
67.4% 0.7% Ammon.
sulfate
6.0%

Positive Matrix Factorization’

The PMF2 model was applied to the chemically speciated PM2.5 data collected at the
Bakersfield-California and Fresno-1% Street monitoring sites. Bakersfield data from

+2008-2010 and Fresno-1* data from 2009-2010 were used. Appendix 3 describes this

PMF analysis in further detail. The avérage source contributions on days with PM2.5
concentrations measuring over 30 pg/m? are illustrated in Figure 30. Similar to the CMB
results, ammonium nitrate contributes the most at both sites, 64 percent at Bakersfield
and 54 percent at Fresno-1s‘. Motor vehicle exhaust contributes 13 percent at
Bakersfield and 23 percent at Fresno-1%, while biomass burning (which includes
residential wood combustion, agricultural buming, and likely also cooking) contributes
six percent at Bakersfield and 13 percent at Fresno-1°t, Secondary ammonium sulfate
accounts for eight percent at Bakersfield and seven percent at Fresno-1%t Airborne soil
and industrial sources are minor contributors.
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- Figure 30. Average high day source contributions estiméted'using PMF on days with

PM2.5 concentrations measuring over 30 |.|glm3 at a) Bakersfield-California (BAC)
between 2008 and 2010 and b) VFre;snc:-1*’t Street (FSF) between 2009 and 2010.

2008 - 2010 Average Source Contribution in 2000 - 2010 Average Source Contribution in

Bakersfisid - California Ave. between Nov. Fresno - First St. between Nov. and Feb.
and Feb. when PM2.5 > 30ug/m3 whon PM2.5 > 30ugim3
Aged sea '

<t Industrial
1%

While the absolute magnitude of the contributions estimated by the two models vary to
some extent, taken together, the CMB and PMF source apportionment studies confirm
the importance of secondary ammonium nitrate contributions to PM2.5 on high
concentration days. In addition, motor vehicle exhaust and biomass burning were found

 to be significant contributors to primary PM2.5.

~_d. Photochemical modeling source apportionment

While *obsér'{_v_atien-‘al”-mgd'els like CMB and PMF are‘mos't'useful in iden_t,ifyiﬁn_g__sgg_rpé]skqf

primary PM2.5, photochemical models are needed 1o identify sources of secondary .
PM2.5. Ying et al. (2008, 2009) simulated the 2000/2001 CRPAQS PM2.5 episode
using the source-oriented UCD-CIT air quality model. Source apportionment of primary
PM2.5 in the SJV found elemental and organic carbon (EC and OC) to be the two
largest components. Wood burning was the major OC source in the Valley, contributing
approximately 50 percent to the total PM2.5. At Fresno, wood burning accounted for

_approximately 70 to 80 percent of the OC, while meat cooking accounted for

approximately 10 to 15 percent. Diesel engines were identified as the major EC source.
These results are generally consistent with those of the receptor modeling discussed
above.

Source apportionment of secondary nitrate at Fresno revealed diesel engines were the
largest contributor to nitrate, accounting for approximately 40 percent of the PM2.5
nitrate, while catalyst equipped gasoline engines accounted for approximately

20 percent. Agricultural sources accounted for approximately 80 percent of the PM2.5
ammonium. ' -
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8. PM2.5 AIR QUALITY PROGRESS
a. Annual PM2.5 trends

On an annual average basis, PM2.5 air quality has improved over the last ten years. As
shown in Figure 31, annual design values at sites in the northern (e.g., Modesto),
central (e.g., Fresno-1*) and southem regions (e.g., Bakersfield) in the Valley show
progress towards attainmeént of the standard. The design value -- the metric used to -
determine compliance with the standard -- represents the average of three consecutive
annual averages of the PM2.5 concentrations measured at a specific site (e.g. the 2011
PM2.5 annual design value is the average of the 2009,2010, and 2011 annual average
PM2.5 concentrations). If the annual design value is equal to or below 15.0 pgim®, the
site attains the standard. Between 2001 and 2011, annual design values in the Valley
declined between 30 and 40 percent. The largest decreases occurred in the northern
and central Valley, where, based on 2011 design values, most sites attain the annual

PM2.5 standard.. While the southem Valley has shown less improvement, sitesare
nearing attainment, with design values about 10 to 20 percent over the standard With

on-going implementation of the 2008 PM2.5 Plan, air quality in the Valley is expected to
continue to improve and reach attalnment in 2014. :

Figure 31. Trend in annual PM25 deS|gn values (2001 —201 1 atthe Bakersf“ eld-
California, Fn.=:sno-1St and Modesto monltorlng S|tes .
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b. 24-Hour PM2.5 trends

_ As illustrated in Figure 32, 6ver the long-term, the 24-hour PM2.5 design values also

show a downward trend. The most pronounced progress occurred between 2001 and
2003. Extensive wildfires occurred during the summer of 2008 in Northern California.
These wildfires adversely impacted the 2008, 2009, and 2010 design values throughout
the Valley, with a greater impact in the northern Valley. Overall, between 2001 and _
2011, the 24-hour PM2.5 design values in the Valley have decreased between 30 and -
55 percent. _ . '

Figure 32. Trend in 24-Hour PM2.5 Design Values (2001-2011) at the Bakersfield-
California, Fresno-1%, and Modesto monitoring sites. ‘
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Meeting the PM2.5 24-hour standard poses a significant challenge because the focus is
on the most severe days, which are strongly influenced by metearology as well as
emissions from episodic activities, such as residéntial wood buming. Thus, evaluating
multiple PM2.5 air duality. parameters and the metearolégy effects-on air quality trends
provides a broader picture of progress in the Valley.

