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and health related benefits from reductions in emissions of PM2.5, SO2, NOX, and VOCs that result 
from clean energy policies and programs2. 

SUMMARY OF FRIANT RANCH AND CSUDH HEALTH IMPACT ANALYSES 

Friant Ranch Analysis 

The Friant Ranch Project underwent a comprehensive health impact assessment using CAMx and 
BenMAP-CE to quantify the potential health impacts of NOx, PM2.5, and PM10 emissions. Key 
findings from the Friant Ranch analysis include: 

• Peak Daily Emissions: The estimated peak daily emissions for the Friant Ranch Project were estimated at 342 
pounds per day of ROG/VOC, 438 pounds per day of NOX, 174.7 pounds per day of PM10, and 70.7 pounds per day 
of PM2.5. Despite these emissions, the health impact modeling concluded that health risks from these pollutants 
were not significant or were within a margin of error, even under worst-case scenario assumptions. 

• Modeling Approach: The CAMx model was used in order to model the potential incremental increase in ozone and 
PM2.5 concentrations in the region as a result of project emissions. This modeling indicated that project emissions 
would result in a maximum increase in pollutant concentration of 0.019% for ozone and 0.41% for PM2.5 at the most 
impacted grid cell compared to baseline 2020 background concentrations. The BenMAP model was used to 
estimate health effects in the region that would be expected as a result of these increased pollutant concentrations. 
Even with these stringent parameters, the health impacts—quantified in terms of mortality—were minimal. The 
findings emphasized that the potential increase in health incidences was negligible, particularly compared to the 
background health conditions of the region. 

CSUDH Analysis 

The CSUDH Campus Master Plan also underwent a similar air quality impact analysis using CAMx 
and BenMAP-CE to estimate changes in ambient PM2.5, PM10, and ozone concentrations due to 
project-related emissions: 

• Peak Daily Emissions: The estimated peak daily emissions for the CSUDH Project were estimated at 482.6 pounds 
per day of ROG/VOC, 240.1 pounds per day of NOX, and 79.5 pounds per day of PM2.5. Despite these emissions, the 
health impact modeling concluded that health risks from these pollutants were not significant or were within a 
margin of error. 

• Health Impact Findings: The results of the health impact modeling for CSUDH indicated a very small increase in 
health incidences, including mortality, asthma-related emergency room visits and respiratory-related hospital 
admissions, all of which were considered negligible. For all endpoints, the number of estimated incidences was less 
than 0.0058% of the background health incidences, indicating that health impacts were well within the margin of 
error. 

• Conservative Emissions Estimates: The analysis utilized peak operational emissions, and these were modeled across 
the entire operational year, further emphasizing the conservative nature of the health impact conclusions. Even 
with this conservative approach, the resulting health impacts were deemed negligible. 

GEOGRAPHIC AND DISPERSION CONSIDERATIONS 
The proposed Project benefits from favorable dispersion characteristics in the South Coast Air Basin 
(SCAB): 

• Stronger Wind Patterns: Coastal winds, including Santa Ana winds, enhance the dispersal of pollutants, reducing the 
likelihood of pollutant accumulation near the project site. 

• Marine Inversion Layers: SCAB benefits from marine inversion layers that aid in the dilution and transport of 
pollutants like NOx, PM2.5, PM10, and ROG/VOC, reducing potential health impacts. 

 
 
2 https://www.epa.gov/cobra/what-cobra 
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Given these favorable conditions, the SCAB’s meteorology will likely enhance the dispersal of the 
proposed Project’s emissions, mitigating any localized health impacts. 

Health Effects of Criteria Air Pollutants and Their Precursors 

Health effects associated with criteria air pollutants are diverse, including premature mortality, 
cardiovascular effects, increased healthcare utilization, respiratory illnesses, and reduced lung 
function. These impacts are particularly acute in sensitive receptors, such as children, the elderly, 
and those with preexisting respiratory conditions. The proposed Project’s emissions for ROG/VOC, 
NOx, PM10, and PM2.5 are significantly lower than those observed for Friant Ranch and CSUDH. As a 
result, the potential health impacts are expected to be less than these projects, resulting in minimal 
increases in pollutant concentrations and health risk that is considered negligible. 

Scientific and Technological Complexities 

The Friant Ranch decision emphasized the need to correlate project-specific emissions to health 
outcomes, a task complicated by the scientific and technological challenges inherent in modeling 
secondary pollutants such as ozone and PM2.5. Secondary pollutants are formed via complex 
chemical reactions involving multiple precursor emissions, influenced by atmospheric conditions, 
which makes the direct correlation of emissions to health outcomes challenging. The SJVAPCD and 
SCAQMD briefs described above highlight these complexities, asserting that currently available 
modeling tools are not equipped to provide reliable project-level health impact analyses. This 
underscores the lack of reliability in calculating regional health impacts, as emissions at an individual 
project level are often insufficient to affect regional pollutant concentrations and thus health 
impacts in a meaningful way. 

PROPOSED PROJECT HEALTH EFFECTS 
In order to estimate regional health impacts that may result from criteria and precursor pollutants 
emitted by the proposed Project, the peak daily emissions for each Project scenario were utilized in 
the COBRA model. Table 1 below presents the estimated health effects for the proposed Project at 
the regional level (Riverside, San Bernardino, Los Angeles, and Orange Counties). Table 2 presents 
the incremental increase in mortality from all causes that is estimated to occur as a result of 
emissions generated by the proposed Project, as well as a comparison to the 2020-2022 mortality 
for the region based on data published by the California Department of Public Health for 20243. It 
should be noted that the mortality incidence values presented in Table 2 conservatively utilize the 
high estimates output from the model. 

 

 

 

 

 
 
3 https://www.cdph.ca.gov/Programs/CHSI/Pages/County-Health-Status-Profiles.aspx 
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TABLE 1: PROPOSED PROJECT HEALTH INDICATORS 

Health Indicator 

Total Mortality (low – high estimate)  0.059 – 0.102 
Total Asthma Symptoms 51.524 

Total Incidence, Asthma 0.306 

Total Incidence, Hay Fever/Rhinitis 1.974 

Total ER Visits, Respiratory 0.086 

Total Hospital Admits, All Respiratory 0.008 

TABLE 2: PROPOSED PROJECT MORTALITY INDICATORS 

Mortality (all cause) 

Project Incremental 
Incidence 

Baseline % Increase 

0.102 145,092.4 0.00007% 

As shown in Table 2, based on the COBRA model the proposed Project is estimated to result in an 
incremental increase in mortality of 0.102 due to increased concentrations of ozone and PM2.5 in the 
region due to Project emissions. Compared to baseline mortality estimates for the region, this 
represents an increase of approximately 0.00007%. 

It should be noted that this incremental increase in mortality is significantly lower when compared 
to other large projects. The incremental incidence increase in mortality from all causes for the Friant 
Ranch project was estimated at 0.000014% for ozone and 0.00039% for PM2.5, for a total incremental 
increase of 0.00041, which is higher than what would be expected from the proposed Project. For 
the CSUDH project, the project’s emissions were estimated to result in an increase in mortality from 
all causes of 0.0032% attributable to ozone and PM2.5 combined, which is significantly higher than 
would be expected for the proposed Project. As such, emissions associated with the proposed 
Project would not result in significant health impacts due to increases in ozone and PM2.5 
concentrations in the region. 

CONCLUSION 
The comparative analysis of emissions and health impacts for the proposed Project relative to the 
Friant Ranch and CSUDH projects supports the conclusion that the proposed Project’s emissions are 
similar to those reported in these two sample projects, and thus emissions from the proposed Project 
would be expected to result in similarly negligible health impacts. Additionally, modeling performed 
using EPA’s COBRA model indicates that health risks would not differ significantly from what was 
reported for these projects and remains negligible. 

FEASIBILITY OF ZERO-EMISSION TRUCKS 

BACKGROUND 
In response to a strong political push to utilize all-electric commercial trucks in the logistics industry, 
the California State Assembly passed the Advanced Clean Fleets (ACF) legislation with the goal of 
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phasing out sales of internal combustion heavy-duty trucks in favor of zero emission trucks, such as 
those powered by battery-electric technologies or hydrogen, with a complete phase-out of internal 
combustion-powered trucks by 20454. Under the ACF legislation, any new medium heavy-duty 
(MHD)_truck purchased after January 2024 is required to be a zero-emission vehicle (ZEV). However, 
before the program could take effect in early 2024, CARB issued a notice that it would not enforce 
the ACF regulations, pending the approval of a preemption waiver from the U.S. Environmental 
Protection Agency (EPA). In 2025, with the election of President Donald Trump, CARB withdrew its 
pending waiver given that it would be unlikely to be granted under the Trump administration5. 

Currently the use of zero-emission heavy-duty trucks in support of uses such as the proposed Project 
remains infeasible given the extremely limited commercial availability of zero-emission trucks, as 
well as infrastructure limitations, including limited truck-accessible charging/refueling stations and 
electrical grid capacity. Recent actions such as California’s withdrawal of the preemption waiver for 
the ACF in response to potential challenges from the incoming Trump administration add additional 
challenges to the adoption of ZEV trucks for logistics uses. 

COMMERCIAL AVAILABILITY OF ZERO-EMISSION TRUCKS 
There are currently less than 10 manufacturers with long-haul electric trucks available on the market, 
however these vehicles have yet to reach large scale production and their use remains extremely 
limited. Tesla first revealed the Tesla Semi in 2017, and an initial order for 100 trucks was placed by 
PepsiCo. However, the Tesla Semi did not enter production until 2022, and as of April 2024 only 36 
trucks have been delivered to PepsiCo, with additional orders placed by UPS, Walmart, Sysco, 
Schneider, and ASKO Norway remaining unfulfilled. Although the Tesla Semi was initially slated to 
begin production in 2019, with production expected to hit 50,000 units in 2024, battery production 
constraints have severely limited production, and it is uncertain at this time when these orders may 
be expected to be fulfilled.6 

Facing delays with the Tesla Semi, several companies have turned to other vehicle manufacturers, 
including Daimler’s eCascadia. However, with a significantly shorter range of approximately 230 
miles compared to the 500-mile range of the Tesla Semi, the eCascadia’s use case is significantly 
limited in comparison. As of late 2023, Schneider has taken delivery of 92 eCascadias7, representing 
0.9% of the company’s fleet of 10,600 tractors.8 

The limited availability of zero-emission medium- and heavy-duty vehicles is borne out in CARB’s 
Emission Factor (EMFAC) Model, as well as data published by California’s Hybrid and Zero-Emission 
Truck and Bus Voucher Incentive Project (HVIP). The EMFAC model outputs provide detailed 
information as to the vehicle fleet in California, including fuel types for various vehicle classes and 
vehicle populations. Per EMFAC data, in 2024 battery electric trucks made up 0.01% of California’s 

 
 
4 McNamara, Marie; Understanding California’s Advanced Clean Fleet Regulation (July 3, 2023) https://rmi.org/understanding-
californias-advanced-clean-fleet-regulation/ 
5 Lazo, Alejandro; California abandons diesel truck ban and 3 other clean-air rules before Trump is sworn in (January 14, 2025) 
https://calmatters.org/environment/2025/01/trump-california-withdraws-diesel-clean-air-rules/ 
6 https://www.reuters.com/business/autos-transportation/tesla-semi-trucks-short-supply-pepsico-its-rivals-use-competing-ev-
big-rigs-2024-04-19/ 
7 https://electrek.co/2023/11/20/schneider-1-million-emission-free-miles-freightliner-ecascadia-electric-trucks/ 
8 https://schneider.com/resources/infographic/schneider-by-the-numbers 
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APPENDIX 1: 
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GLOSSARY OF TERMS AND ACRONYMS 

Acronym Description 
AE Alternative Energy 
BE Building Energy 
CalEEMod California Emissions Estimator Model 
Cal/EPA California Environmental Protection Agency 
CAMx Comprehensive Air Quality Model with Extensions 
CAPCOA California Air Pollution Control Officers Association 
CARB California Air Resources Board 
CEC California Energy Commission 
CEQA California Environmental Quality Act 
CEUS California Commercial End Use Survey 
CO Carbon Monoxide 
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HIA Health Impact Analysis 
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ITE Institute of Transportation Engineers 
kg Kilograms 
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PM10 Particulate Matter 10 Micrometers or less in diameter 
PM2.5 Particulate Matter 2.5 Micrometers or less in diameter 
ppm Parts per million 
RASS Residential Appliance Saturation Survey 
ROG Reactive Organic Gases 
SAFE Safer Affordable Fuel-Efficient Vehicles Rule 
SDT Site Design Transportation 
SJVAPCD San Joaquin Valley Air Pollution Control District 
SO2 Sulfur Dioxide 
SOx Oxides of Sulfur 
sqft Square Feet 
SW Solid Waste 
TPY Tons Per Year 
TRT Trip Reduction Transportation 
USEPA US Environmental Protection Agency 
VOC Volatile Organic Compounds 
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1.0 INTRODUCTION 

At the request of Friant Ranch LP, BlueScape Environmental (BlueScape) 
prepared this Air Emissions Report for pollutant emissions from the Friant 
Ranch Development Project (Project), including criteria pollutants. The Project 
consists of the Friant Ranch Specific Plan, an update to the Friant Ranch 
Community Plan, a new wastewater treatment facility, and improvements at 
such locations as the Depot Parcel. The purpose of the report is to provide the 
Project air quality modeling emissions inputs for the regional Health Impact 
Analysis (HIA). A discussion on the baseline regional emissions inputs used in 
the HIA is provided in a separate report (BlueScape 2021). 