Looking at the number of days with measured PM2.5;c0ncentrations over the 35 pg/m®

standard provides another way to assess PM2.5 trends. Over the long term, between
1999 and 2011, the number of days exceeding the standard decreased by about

50 percent at the Bakersfield-California site and by about 45 percent at the Fresno-1%

~site (Figure 33). The increase in the number of exceedance days in 2011 compared to

2010 was due to the very severe meteorological conditions experienced in the Valiey
during the winter of 2011. The Valley experienced similar meteoralogical conditions
during the 1999-2000 and 2000-2001 winters. The total number of exeedance days,
however, was much higher during these earlier years, providing evidence that the
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emission reductions achieved in the Valley have résiilted in significant PM2.5 air quality
improvement. '

Figure 33. Trend in measured days over the 24-Hour standard of 35 pg/m?® (1999-
2011) at the Bakersfield-California and Fresno-1 monitoring sites. o
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C. 'Meteoralogy impacts on air quality

Although the San Joaquin Valley is large, almost 250 miles long and 80 miles wide, it

has a reasonably uniform climatology characterized by hot, dry summers and cool; rainy - - -
winters. Mountains on the eastern, western, and southern edges create a long deep

basin that can allow pollutants to accumulate under stagnarit weather conditions.

The “Pacific High”, a semi-permanent subtropical high pressure system located off the
west coast of North America, and the “Great Basin High”, a high pressure region that
forms in the winter to the area east of the Sierra Nevada Mountains, are major
influences on Valley weather, particularly in the winter. In turn, the strength and position
of these high pressure regions are influenced by the strength of the El Nino/Southern
Oscillation. EI Nino years, characterized by warmer than normal temperatures in the
equatorial Pacific and La Nina years, characterized by colder than normal temperatures,
can alter the position of the Pacific High, allowing or blocking the passage of frontal-
systems through California and the San Joaquin Valiey. A strong La Nina year can
keep the Pacific High from moving south in the winter, diverting normal winter frontal
systems northward, and resulting in drier conditions in California, particularly in the
southern portions of the State. Due to decreases in the number-and strength of frontal
systems passing through the Valley, as well as increases.in potential stagnant
conditions, a strong La Nina year can result in higher than expected PM2.5
concentrations. -
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In a normal year, when the Pacific High moves south in winter and diminishes in
strength, storms can penetrate further into the Valley, bringing clouds and rain. In
between these storms, higher pressure can build, bringing mild, bright, sunny weather.
A strong Great Basin High can direct winds into the Valley, cleaning out any
accumulated particulates. When the Great Basin High is weak, cool, damp air can be
trapped in the Valley, with stagnant conditions and poor ventilation lasting for days. The
frontal systems which pass through the Valley in winter are weaker than those in the
summer and the approach of a weak, slow-moving system can bring light surface winds
with weak vertical mixing. The resulting stagnant conditions can persist for extended
periods before the frontal system bringing precipitation and stronger winds finafly
passes through the area. The southern portion of the Valley is effectively blocked by
the Tehachapis and the Coast Ranges to the south and west, leaving it dependent on
frontal systems from the north for much needed precipitation and winds to scour out any
accumulated pollutants. Stagnant conditions can lead to temperature inversions.

~ Under normal conditions, temperaturé decreases with height, allowing free upward air
_flow and dispérsion of emissions and pollutants. In contrast, a temperature inversion
~positions a layer of warm ait above caoler air impeding upward airflow. Often the
inversion layer is {owerithan:the mountains:surrounding the Valley providing a “cap” and
effectively trapping pollutants. The frequency and intensity of tiie two high pressure
systems and the §peed ‘and int&nsity of thé petiodic storm systems that clean the air are
expected to cause large variations in year-to-year average wintertime PM2.5
concentrations. ‘ : :

Measurements conducted during the CRPAQS winter of 2000/2001 indicated that high
PM2.5 concentrations usually occur during days dominated by a strong upper-level
ridge of high pressure located over Central California (Figure 34 ) (MacDonald et al.,
2008). These days are characterized by light winds, low mixing heights, and limited
pollutant dispersion. These PM2.5 episodes can last weeks, making addressing the
24-hour PM2.5 standard in the Valley a significant challenge. o

" Figure 34. Frequency of high PM2.5 days in different regions of the San Joaquin Valley
corresponding to different synoptic meteorological conditions during the CRPAQS
winter of 2000/2001 (Mac Donald et al., 2006). -
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Examples of the impact of La Nina on Valley weather patterns can be seen during the
winters of 2011/2012 and 2000/2001, the period during CRPAQS. As noted above, the
winter of 2000/2001 was characterlzed by the persistence of strong surface high
pressure that brought light-to-calm winds and stable, stagnant conditiens to the Valley.
~ Several fairly strong frontal systems crossed through the region, bringing precipitation,
high wind speeds, and strong vertical mixing, allowing accumulated poliutants to
disperse. The winter of 2011/2012 was also characterized by a strong surface high-
pressure system, but frontal passages were weaker and drier with less vertical mlxmg
allowing stagnant conditions to continue for longer periods. .

| The graphs in Figures 35 and 36 compare PM2.5 concentratidns meastred at
Bakersfield and Fresno, respectively, between November 1, 2011 and -

February 29, 2012 to the PM2.5 concentratlons measured during the same four months

(November through February) in earlier years (1999/2000 and 2000/2001). The

- 2011/2012 air quality was much better compared to earlier years for all air quality
statistics. Peak 24-hour concentrations were over 40 percent lower. The average
concentration during the four months perlod was also 40 percent lower. The number of
days over the 24-hour standard of 35 pg/m® was cut by about 35 percent. Even more
significant was the 70 percent decline in the number of days with very hlgh
concentratlons (over 65 pg/m?).

Figure 35. Comparison of the 2011/2012 .PM2.5 episode to the CRPAQS episodes of

1999/2000 and 200072001 at Bakersfield-California.
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Figure 36. Comparison of the 2011/2012 PM2.5 episode to the CRPAQS episodes of
1999/2000 and 2000/2001 at Fresno 1%,

Select PM2.5 Episodes at Fresno-1st
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d. Annual trends adjusted for meteorology

To understand the eﬁects of emission reductions on ambient PM2. 5 concentration
trends, the effects of meteorology need to be separated out as fully as possible. The
Classification and Regression Trees (CART) method was used for this purpose in the
SJV. CART-defined relationships developed for Bakersfield and Fresno accounted for
most, but not all, of the effects of meteorology on the annual PM2.5 trends. One
aspect that may not have been fully captured was the role of carryover of PM2.5 during
extended duration episodes. Further analysis is underway fo better address this impact
within the CART analy5|s Appendlx 4 describes the current CART analysis in further
detail. _

‘The meteorology-adjusted (met-adjusted) trends in the figures below lntegrate the o

CART-defined meteorology-effects. For example, in years with meteorology conditions
more conducive to PM2.5 formation, the PM2.5 concentrations were adjusted
downward. Conversely, the PM2.5 concentratlons were adjusted upward in years with
meteorology conditions less conducive to- PM2.5 formation.

Met-adjusted trends are designed to be better indicators than the observed trends for
showing the effects of changing emissions. At Bakersfield, the resulting meteorology-
adjusted trend between 1999 and 2010 indicates greater decline in PM2.5
concentrations than the unadjusted trend (Figure 37), while at Fresno the two trends are
generally similar (Figure 38). Overall, the meteorology-adjusted trends indicate that
between 1999 and 2010, the annual average PM2.5-concentrations decreased about 40
to 50 percent at both locations due to emission reductions. '
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Figure 37. Observed and met-adjusted PM2.5 trends in Bakersfield.
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Figure 38. Observed and met-adjusted PM2.5 trends in Fresno.
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e. 24-hour trends adjusted for meteorology

Similar to annual average trends, the number of exceedance days that occur each year
can be strongly affected by differences in meteorological conditions from year to year.
Figure 39 shows observed and met-adjusted trends for PM2.5 exceedance days in the
Bakersfield and Fresno areas. The observed values each year may differ from those in
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a) _ Observed and Met-Adjusted PM2.5 Exceedance Days in Bakersfield Area
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Figure 33 for several reasons including a) they are averages of multiple sites in each
area, b) more days could be included where missing values could be imputed (missing
values were filled in using relationships in existing data), and ¢} some days with
incomplete meteorological data could not be included in the analysis.

The met-adjusted trend for Bakersfield shows a stronger decline compared to the
observed trend, while in Fresno the observed and met-adjusted trends are similar. The
decrease from 1999 through 2010 for the met-adjusted trend is 60 to 65 percent in_both

areas.

Figure 39. Observed and met-adjusted trends for PM2.5 exceedance days in a) the
Bakersfield area and b) the Fresno area. '
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. Trends in 24-hour, séasensl, and hourly PM235

Comparrng the change in the frequency dlstnbutron of 24-hour PM2.5 concentrations
over the last decade provrdes another meéans of Iooklng at air quallty changes over the
years. As |Ilus“trated in‘Figure 40, the fraction of days recording PM2.5°over theé 24-hour
standard of 35 pg/im® decreéased between the thrée- -year periods of 1999:2001 and
2009-2011 at the-thiee monitoring sites shown: “At Bakersfield, the frequency
decreased from over 15 to less than ten percent, at Fresno from 20 toless than

ten percent, and at Modesto from about ten percent to less than five percent. in
contrast, during these same periods, the fraction’of days recording concentratrons at or
below the annual standard increased from about 50 up to 70 percent at Bakersfield,
from 55 up to 70 percent at Fresno, and from about 65 up to 80 percent at Modesto. .

Figure 40. Change in PM2. 5 concentratlon frequency distribution between the 1999-
2001 and 2009-2011 periods at the a) Bakersfield-California, b) Fresne- 15t and -
c) Modesto monitoring sites. _
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In the San Joaquin Valley, PM2.5 concentrations over the 24-hour standard occur
during the winter season. Figure 41 illustrates the overall downward trend in the three-
year averages of 1% and 4™ quarter (Q1+Q4) PM2.5 concentrations between the
periods of 1999-2002 and 2009-2011. Over the long-term, Q1+Q4 average PM2.5
concentrations decreased by 37 percent at Bakersfield and Modesto and 47 percent at
Fresno. Most recently, between the periods of 2004-2006 and 2009-2011, Q1+Q4
average PM2.5 concentrations decreased by eight percent at Bakersfield, 11 percent at
Fresno, and ten percent at Modesto.. |