The Air Emissions Report is organized into the following sections: 

• Section 2.0 – Project Description: The Friant Ranch Development 
Project is described in this section, including details that were used 
to complete the emission calculations. 

• Section 3.0 – Air Emissions Calculation Methods: The methods 
used to calculate criteria pollutant emissions are described in this 
section, for the Specific Plan and Community Plan, for each phase of 
Project construction and for operations. Emissions from a proposed 
new wastewater treatment plant were evaluated and determined to 
be negligible for regional impact analysis modeling, but were 
included in the HRA. This section also provides a discussion on non-
mitigated and mitigated emission scenarios. 

• Section 4.0 – Air Emissions Estimates: The emission calculations 
are summarized in this section. 

• Section 5.0 – Evaluation of Mitigation Measures: A brief 
discussion of construction and operational mitigation measures used 
in emissions modeling are described in this section.  

• Section 6.0 – Peak Daily Emissions for Health Impact 
Modeling: This section presents the peak daily criteria pollutant 
estimates that were used in HIA modeling. 

• Section 7.0 – References: includes a list of references cited in this 
report. 
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2.0 PROJECT DESCRIPTION 

The Project is located in Friant, California, in Fresno County, approximately 
five miles north of the Fresno city limits and 21 miles east of the city of Madera, 
within the Friant Community Plan Area and the Friant Specific Plan Area. In 
February 2011, the County of Fresno approved the Friant Ranch Project, a 
master planned community incorporating age-restricted (ages 55+) and non-
age restricted family and multi-family residential units, a commercial village 
center, a recreation center, trails, open spaces, parks and parkways. The 
county’s approvals included a new Specific Plan called the Friant Ranch Specific 
Plan and an update to the pre-existing Friant Community Plan.  

The proposed Project is a mixed-use development proposed by Friant Ranch 
LP (Project sponsor). The Project would develop retail, residential, and open 
space uses on a 942-acre site in Friant, California. The Project will be primarily 
residential, with up to 2,270 dwelling units age restricted to over 55, and up 
to 230 dwelling units without age restriction. 

The site is in a mostly rural area, with scattered neighborhoods and houses 
surrounding it to the northwest, northeast, and southwest. Off-site roads near 
the Project site include North Friant Road, which runs in a northwest/southwest 
direction directly along the eastern property line of the Project. North Friant 
Road becomes Millerton Road at the northern tip of the Project site where the 
direction changes to mostly an east/west direction. North Fork Road / Road 
206 branches off at the N. Friant Rd. / Millerton Rd. transition, and runs in an 
east/west direction.  

The Project also includes a land use designation and zone change for the Depot 
Parcel, which is outside of the Friant Ranch Specific Plan area, but within the 
boundaries of the 1983 Friant Community Plan area. 

Table 2-1 defines the land use types and total square footage for the proposed 
development at full-build-out, including both the Specific Plan and the 
Community Plan land use types. 
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TABLE 2-1   

FRIANT RANCH LAND USE TYPES: SPECIFIC PLAN AND COMMUNITY PLAN 
 Land Use Specific Plan Community Plan 

Type Subtype Amount Size 
Metric Population Amount Size 

Metric Population 

Commercial  Medical Office 
Building  10 1000sqft -- -- -- -- 

Commercial  Office Park 100 1000sqft -- -- -- -- 

Recreational 
Fast Food 
Restaurant w/Drive 
Thru 

5.0 1000sqft -- 10 1000sqft -- 

Recreational  Health Club 42 1000sqft -- -- -- -- 

Recreational  
High Turnover (Sit 
Down Restaurant) 

10 1000sqft -- 80 1000sqft -- 

Residential  Apartments Low 
Rise 230 

Dwelling 
Unit 658 146 

Dwelling 
Unit 418 

Residential  Condo/Townhouse 166 
Dwelling 

Unit 475 -- -- -- 

Residential 
Retirement 
Community/Single 
Family Housing 

2,104 Dwelling 
Unit 4,158 419 Dwelling 

Unit 1,198 

Retail Regional Shopping 
Center 125 1000sqft -- 74 1000sqft -- 

Commercial  Pharmacy/Drugstore 
with Drive Thru -- -- -- 50 1000sqft -- 

Recreational  City Park -- -- -- 6.1 Acre -- 

Recreational  Hotel  -- -- -- 200 Room -- 

Recreational Motel -- -- -- 25 Room -- 

Recreational Quality Restaurant -- -- -- 40 1000sqft -- 

Retail Convenience Market 
(24-hr) -- -- -- 10 1000sqft -- 

Retail Gasoline/Service 
Station -- -- -- 10 Pump -- 

Retail Strip Mall -- -- -- 100 1000sqft -- 
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3.0 EMISSION CALCULATION METHODS 

Emissions of criteria pollutants were estimated for the Friant Ranch Specific 
Plan, as well as the Community Plan and new wastewater treatment plant 
discussed in the DEIR. Emissions are revised relative to the Draft 
Environmental Impact Report (DEIR, County of Fresno, 2009) for two reasons:   

1) The DEIR used URBEMIS, an emissions model that is currently outdated, 
to estimate operational emissions for the Project. Currently, most air 
districts in California recommend the use of CalEEMod (CAPCOA, 2017), 
a more recently developed land use emissions model. 

2) The DEIR estimated emissions for the Community Plan and the full 
Specific Plan at build-out, which was projected to be in year 2020. Based 
on an updated construction start date of 2022, operational Project 
emissions are estimated for full-build out in 2031.   