Figure 41. Change in three-year averages of 1%t and 4™ quarter PM2.5 concentrations
at the Bakersfield-California, Fresno-1%, and Modesto monitoring sites. '
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Focusing on changes in winter (November through February) average PM2.5
concentrations in years when' meteorotogrcal conditions were most conducive to PM2 5
formatron and accumulation provrdes further insight into PM2.5 air qualrty pro_gress
Thesé years include“2000, 2002, ZOOT and 2011, which as illustrated onF gure 33,
also had the highest: numbers of days measuring over the 24-hour PM2.5° ‘standard.
Figure 42 illustrates the decrease in the winter average PM2.5 concentrations in these
four years at the Bakersfield-California, Fresno-1%, and Modesto monitoring sites. -
Comparing 2000 to 2011, wmter average PM2 5 concentratlons decreased by about

35 percentin Bakersfield, about 40 percent in Fresno, and about 30] percent' in Modesto.
Comparing the more recent years of 2007 and 2011, winter average PM2.5
concentrations decreased by about 30 percent.in Bakersfield, 20 percent in Fresno, and
ten percent in Modesto

Figure 42. Changes in wrnter—months average (January, February, November
December) PM2.5 concentrations at the Bakersfield-California, Fresno- 1St and Modesto-
~ monitoring sites among years with most PM2: 5 conducive meteorology. . '
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Progress in PM2.5 is further corroborated by comparing changes in monthly average
PM2.5 concentrations between 1999-2001 and 2009-2011 (Figure 43). The overall
PM2.5 seasonal pattern has not changed; however the average monthly concentrations
have decreased. The most significant improvements in PM2.5 have been achieved

during the winter months.

Figure 43. Changes in PM2.5 monthly concentrations between the 1999-2001 and

2009-2011 three-year periods at the a) Bakersfield-California, b) Fresno-

c) Modesto monitoring sites.
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Comparing changes in PM2.5 diurnal patterns-offers-furtherinsights-into the progress
achieved. Figure 44 illustrates changes in the three-year averages of hourly PM2.5
concentrations:recorded during November and December between 2001 -2003 and
2009-2011 at a) Bakersfield-California, b) Fresho-1%, and ) Modesto. The overall
diurnal patterns have not changed, yet hourly-concentrations have décreased
throughout the day. Peak daytime concentrations decreased approximately 20 percent,

and peak nighttime concentrations approximately 30 percent.

Figure 44. Changes in the average November—Décémber PM2.5 hourly concentrations
between the 1999-2001 and 2009-2011 three-year periods at the a) Bakersfield-
California, b} Fresno-1*, and ¢) Modesto monitoring sites.
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g. Chemical composition trends

As previously discussed, PM2.5 concentrations measured at monitoring sites in the SJv
have decreased from the 1999-2001 to the 2009-2011 three-year periods. Trends in
individual PM2.5 chemical components, as well as emission inventory trends were _
evaluated to highlight the main chemical components leading to the progress in PM2.5

~ air quality and to evaluate the response to State and District control programs. ‘

Speciation monitors in the SJV collect data on PM2.5 chemical composition.
Figures 45, 46, and 47 illustrate the trends in the individual PM2.5 components at

Bakersfield, Fresno, and Modesto. Between 2007 and 2009, the carbon collection and
analysis method was changed to improve comparability with the rural IMPROVE PM2.5
carbon data. Since the change was implemented mid-year, there are gaps in carbon
data for years with a mix of the old and new methods. B '

Ammonium nitrate, ammonium sulfate, and carbon compounds are the major
‘constituents of PM2.5. On an annual average basis, concentrations of these key
constituents have all shown significant decreases. Ammonium nitrate concentrations in
“the Valley declined about 40 percent between 2002 and 2011. During the same
time-frame, concentrations of ammonium sulfate and carbon compounds-deciined about
20 to 30 percent. The most significant declines occurred between 2002 and 2003, and
again between 2007 and 2010. ' '

Figure 45. Trends in PM2.5 chemical components at Bakersfield.
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Figure 46. Trends in PM2.5 chemical components at Fresno-1%.
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Figure 47. Trends in PM2.5 chemical é.omponents at Modesto.
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The 2012 SJV PM2.5 Plan’s Appendix A describes further analyses on PM2.5 air quality

trends.
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h. Emission inventory trends

As specified by U.S. EPA's PM2.5 implementation rule, required PM2.5 plan precursors
are directly emitted PM2.5, NOx, and SOx. As discussed in sections 5 and 6, VOCs
and ammonia are not significant precuirsors in terms of reducing PM2.5 concentrations.
Figure 48 illustrates wintertime emission trends in the San Joaquin Valley air basin from
2000 through 2011 for the three key precursors.

o NOXx emissions have decreased by 219 tons per day (tpd) or 40 percent.
Major reductions occurred in emissions from heavy-duty diesel trucks, stationary
combustion sources, and other mobile sources (e.g., farm and off-road '
equipment, trains) : ' \ :

« Direct PM2.5 emissions decreased by 28 tpd or about 30 percent.
Major reductions occurred in emissions from residential wood combustion and
. entrained dust. e
o SOx decreased by 15 tpd or about 60 percent. « .
Major reductions occurred in emissions from stationary fuel combustion sources
and industrial processes. '

The combined downward trends in PM2.5 components and emissions of PM2.5, NOx,
and SOx indicate that the ongoing control program has had substantial benefits in
improving air quality in the SJV and that further emission reductions in the future are
expected to provide continuing progress towards attaining the 24-hour PM2.5 standard.

Figure 48. PM2.5 and PM2.5 precursor winter emission trends in the San Joaquin
Valley. L ' -
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9. LINKiNG AIR QUALITY TRENDS TO EMISSION REDUCTIONS
a. NOx control

Programs aimed at reducing NOx emissions have played an irhportant role in ‘reducing
nitrate concentrations and, consequently, overall PM2.5 concentrations in the Valley.

As discussed in section 5, previous studies have identified NOx as the limiting precursor |

nlfrate levels
well as

for ammonium nitrate formation. As a result, NOx. emissions.and PM
track each other over the years, Trends in estimated NOx emissio

monitored ambient concentrations, are compared with trends in measured PM2 5 nitrate -

concentrations. As illustrated in Flgure 49, between 2004 and 2011 Valley NOx -
emissions decreased by.about one third, with a commensurate reductlon of 30 percént
in PM2.5 nitrate concentrations. F urthermore the reductions in NOx emlssmns were

. also reflected in the corresponding reduction in the ambient gaseous NOx = . °

concentrations. . Figures 50 and 51 show a strong correlation between ‘trends inPM25 .

nitrate concentrations and ambient NOx concentrations at the Bakersfield and Fresno
sites. Between 2004 and 2011, concentrations of both PM2.5 nitrate and NOx
decreased approxumately 30 percent.

Figure 49. Comparison .between trends in Valley ‘wide winter average NOx emission
and PM2.5 nitrate concentrations at Bakersfield and Fresno. Emissions and
concentrations are presented as three-year winter averages.
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Figure 50. Comparison of trends in wintertime PM2.5 nitrate and NOx concentrations
in Bakersfield. Concentrations are presented as three-year winter averages.
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Figure 51. Companson of trends in wmtertlme PM2.5 nitrate and NOx concentrations
in Fresno. Concentrations are presented as three-year winter averages.
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Because the PM2.5 chemical speciation network is just over ten years old, data from.
the PM10 ion analysis network were also used to assess longer-term trends. Although,
the earlier data do not meet the strict quality assurance/quality control reguirements of
the PM2.5 chemical speciation network, they do provide a historical perspective. The
highest PM10 nitrate concentrations were measured in the Valley in early 90’s. Since
then, concentrations of both PM10 nitrate and NOx have decreased about 60 percent
(Figure 52). The yearly variability in the ammonium nitrate concentrations reflects the .
effects of the varying meteorology on ammonium nitrate formatlon : N
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Figure 52. Long-term trends in three-year average concentrations of PM10 nitrate and
NOx in the San Joaquin Valley.
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b. Residential wood 'bu'rn'ing controls

As previously discussed, annual average concentrations of PM2.5 carbon components
have decreased about 20 to 30 percent since 2002. The decrease in the carbon
component reflects substantial benefits from the implementation of District Rule 4901,
which prohibits residential wood-burning on days when high concentrations of PM2.5
are predicted. In addition, as part of the District's stringent smoke management -
program, agricultural burning is prohibited on those same days. Through a series of

- Rule 4901 amendments the PM2.5 threshold for calling no- burn days-was established -
in 2003 at 65 pg/m® and subsequently tightened to 30 pg/m®in 2008. District staff
analyzed the effect that Rule 4901 has had on PM2.5 in the Fresno area using a
statistical model developed to quantify PM2.5 reductions attributable to the 2003 and
2008 rule amendments. Based on PM2.5 concentration relationships to metearological
variables before the wood-burning curtailments came into effect, the model predicts
what the PM2.5 concentrations would have been if the curtaiiments had not been
adopted. These expected concentrations are then compared to the measured
concentrations. This analysis is further descnbed in the 2012 SJV PM2.5 Plan’s
Appendix A. .

The analysis results indicate that as of the 2011-2012 wood-burning season, 24-hour
average PM2.5 levels in Fresno have improved by 41 percent (21 pg/m?) since the 2003
and 2008 amendments to Rule 4901 (Figure 53). This improvement is especially
marked in PM2.5 concentrations measured during the evening hours of 8:00 p.m. to
12:00 a.m. The average evening PM2.5 concentrations have improved by 50 percent

(42 pg/m?®) over the same time period. As shown in this analysis, the 2008 amendment
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to Rule 4901 has approximately doubled the seasonal improvements in PM2.5
attributable to the 2003 amendments.

Rule 4901 will continue to play an important role in reducing PM2.5 concentrations
throughout the San Joaquin Valley both within and beyond the timeframe of this plan.

Figure 53: Effect of SUIVAPCD's Rule 4901 on PM2.5 concentrations in Fresno.

Change in MM2.5 from Expected Winter Concantrations {Fresnc)

W 00 . 2088
W Piule 4051 Rule-stor _ Rude 4801
wl - — —— !
»n N
E | The "zeroine™ repreesnis no
. ’ chanpe from the expecied
w4 - [ NN — - cohpenimalion, -
! am
._ 0.—‘—-! =
A4 -
12 40 .
E 0 1-
30
re .| S0y ktr]

GNight (EPR A2 AW |

2001-02 200203 | IS0 200405 0SS 200007 00T | MOL0P  J0OONA0 MOAY  TIA2

61



10.MODELED ATTAINMENT DEMONSTRATION

a.-Modeling results

Consistent with U.S. EPA guidelines, air quality modeling was done to.predict future
PM2.5 concentrations at each monitoring:site in the-San Joaquin Valley. This modeling
shows attainment of the 24-hour PM2.5 standard by 2019 in all counties except Kings
and.Kern, based on implementation of the.ongoing control program. .In these counties,
additiopal focused emission reductions are needed to provide for attainment. As
required by U.S. EPA, addltlonal analyses has been done to confirm.that attainment i |s
predicted throughout each county (i.e. in each modeled grid cell). The “Attainment

Demonstration” chapter of the District's plan provides an overview of the. photochemlcelr

modeling-performed. Additional information on the periods modeled, the models-
selected, and model, appllcatlon can be found in the Modellng Protocol decument

prepared for this effort.