This section describes the calculation of the Friant Ranch Project estimated 
emissions using CalEEMod and preparation of the model-ready Project 
emissions for regional Health Impact Analysis (HIA) modeling. Emissions of 
reactive organic gases (ROG), oxides of nitrogen (NOx), carbon monoxide 
(CO), sulfur dioxide (SO2), particulate matter 10 micrometers or less in 
diameter (PM10), and particulate matter 2.5 micrometers or less in diameter 
(PM2.5) were estimated. There are minor differences between volatile organic 
compounds (VOC) and ROG that define each term, however for purposes of 
this study we will assume they are equivalent due to the fact that air quality 
models directly calculate ROG in place of VOC. The development of Friant 
Ranch Project emissions is provided in Section 3.1. The annual unmitigated 
Friant Ranch Project emissions are summarized in Section 4.0.  

The highest peak daily Project emission rate for each pollutant was applied to 
the 2020 and 2031 background regional emissions data that is discussed 
further in the HIA report (BlueScape 2021). The 2020 scenario year represents 
the CEQA baseline for existing conditions prior to Project development. The 
2031 scenario year represents the “no project” conditions that account for 
reasonably foreseeable development that will have occurred by that year, and 
is adequate as a cumulative CEQA baseline. The 2031 year full-buildout Project 
impacts were then added to these two CEQA baseline years, to understand the 
potential specific health impacts above baseline. 

There are conservative assumptions and methodologies that were used during 
the development of Friant Ranch Project emissions, which result in 
conservatively high estimates of Project emissions and associated health 
effects. This includes a conservatively high estimate of land use areas and an 
overlap of all emissions that may happen in any given year. The operational 
emissions associated with the Specific Plan and the Community Plan were 
combined with the construction emissions to determine the highest emission 
rates for modeling. 
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First, the emissions were determined using the land use described in Section 
2 of this report, for operational year 2031. Some of the land use types 
proposed for the Community Plan in the DEIR have been adjusted based on 
more recent and accurate information. The land use was revised to remove 
the light industrial building type and more realistic estimates of the sizes of 
hotels, motels, and park areas were applied.   

Second, Friant Ranch Project emissions are estimated for each year of the 
development, from 2022 through 2031. Although 2031 is shown to be the full 
build-out year, with the highest Specific Plan and Community Plan operational 
emissions, the emissions from construction of the development were applied 
to each individual year to predict the worst-case year for health effects.  

Third, both annual and peak daily emissions are estimated for all Friant Ranch 
Project sources; however, in order to be conservative, peak daily emissions for 
each emission source are selected for modeling and are modeled throughout 
the full annual air quality model simulation. Thus, the modeled annual impacts 
and the health effects that are dependent on annual concentrations have 
incorporated layers of conservatism: 

1. Peak daily emissions for all activities occur concurrently;  
 

2. Peak daily emissions would occur over a full year; 
 

3. The highest unmitigated peak daily emissions for NOx occur in 2023, but 
the highest peak daily emissions for ROG, PM10, and PM2.5 occur in 2029. 
Highest emissions are combined and overlayed onto the 2020 existing 
conditions baseline and the 2031 Project full build-out baseline to predict 
conservative health effects; and 
 

4. Similarly, the highest mitigated peak daily emissions for NOx occur in 
2022, but the highest peak daily emissions for ROG, PM10, and PM2.5 
occur in 2029. Highest emissions are combined and overlayed onto the 
2020 existing conditions baseline and the 2031 Project full build-out 
baseline to demonstrate more likely, but still conservative, health effects 
after mitigation strategies are implemented. 

Therefore, the estimated emissions utilized for health impacts modeling should 
be considered as worst-case scenarios. 

3.1 Calculation Methodology for Friant Ranch Emissions 

Emissions associated with construction and operation of the proposed Project 
and existing development were estimated using the California Emissions 
Estimator Model (CalEEMod) version 2016.3.2. Emission estimates are based 
on CalEEMod land use types and total square feet (as shown in Table 2-1), as 
well as population. 
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Default values used in CalEEMod version 2016.3.2 are based on the California 
Energy Commission (CEC), sponsored California Commercial End Use Survey 
(CEUS), and Residential Appliance Saturation Survey (RASS) studies. 
CalEEMod provides both construction-related and operational emissions of air 
pollutants. This methodology has been subjected to peer review by numerous 
public and private stakeholders, and in particular by the CEC; and therefore, 
is considered reasonable and reliable for use in estimating air emissions for 
development projects in California. CalEEMod is considered a conservative tool 
because many of the default parameters used to calculate emissions are based 
on conservative assumptions for land use developments throughout the State 
of California to be protective of the environment and air quality standards. 

3.1.1 Construction Emissions Methodology 

Construction of the proposed Project would generate temporary air emissions, 
primarily associated with the operation of construction equipment and truck 
trips. These impacts are associated with fugitive dust (PM10 and PM2.5) from 
soil disturbance, and exhaust emissions, such as ROG, NOx, CO, SO2, and DPM 
from heavy diesel-fueled construction vehicles.  

Site preparation and grading typically generate the highest emission quantities 
because the use of heavy equipment is greatest during this phase of 
construction. Emissions associated with the construction phases were 
estimated based on the projected maximum amount of equipment that would 
be used onsite at one time, in each given year.  

The development schedule for the Specific Plan and Depot Parcel is based on 
the annual phased schedule in Table 2-2 of the DEIR and the duration and 
sequence of construction activities presented in the DEIR. Construction 
emissions are developed for the Specific Plan, phases 1 through 5 and the 
Depot Parcel. Each year of active construction in a development phase is run 
separately in CalEEMod and results for overlapping phases in the same year 
are added together to yield worst-case annual and daily emissions. 

The duration and timing of construction activities are phased in 3-year 
increments, as presented in the FEIR. The following example shows the 
construction duration for phase 1 through phase 5. 

• The first year of each phase includes grading that will occur from 
January 1 through May 2 and building construction from April 16 through 
December 31. 

• The second year of each phase includes building construction from 
January 1 through December 31. 

• The third year of each phase includes building construction from January 
1 through December 31, architectural coating from June 28 through 
October 7, and paving from October 21 through December 3. 

• In addition, the next phase of construction will begin in the second year 
of the previous phase, so construction activities occur in different 
locations, but emissions will overlap.  



Friant Ranch Community Development Project Air Emissions Report 
 

BlueScape Environmental 9 March 4, 2021 
 

The construction equipment and activities are in accordance with CalEEMod 
defaults, with slight adjustments in equipment load factors, based on those 
discussed in the FEIR. Worker, vendor, and haul trips are also based on 
CalEEMod defaults. The silt loading factor is from the California Air Resources 
Board (CARB) 2018 Miscellaneous Process Methodology 7.9 for Entrained Road 
Travel, Paved Road Dust using Fresno County data. Construction mitigation 
strategies will be discussed in a subsequent section of this report. 