The air quahty modelmg analysns mcludes new emission reductions. each year between
now and 2019 from implementation of a. combination of adopted ARB and.District.
programs. As a result, most sites in.the northern and central Valiey are. £xpected fo
attain by 2019. As required by U.S. EPA, the modeling replicates the base year 2007
meteorological conditions for each calendar day in the year 2019. The 2007
meteorological conditions included several periods of time especially. conducrve fo the

‘format:on of PM2.5.

- Given the past effectiveness of District programs to curtail residential wood. burning,

ARB staff then modeled a scenario with an enhanced curtailment program, which would

be designed to prevent wood burning on days that may lead up to a PM2.5 exceedance.
The modeling results for this scenario indicate that only one site (Bakersfield-California)’
would not attain the standard with this additional level of control. The. predicted deS|gn ST
values for each site from this.modeling scenario are shown in Table 4.. :

Table 4. 2019 Modeled 24-h0ur PM2.5 Design Values.

ves(ppghmsy npisst |

Bakersfleld Cal:fornla 35.7
Bakersfield - Planz 329 . -
Corcoran - Patterson 32.1
Visalia - N. Church 29.4
Fresno - Hamilton 28.6
Fresno-1% 305

| Clovis 28.6.
Merced 22.6
Modesto 24.7
Stockton 214
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b. Benefits of emission reductions from on-going programs

The implementation of new reductions from California’s on-going emission control
programs will provide the major portion of the emission reductions needed to attain the
24-hour PM2.5 standard throughout the San Joaquin Valley in 2019. The PM2.5 design
value at the Bakersfield-California site must decrease by approximately 45 percent to
demonstrate attainment. Between 2007, the base year used in the photochemical
modeling attainment demonstration, and 2019, implementation of these control
programs will reduce NOx emissions by 55 percent. Previous sections of this WOE
documerit have démonstrated that prior reductions in NOx have resulted in
commensurate reductions in ambient concentrations of nitrate. This is consistent with
modeled predictions that demonstrate a nearly 45 percent réduction in ammonium-
nitrate concentrations. In addition, while directly emitted PM2.5 emissions-in-aggregate

- are decreasing by nearly 30 percent, a major focus-of the attainment control strategy is - -

further curtailment of residential wood burning. Ambient measurements and modeling
studies have shown the large contribution that residential wood burning has on PM2.5
exceedance days. In addition, prior District analysis has-demonstrated the significant
benefits of past implementation of wood burning curtailment. Therefore, the substantial
continuing reductions that will result from implementation of the ongoing control
program, coupled with-an enhanced residential burning curtailment program, are
consistent with the benefits predicted in the modeled attainment demonstration.

- As a result of the overall control program, coupled with the enhanced wood burning
curtailment measure, ammonium nitrate concentrations are predicted to decrease by
nearly 45 percent, organic cakbon concentrations by approximately 65 percent, and
elemental carbon concentrations by nearly 80 percent. A comparison of the. - - ,
concentrations of the main chemical constituents in 2007 to that predicted in.2018.at - -
three sites (Modesto, Fresno-1%, and Bakersfield-California) illustrates the significant
reductions in these components (Table 5).

Table 5. Comparison of the concentration of chemical constituents for 2007 and 2019
design values at selected sites. -

Component| Bakersfield—Calif. | ~ Fresno-1™ [  solMBdestszsiad
] .(uglms) ' ' : see@iet  OEILDID
2007 2019 2007 2019 2007 2019
Ammonium 41.1 22.6 32.1 17.0 28.5 15.6
Nitrate : -
Ammonium 4.7 4.4 3.2 25 : 31 2.7
Sulfate :
Organic 15.2 6.6 22.9 8.9 19.7 - 4.6
Carbon S
Elemental 2.2 0.5 2.8 0.6 1.6 0.3
Carbon e : '
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c¢. Evaluation of precursor sensitivity

Effectiveness of V_eﬂeg Wide '_emissioq reductions

In order to determine where to focus the remaining emission reductions needed to bring
Bakersfield-California into attainment, as well as identify the attainment plan precursors,
ARB staff conducted additional modeling sensitivity runs to assess the relative efficacy
of,further reductions of different PM2.5 precursors. U.S. EPA’s PM2.5 rmplementatlon :
rule specifies that a precursor is considered "5|gn|frcant for control strategy
development purposes when a significant reduction in the emissions of that precursor

' pollutant leads to a significant decrease in PM2.5 concentrations. Such pollutants are
known as “PM2.5 attainment plan precursors” (72 FR 20586). The U.S. EPA's ~
|mplementat|on rule also establishes a presumption that PM2. 5, NOx,-and SOx are -
attainment plan precursors, while VOCs and ammonia are not. In the past for the -
annual PM2.5 plan, PM2.5, NOx, and SOx were identified and approved as the only
attainment plan precursors by U. S. EPA. Results of the annual PM2.5 modeling
showed that of these three pollutants, reductions in directly emitted PM2.5 was the most
effectrve However, because emissions change over time, it is |mportant to contlnue fo
assess the attainment plan precursors each time aplanis developed *

Additional photochemical modeling analyses were therefore conducted to understand
the relative effectiveness of emission reductions for primary PM2.5 and precursors
throughout the Valley in 2019. in these analyses, the model was run with varymg
combinations of valley wide precursor emission reductions from anthropogemc sources:

NOx vs. PM2.5

NOx vs. Ammonia

NOx vs. VOCs ) a |
’NOX‘VS;.SOX e e e e

Table 6 compares the modeled effect on the 20192 design value obtained at each
monitoring site from a 25 percent reduction in the specified precursor. Consistently,
direct PM2.5 productions have the most benefit, followed by NOx reductions.
Réeductions in ammonia and SOx provide much smalter benefits, while reductions in-
VOCs result in very small disbenefits at many sites. Table 7 presents this same
information, but normalized to reflect the reduction in design value per ton of each

- precursor reduced. On this basis, valiey wide reductions in PM2.5 are approximately
four times as effective as NOx, and approximately five times as effective as SOx. In
contrast, reductions in ammonia are approximately nine times less effective than NOx,
and as noted above, reductions in VOCs result in either no |mpact of very small
disbenefits.
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Table 6. Modeled reduction in 2019 PM2.5 design value resulting from 25 percent
reduction in valley wide precursor emissions.

PM2.5 Reduction (pg/m°) ~

Monitoring Site | Primary NOXx Ammonia | SOx | VOC

. ' wd . - _‘ Tl PMZ-S ' i N ‘ H I l ‘ k‘ ) - N
Bakersfield -California 4 .44 3.75 0.55 0.18 -0.10
Bakersfield-Planz 3.80 3.64 0.58 0.19 -0.06
Visalia - 3.51 310 0.37 0.09 -0.06
Corcoran 3.34 3.99 0.70 0.08 -0.20
Fresno-1% 4.12 2.62 0.51 0.09 0.03
Fresno-Hamllton 3.73 257 0.50 0.11 0.05
Clovis + 3.29 3.17 0.55 0.09 0.00
Modesto 2.49 1.76 0.43 0.17 0.03
Merced. 2.54 2.31 0.34 - 0.1 -0.01 |
Stockton —~ " " 1.87 - 1.30. 0.48 020 | 003 ]

’

Table 7. Modeled F'M2 5air qualrty benefit per ton of valley wide precursor emlssron

reductions.

Pgma’g © NOs ﬂﬁmﬁa’%ﬁ PGS -~
Bakersfield-California 0.34 0.08 0.008 0.08 -0.001
 Bakersfield-Planz 0.29 0.08 0.009 0.08 -0.001
Visalia 0.27 007 | 0005 0.04_
Corcoran 0.25 0.09 0.010 0.04 -0.003 -
Fresno-1% 0.31 0.06 0.008 0.04 0.000
Fresno-Ha‘mithn 0.28_ 0.06 0.007 0.05 - 0.001
Clovis 0.25 0.07 0.008 0.04 0.000
Modesto 0.19 0.04 0.006 0.08 0.000
‘Merced 0.19 0.05 0.005 0.05 10.000
Stockton 0.14 0.03 0.007 0.09 0.000

65




The results of these modeling sensitivity runs were also plotted on isopleth diagrams
which reflect the change in the 2019 design value at each level of emission reduction.
Isopleth diagrams for the Bakersfield-California site are shown in Figures 54 (a) through
(d) to illustrate the overall nature of the modeled response:

o While reducing SOx results in less sulfuric acid and subsequent ammonium
sulfate formation, SOx reductions have only a small effect on the predicted
design value since ammonium sulfate is a small component of measured PM2.5.

» Reducing VOCs leads to very small increases in the design value because these
reductions have the effect of making more NOx available for nitric acid, and
subsequent ammonium nitrate formation.

+ Because ammonia is much more abundant than NOx, the atmosphere is more
responsive to reductions in NOx as compared to ammonia. Reductions in NOx in
turn have significant benefits as ammonium nitrate is a large component of
measured PM2.5.

¢ Reductions in directly emitted PM2 5 result in sngmﬂcant benefits due to the
reduction in organic carbon which is a Iarge component of measured PM2.5.

These modeling results, along with the fmdmgs from past modeling and monitoring
studies highiight that reductions in directly emitted PM2.5 and NOx provide the greatest
benefit in further reducing PM2.5 concentrations and making progress towards
aftainment. Given that significant reductions in VOCs and ammonia do not provide
significant air quality benefits, per U.S. EPA guidance, the 24-hour PM2.5 -attainment
plan precursors are directly emitted PM2.5, NOx, and SOx.
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Figure 54.

Bakersfield—California Isopleth Diagrams.

a) NOx vs. SOx

b) NOx vs. VOC
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Eﬁectlveness of Iocallzed emiss:on reductlons

The valley widé precursor sensmwty modellng demonstrates that on a relative basis the
greatest benefits are achieved from reductions in sources of directly emitted PM2.5,
followed by NOx. Due to the stagnant conditions that occur during wintertime episodes,
and the local nature of directly emitted PM2.5 carbon sources in particular, Kern County
specific model sensitivity runs were also conducted to evaluate the benefits of emission
reductions focused on the nonattainment sub-area. The Kern County sensitivity runs
demonstrated that: '

» One ton per day of dlrectly emitted PM2.5 reductlons provides a:
improvement in the Bakersfield-California design value;
e One ton per day of NOx reductions provid
- - Bakersfield-California design value; - -
* One ton per day of SOx reductions. prowd
Bakersfield-California design value; ‘ T
« One ton per day of ammonia reductions provides for a 0 02 pg/m lmprovement
- in the Bakersfield-California design value; and
¢ One ton per day of VOC reductions has no effect on the Bakersfield- Callforma
design value : :