After construction is complete, three types of sources will generate emissions 
at the proposed Project site. These are area sources, energy use, and Project-
generated traffic, which are defined as operational emissions. The emission 
calculation methodologies of these sources are discussed below. 

3.1.2 Operational Emissions Methodology 

Operational emissions include emissions from electricity consumption (energy 
sources), vehicle trips (mobile sources), and area sources (landscape 
equipment and consumer products use or reapplication of paint). The majority 
of operational emissions are associated with vehicle trips to and from the 
Project site.  

Area Sources 
All direct area source emissions were based on CalEEMod defaults for the 
designated land use category with the exception of consumer product 
emissions and fireplaces. For consumer products, a (VOC) emission factor was 
derived using methodology consistent with CalEEMod, but with updated 
statewide parameters. The CalEEMod default emission factor assumes 2008 
statewide VOC inventory and building square footage. An updated VOC 
inventory for 2017 was taken from CARB (CARB, 2017), and 2017 population 
estimates based on the State of California's Department of Finance 
demographic projections (DOF, 2017) were used to estimate a statewide VOC 
EF of 1.62 x 10-5 lb/sf/day for consumer products use, for 2017 going forward. 
Residential dwellings within the Specific Plan do not include wood burning 
fireplaces. However, residential dwellings within the Community Plan may have 
already been built with existing wood burning fireplaces. So, it was estimated 
that 12.4% of multi-family dwellings and 10% of single-family dwellings would 
include wood burning fireplaces. In addition, 55% of all dwelling types in the 
Specific Plan and Community Plan are assumed to have a natural gas hearth, 
consistent with CalEEMod defaults, and the remaining units have no fireplace. 
Reapplication of architectural coatings assumes 10% of each building interior 
and exterior surface area, which incorporates low VOC paints.  

Energy Use 
Residences and other land uses will use natural gas and the associated 
emissions were estimated using CalEEMod. Electricity use would contribute 
indirectly to criteria air pollutant emissions; however, the emissions from 
electricity use are only quantified for GHGs in CalEEMod. Natural gas use was 
based on CalEEMod defaults. 
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Project Traffic 
The Project would generate criteria pollutant and DPM emissions from mobile 
sources (vehicular traffic), as a result of the residents and workers associated 
with the Project. The daily vehicle miles traveled were estimated using the 
CalEEMod calculation methodology for each land use type. The daily trip rates 
are based on the Institute of Transportation Engineers (ITE) Trip Generation 
Manual, 8th edition, which are incorporated into CalEEMod as average trip rates 
for each respective land use category. However, trip lengths were adjusted to 
account for mixed-use development criteria. Under the mixed-use design 
criteria, the community is planned to create working and shopping opportunity 
within the residential development design. Therefore, trip lengths for 
residential land uses traveling for work, shopping, or other activities are 
assumed to be mainly originating from the community, with destinations within 
the community. Using a weighted average of default trip lengths and a general 
layout of the development roads, the trip lengths were adjusted. It was 
assumed that 80% of the vehicle trips would travel an average of 2 miles for 
on-community destinations and 20% of the vehicle trips would use default trip 
lengths in CalEEMod, for off-community destinations (likely to the Fresno 
area). 

Project-related traffic was assumed to include a mixture of vehicles in 
accordance with the fleet mix distribution values defined by CARB’s EMission 
FACtor Model (EMFAC) (CARB 2017). Emission factors representing the vehicle 
mix and emissions for each year were adjusted using EMFAC2017 emission 
factors for the Fresno/San Joaquin Valley region, with the Safer Affordable 
Fuel-Efficient (SAFE) Vehicles Rule emission factor adjustment. A comma-
separated value (csv) file was generated for each year of the development 
Project duration, from 2022 through 2031 and imported into the CalEEMod 
model for the calculation of vehicle emissions.  

4.0 AIR EMISSIONS ESTIMATES 

Full Project build-out emissions are presented, consistent with the Friant 
Community Plan Update & Friant Ranch Specific Plan DEIR (County of Fresno 
2009). Emissions were calculated assuming full Project build-out of residential 
and commercial areas in 2031 noting that, according to the Project sponsor, 
the Project will be developed in phases over multiple years. The Depot Parcel 
will be developed after the full build-out year in 2032 or 2033 in a much smaller 
area than previous Project phases, and construction-related emissions will be 
much less than in the 2031 full build-out year. Operational emissions will be 
slightly less in 2022 and 2023 and the Depot Parcel will add little to operational 
emissions. Therefore, the Depot Parcel was not included in the operational air 
emissions estimates. The unmitigated annual construction emissions for the 
Friant Ranch Specific Plan are presented in Table 4-1. Emissions are shown for 
each of the phases for Project build-out, from 2022 through 2031. 
 

 



Friant Ranch Community Development Project Air Emissions Report 
 

BlueScape Environmental 11 March 4, 2021 
 

TABLE 4-1   
ANNUAL UNMITIGATED CONSTRUCTION EMISSIONS 

Year 

Friant Ranch - Annual Construction Emissions - Unmitigated (tons/year) 

Phase ROG NOx CO SO2 
Fug 

PM10 
Exh 

PM10 
Total 
PM10 

Fug 
PM2.5 

Exh 
PM2.5 

Total 
PM2.5 

Total 
2022 P1 0.551 4.92 5.11 0.010 0.778 0.220 0.997 0.206 0.203 0.410 
Total 
2023 P1, P2 0.987 8.73 9.63 0.019 1.20 0.375 1.57 0.320 0.347 0.667 

2023 P1 0.390 3.11 3.91 0.008 0.182 0.129 0.311 0.049 0.120 0.170 
2023 P2 0.597 5.62 5.72 0.011 1.01 0.245 1.26 0.271 0.227 0.498 

Total 
2024 P1, P2 3.13 6.07 7.83 0.016 0.285 0.245 0.529 0.077 0.228 0.305 

2024 P1 2.779 3.14 4.11 0.008 0.161 0.129 0.290 0.044 0.120 0.163 
2024 P2 0.347 2.93 3.73 0.007 0.123 0.116 0.239 0.033 0.108 0.141 

Total 
2025 P2, P3 0.767 6.51 8.33 0.017 0.916 0.251 1.17 0.254 0.233 0.487 

2025 P2 0.345 2.83 3.78 0.008 0.185 0.101 0.285 0.050 0.094 0.144 
2025 P3 0.422 3.69 4.54 0.009 0.731 0.151 0.882 0.204 0.139 0.343 

Total 
2026 P2, P3 5.07 5.67 7.63 0.016 0.267 0.212 0.479 0.072 0.198 0.270 

2026 P2 4.74 2.91 3.95 0.008 0.119 0.112 0.231 0.032 0.104 0.136 
2026 P3 0.329 2.76 3.68 0.008 0.148 0.100 0.249 0.040 0.093 0.134 

Total 
2027 P3, P4 3.88 6.96 8.87 0.018 1.14 0.271 1.41 0.281 0.251 0.532 

2027 P3 3.42 2.96 3.97 0.008 0.143 0.112 0.255 0.039 0.104 0.143 
2027 P4 0.460 4.00 4.90 0.010 0.996 0.159 1.15 0.242 0.147 0.389 

Total 
2028 P4 0.354 2.95 3.82 0.009 0.251 0.101 0.351 0.068 0.094 0.161 
Total 
2029 P4, P5 4.63 7.64 9.70 0.020 0.960 0.295 1.26 0.265 0.274 0.539 

2029 P4 4.08 2.85 3.83 0.007 0.073 0.112 0.185 0.020 0.104 0.124 
2029 P5 0.553 4.78 5.88 0.013 0.887 0.183 1.07 0.245 0.170 0.415 

Total 
2030 P5 0.312 1.59 3.41 0.008 0.113 0.029 0.142 0.031 0.029 0.060 
Total 
2031 P5 3.49 1.66 3.64 0.008 0.057 0.037 0.093 0.015 0.037 0.052 
Depot 
2032 P6 0.191 0.955 1.804 0.004 0.230 0.024 0.254 0.116 0.024 0.140 
Depot 
2033 P6 0.247 0.430 0.822 0.002 0.022 0.010 0.032 0.006 0.010 0.016 

Note: Fug PM10/PM2.5 represents fugitive (dust) particulate matter and Exh PM10/PM2.5 represents exhaust 
particulate matter. 
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The unmitigated annual operational emissions for the Friant Ranch Specific 
Plan and the Friant Community Plan are presented in Table 4-2. 
 

TABLE 4-2   
ANNUAL UNMITIGATED OPERATIONAL CRITERIA POLLUTANT EMISSIONS 

Friant Ranch Specific Plan 

Category 

2031 

ROG NOx  CO SO2 PM10 PM2.5 

Tons/Year 

Area (Total) 10.7 1.15 18.9 0.007 0.179 0.179 

Architectural Coatings 1.36 0 0 0 0 0 

Consumer Products 8.65 0 0 0 0 0 

Hearth 0.109 0.935 0.398 0.006 0.076 0.076 

Landscaping 0.554 0.214 18.5 0.001 0.103 0.103 

Energy (Natural Gas) 0.247 2.13 1.07 0.014 0.171 0.171 

Mobile (Total) 4.90 4.00 27.0 0.062 7.86 2.13 

Specific Plan Total 15.8 7.28 46.9 0.083 8.21 2.48 

         
Friant Community Plan 

Category 

2031 

ROG NOx CO SO2 PM10 PM2.5 

Tons/Year 

Area (Total) 6.36 0.350 9.83 0.020 0.946 0.946 

Architectural Coatings 0.846 0 0 0 0 0 

Consumer Products 4.75 0 0 0 0 0 

Hearth 0.636 0.302 5.64 0.020 0.923 0.923 

Landscaping 0.126 0.048 4.19 0.0002 0.023 0.023 

Energy (Natural Gas) 0.277 2.48 1.84 0.015 0.192 0.192 

Mobile (Total) 11.7 39.6 69.4 0.182 13.4 3.78 

Community Plan Total 18.3 42.4 81.0 0.217 14.5 4.91 

Friant Ranch Specific Plan and Community Plan 
Unmitigated  
Project Total 34.2 49.7 128 0.300 22.8 7.40 

 
A summary of the total annual emissions for each year of the development 
Project are shown below in Table 4-3 for the Specific Plan, Community Plan, 
and Construction. 
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TABLE 4-3   
UNMITIGATED ANNUAL OPERATION AND CONSTRUCTION 

 

ROG NOx CO SO2 Fug PM10 Exh PM10 Total PM10 Fug PM2.5 Exh PM2.5 Total PM2.5

2022 1.91 0.99 5.97 0.010 0.784 0.043 0.827 0.210 0.043 0.253
2023 3.70 1.81 11.4 0.020 1.57 0.082 1.65 0.420 0.081 0.501
2024 5.41 2.60 16.5 0.029 2.35 0.121 2.47 0.630 0.120 0.750
2025 7.04 3.34 21.4 0.038 3.13 0.161 3.29 0.839 0.160 1.00
2026 8.62 4.05 26.0 0.046 3.92 0.201 4.12 1.05 0.199 1.25
2027 10.2 4.91 30.5 0.055 4.70 0.254 4.95 1.26 0.252 1.51
2028 11.8 5.37 34.7 0.061 5.48 0.277 5.76 1.47 0.275 1.74
2029 13.1 6.02 38.8 0.069 6.26 0.315 6.58 1.68 0.312 1.99
2030 14.5 6.65 42.9 0.076 7.04 0.352 7.40 1.89 0.350 2.24
2031 15.8 7.28 46.9 0.083 7.82 0.389 8.21 2.10 0.387 2.48

ROG NOx CO SO2 Fug PM10 Exh PM10 Total PM10 Fug PM2.5 Exh PM2.5 Total PM2.5

2022 25.5 51.7 104 0.266 13.2 1.47 14.7 3.58 1.45 5.03
2023 24.0 46.9 100 0.258 13.2 1.38 14.6 3.58 1.37 4.95
2024 23.0 46.1 96.6 0.253 13.2 1.38 14.6 3.58 1.37 4.95
2025 22.1 45.3 93.2 0.246 13.2 1.38 14.6 3.58 1.36 4.94
2026 21.4 44.6 90.6 0.241 13.2 1.37 14.6 3.58 1.36 4.94
2027 20.7 44.0 88.1 0.235 13.2 1.37 14.6 3.58 1.36 4.93
2028 20.0 43.5 85.9 0.230 13.2 1.36 14.6 3.58 1.35 4.93
2029 19.4 43.0 84.0 0.225 13.2 1.36 14.6 3.58 1.35 4.92
2030 18.9 42.7 82.4 0.221 13.2 1.35 14.5 3.58 1.34 4.92
2031 18.3 42.4 81.0 0.217 13.2 1.35 14.5 3.58 1.34 4.91