An examination of sources surrounding the Bakersfield-California monitoring site was
then conducted in order to identify potential PM2.5 and NOx sources for further control
The forecasted 2019 PM2.5 and NOx gridded emission inventories were evaluated, °
focusing on the winter months of November through February when the majonty of
PM2.5 exceedances occur. The top five emission solirces of PM2! 5 and NOx'in the

9 grid cells (3x3 grid cells, each measurmg 4 Km x4 km) centered on the Bakersfield-

- California monitoring site are shown in Figures 55 and 56. The main combustion -
sources of PM2.5 are commercial cooking, residential fuel.combustion, and-on-road
vehicles. The main NOx source is on-road vehicles, with smaller contributions from off-
road equipment, residential fuel combustion, and trains. This analysis suggests that for
PM2.5, a focused effort to further reduce residential wood burning and limit-emissions

. from commercial cooking operations would have significant benefits in r
concentrations in the Bakersfield area. Key NOx sources include on- an
mobile sources which are already the focus of ongoing control programs
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Figure 5§5. 2019 top five wintertime PM2.5 emission sources within the Bakersfield-
California 9-grid cell area (3x3 grid cells, each measuring 4 km x 4 km with the
Bakersfield-California monitor located in the center cell). Wintertime emissions
expressed as an average of January, February, November and December emissions.

2019 top Five Winter PM2.5 Emission Sources withih the
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Figure 56. 2019 top five wintertime NOx emission sources within the Bakersfield-
California 9-grid cell area (3x3 grid cells, each measuring 4 km x 4 km with the
Bakersfield-California monitor located in the center cell). Wintertime emissions
expressed as an average of January, February, November and December emissions.
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d. Demonstrating attainment at Bakersﬂeld-CaIifornia'

While adoption of a more stnngent wood burning curtailment program brings the
Bakersfield-California site very near attainment, further reductions are needed to meet
the attainment target of 35.4 ug/m®. Based upon the precursor sensitivity analysis and
evaluation of the localized inventory discussed in the previous section, further control of
PM2.5 emissions from commercial cooklng operations was identified as the most
effective approach to provide the emission reductions needed to reach attainment. The
final attainment demonstration for the Bakersfield-California desngn site is prowded in
Table 8 below ,

Table 8. Attainment Demonstration for the Bakersﬁeld-CaIifornia D_e_sign‘value Site.

1 Value o &MQ‘:FInal%lesm“ ¥
Value (pg/m®)

65.6 35.7 £35.4
Note: The benchmark for attainment is a design value that is equal to
orless than 35.4 pg/m®,

As noted above, "the design value in the center column of the table reflects the
implementation of angoing control programs, as well as implementation of an: enhanced
residential wood burning curtailment program. The final design value reflects the
combined impact of further reductions in commercial cooking, as well as a small
increase in motor vehicle emissions due to updated vehicle activity data from the San
Joaquin Valley Metropolitan Planning Organizations (MPOs). Based on a modeling . .
sensitivity run, lmplementatlon of further controls on commercial cooking is expected to '
result in a 0.6 ug/m° reduction in the baseline design vaiue. The revised MPO activity
data represents approximately one percent of Valley wide NOx emissions. Based on
modehng sensitivity runs, this is estimated to result in a design value increase of

0.2 pg/m®. In aggregate, the modeling demonstrates a design value that meets

U.S. EPA’s attainment target of 35.4 pg/m®.
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11. SUMMARY

Consideration of the entirety of information presented in the weight of evidence provides
a consistent assessment that supports the modeled attainment date of 2019. The
substantial continuing reductions that will result from implementation of the ongoing
control program, coupled with new measures addressing residential wood burning and
cooking, are consistent with the results predicted in the modeled attainment
demonstration. This weight of evidence assessment is based upon the followmg
factors:

» Over the last decade significant progress has occurred in reducing 24-hour PM2.5
concentrations. The 24-hour design value has decreased by over 30, pg/m®, while
the number of exceedance days has deciined by nearly 50 percent.
Meteorologically adjusted trends for the Bakersfield area show an even greater
reductlon in exceedance days, with a declirie of over 60 percent. - '

" e Evaluation of the air quality model response to emlssmn reductlons as well as

model sensmwty runs demonstrates that reductions in directly emitted PM2.5 have
the greatest impact per ton of emissions, fellowed by NOx. For example, in Kemn
County, PM2.5 emlssmn reductions are apprommately eight times more effective
than NOx.

+ Both receptor and photochemlcal grld based modellng have identified residential
wood burning as a sagnlﬁcant contributor to wintertime PM2.5 concentrations. The
reductions in the organic carbon component of PM2.5 that have occurred can be
linked to implementation of the District’s residential wood burning curtailment
program. : :

o”_wEvaluatlon of emissions inventory data, momtonng studies, and photochemlcal
" modeling indicate that controlling NOx emissions is the most effective strategy to
reduce ammonium nitrate concentrations.

e The decrease in ammonium nitrate concentrations observed at Valley monitoring
sites tracks concurrent reductions in NOx emissions as well as trends in gaseous
NOx concentrations.

» Substantial NOx and PM2.5 emission reductions will occur between 2007 and 2019
due to the implementation of on-going measures and additional new measures. As
_ a result of these programs, NOx emissions will decrease by over 50 percent, and
PM2.5 emissions by nearly 30 percent.

« The modeled attainment demonstration predicts that all sites in the Valley will attain
by 2019. This modeling assessment is consistent with the benefits seen from
previous reductions in the sources and poliutants being addressed as part of the
attainment strategy. :
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