ROG NOx CO SO2 Fug PM10 Exh PM10 Total PM10 Fug PM2.5 Exh PM2.5 Total PM2.5

2022 0.551 4.92 5.11 0.010 0.778 0.220 1.00 0.206 0.203 0.410
2023 0.987 8.73 9.63 0.019 1.20 0.375 1.57 0.320 0.347 0.667
2024 3.13 6.07 7.83 0.016 0.285 0.245 0.53 0.077 0.228 0.305
2025 0.767 6.51 8.33 0.017 0.92 0.251 1.17 0.254 0.233 0.487
2026 5.07 5.67 7.63 0.016 0.267 0.212 0.48 0.072 0.198 0.270
2027 3.88 6.96 8.87 0.018 1.14 0.271 1.41 0.281 0.251 0.532
2028 0.354 2.95 3.82 0.009 0.251 0.101 0.35 0.068 0.094 0.161
2029 4.63 7.64 9.70 0.020 0.960 0.295 1.26 0.265 0.274 0.539
2030 0.312 1.59 3.41 0.008 0.113 0.029 0.14 0.031 0.029 0.060
2031 3.49 1.66 3.64 0.008 0.057 0.037 0.09 0.015 0.037 0.052

ROG NOx CO SO2 Fug PM10 Exh PM10 Total PM10 Fug PM2.5 Exh PM2.5 Total PM2.5

2022 28.0 57.6 115 0.286 14.8 1.73 16.5 4.00 1.70 5.70
2023 28.7 57.4 121 0.297 16.0 1.84 17.8 4.32 1.80 6.12
2024 31.6 54.8 121 0.297 15.8 1.75 17.6 4.29 1.72 6.00
2025 30.0 55.1 123 0.301 17.2 1.79 19.0 4.67 1.76 6.43
2026 35.1 54.4 124 0.302 17.4 1.79 19.2 4.70 1.76 6.46
2027 34.7 55.9 127 0.308 19.0 1.89 20.9 5.12 1.86 6.98
2028 32.1 51.8 124 0.300 18.9 1.74 20.7 5.11 1.72 6.83
2029 37.1 56.7 133 0.314 20.4 1.97 22.4 5.52 1.93 7.45
2030 33.6 50.9 129 0.304 20.3 1.73 22.1 5.49 1.72 7.21
2031 37.6 51.3 132 0.308 21.1 1.77 22.8 5.69 1.76 7.45

Year
Friant Ranch - Total Annual Construction Emissions - Unmitigated  (tons/year)

Year
Specific Plan - Total Operational Emissions - Unmitigated (tons/year)

Year
Community Plan - Total Operational Emissions - Unmitigated  (tons/year)

Year
Friant Ranch - Total Annual Operational and Construction Emissions - Unmitigated  (tons/year)
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5.0 EVALUATION OF MITIGATION STRATEGIES 

Construction mitigation strategies would mainly rely on the use of construction 
equipment considered construction clean fleet, to comply with the emission 
reductions required by SJVAPCD District Rule 9510: Indirect Source Review 
(ISR). The rule requires construction equipment greater than fifty (50) 
horsepower to reduce construction equipment emissions by 20% of the total 
NOx emissions and by 45% of the total PM10 exhaust emissions. Although the 
construction fleet will vary based on the phase and subphase of construction 
activity, a combination of Tier 3 and Tier 4 engines were modeled to 
demonstrate the overall emission reductions. Lower emitting equipment or 
add-on control technology may become more readily available in future 
construction years. 

Construction mitigation measures to comply with SJVAPCD District Rule 8021 
were also included to demonstrate the reduction of fugitive dust emissions 
associated with the Project. At a minimum, watering of disturbed areas at least 
3 times per day or as necessary; and limiting vehicle travel speeds on unpaved 
roads within the construction areas to a maximum of 15 miles per hour were 
incorporated.   

Operational mitigation strategies were incorporated to quantify the reduction 
in emissions due to the SJVAPCD District Rule 9510: Indirect Source Review 
(ISR) strategies. The CAPCOA traffic mitigation measures have been 
incorporated into CalEEMod and correlate well with the ISR mitigation 
measures. 

LUT-1 / Mitigation Measure 2a: Increase Density was applied as 2,000 dwelling 
units (du) within ½-mile radius (3.98 du/acre) and 1,500 jobs within ½-mile 
radius (2.9 jobs/acre). 

LUT-3 / Mitigation Measure 2b: Increase Diversity can be included if the Project 
contains various land uses, such as office, commercial, institutional, and 
residential land uses present within ¼ mile. 

LUT-9 / Mitigation Measure 2c: Improve Walkability Design included a 
calculation of 3-way and 4-way intersections compared to the distance from 
the center of the Project to its farthest boundary. This value was calculated to 
be 5.62 intersections per square mile. 

LUT-4 / Mitigation Measure 2d: Improve Destination Accessibility was applied 
as the distance to downtown per job center is within ¼ mile. 

LUT-5 / Mitigation Measure 2e: Increase Transit Accessibility was applied as 
the distance to a transit station is within ¼ mile. 

SDT-1 / Mitigation Measure 3a: Improve Pedestrian Network was applied as 
providing a pedestrian access network within the Project site and connecting 
off-site. 



Friant Ranch Community Development Project Air Emissions Report 
 

BlueScape Environmental 15 March 4, 2021 
 

SDT-2 / Mitigation Measure 3b: Provide Traffic Calming Measures was applied 
as 100% of streets containing improvements within ½ mile of the Project site 
and 25% of intersections improved within ½ mile of the Project site. 

SDT-3 / Mitigation Measure 3c: Implement Neighborhood Electric Vehicle 
(NEV) Network was included for the Project. 

TRT-6 / Mitigation Measure 5c: Encourage Telecommuting and Alternative 
Work Schedules included 25% of employees to participate in telecommuting 
1.5 days per week. 

A-1 / Mitigation Measure 7b: Landscape Equipment included 3% electric 
lawnmower, leaf blower, and chainsaws. 

BE-1 / Mitigation Measure 7a: Exceed Title 24 included as a minimum of 7% 
improvement over the 2016 building standards as applied by CalEEMod. 

LE-1 / Mitigation Measure 7a: Install High Efficiency Lighting applied as a 20% 
reduction in energy use. 

AE-1, AE-2, AE-3 / Mitigation Measure 8: Solar Panels are incorporated as 3 
kW times the number of dwelling units, or a maximum of 7,500 kWh for 2031.  

SW-1 would institute recycling and composting services to provide a reduction 
of 50% to 75% of the total waste disposed. 

Use of low VOC paints will be included in the baseline scenario, but additional 
mitigation is considered for SJV Rule 4601, which requires a VOC limit of 50 
g/L for flat and non-flat coatings, effective after 1/1/2022.  

These mitigation strategies were quantified to demonstrate emission 
reductions, using the CalEEMod model. Mitigation strategies that were defined 
in the FEIR are now considered outdated, but are shown with the newer ISR 
reduction strategies, submitted in 2019. The comparison of FEIR mitigation 
strategies and those applied based on the ISR application is shown in Table   
A-1 in Appendix A. 

The mitigated annual construction emissions for the Friant Ranch Specific Plan 
are presented in Table 5-1. Emissions are shown for each of the phases of 
Project build-out, from 2022 through 2031. 
 
  



Friant Ranch Community Development Project Air Emissions Report 
 

BlueScape Environmental 16 March 4, 2021 
 

TABLE 5-1   
ANNUAL MITIGATED CONSTRUCTION EMISSIONS 

Year 

Friant Ranch - Annual Construction Emissions - Mitigated (tons/year) 

Phase ROG NOx CO SO2 
Fug 

PM10 
Exh 

PM10 
Total 
PM10 

Fug 
PM2.5 

Exh 
PM2.5 

Total 
PM2.5 

Total 
2022 P1 0.293 3.86 5.42 0.010 0.086 0.190 0.475 0.104 0.085 0.189 
Total 
2023 P1, P2 0.483 5.07 10.6 0.019 0.610 0.209 0.819 0.163 0.209 0.373 

2023 P1 0.210 1.01 4.19 0.008 0.182 0.027 0.209 0.049 0.027 0.076 
2023 P2 0.273 4.06 6.37 0.011 0.428 0.183 0.611 0.114 0.183 0.297 

Total 
2024 P1, P2 2.77 2.92 8.50 0.016 0.285 0.121 0.405 0.077 0.120 0.197 

2024 P1 2.60 1.18 4.43 0.008 0.161 0.039 0.200 0.044 0.038 0.082 
2024 P2 0.170 1.74 4.06 0.007 0.123 0.082 0.205 0.033 0.082 0.115 

Total 
2025 P2, P3 0.368 4.16 9.26 0.017 0.506 0.195 0.700 0.139 0.194 0.334 

2025 P2 0.187 1.85 4.16 0.008 0.185 0.081 0.266 0.050 0.081 0.131 
2025 P3 0.181 2.31 5.09 0.009 0.321 0.113 0.434 0.089 0.113 0.203 

Total 
2026 P2, P3 4.73 2.84 8.41 0.016 0.267 0.111 0.378 0.072 0.111 0.183 

2026 P2 4.55 1.05 4.34 0.008 0.119 0.030 0.149 0.032 0.030 0.062 
2026 P3 0.171 1.79 4.06 0.008 0.148 0.081 0.229 0.040 0.081 0.121 

Total 
2027 P3, P4 3.44 3.68 9.84 0.018 0.603 0.149 0.752 0.153 0.149 0.302 

2027 P3 3.25 1.99 4.36 0.008 0.143 0.096 0.239 0.039 0.096 0.135 
2027 P4 0.188 1.70 5.48 0.010 0.460 0.053 0.513 0.114 0.053 0.167 

Total 
2028 P4 0.197 1.98 4.20 0.009 0.251 0.081 0.332 0.068 0.081 0.149 
Total 
2029 P4, P5 4.17 4.98 10.8 0.020 0.551 0.236 0.788 0.151 0.236 0.388 

2029 P4 3.91 1.88 4.22 0.007 0.073 0.097 0.170 0.020 0.097 0.116 
2029 P5 0.261 3.10 6.55 0.013 0.478 0.140 0.618 0.132 0.140 0.271 

Total 
2030 P5 0.122 0.878 3.93 0.008 0.113 0.011 0.125 0.031 0.011 0.042 
Total 
2031 P5 3.28 0.985 4.16 0.008 0.057 0.026 0.082 0.015 0.026 0.041 
Depot 
2032 P6 0.063 0.671 2.22 0.004 0.111 0.018 0.129 0.051 0.018 0.069 
Depot 
2033 P6 0.202 0.318 0.943 0.002 0.022 0.009 0.031 0.006 0.009 0.015 

Note: Fug PM10/PM2.5 represents fugitive (dust) particulate matter and Exh PM10/PM2.5 represents exhaust 
particulate matter. 
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Mitigated Specific Plan and Community Plan operational emissions for 2031 are 
shown in Table 5-2, which demonstrates the annual reduction in each pollutant 
by using the mitigation strategies defined above. 
 

TABLE 5-2   
ANNUAL MITIGATED OPERATIONAL CRITERIA POLLUTANT EMISSIONS 
Friant Ranch Community: Operational Criteria Pollutant Emissions (tons/year)  

Friant Ranch Specific Plan 

Category 

2031 
ROG NOx  CO SO2 PM10 PM2.5 

tons 

Area (Total) 10.2 1.15 18.8 0.007 0.178 0.178 

Architectural Coatings 0.892 0 0 0 0 0 

Consumer Products 8.65 0 0 0 0 0 

Hearth 0.109 0.935 0.398 0.006 0.076 0.076 

Landscaping 0.546 0.212 18.4 0.001 0.102 0.102 

Energy (Natural Gas) 0.234 2.02 1.01 0.013 0.162 0.162 

Mobile (Total) 4.84 3.60 24.7 0.052 6.45 1.75 

Specific Plan Total 15.3 6.77 44.5 0.071 6.79 2.09 

Mitigation Reduction % 3.51 6.96 5.17 13.6 17.4 15.8 

         
Friant Community Plan 

Category 
2031 

ROG NOx CO SO2 PM10 PM2.5 
tons 

Area (Total) 5.34 0.259 4.25 0.002 0.040 0.040 

Architectural Coatings 0.445 0 0 0 0 0 

Consumer Products 4.75 0 0 0 0 0 

Hearth 0.025 0.211 0.090 0.001 0.017 0.017 

Landscaping 0.124 0.048 4.16 0.0002 0.023 0.023 

Energy (Natural Gas) 0.277 2.48 1.84 0.015 0.192 0.192 

Mobile (Total) 11.6 37.7 66.8 0.165 11.8 3.33 

Community Plan Total 17.2 40.5 72.9 0.181 12.1 3.56 

Mitigation Reduction % 5.99 4.58 9.99 16.5 17.1 27.5 

Friant Ranch Specific Plan and Community Plan 

Project Total 32.5 47.2 117 0.253 18.8 5.65 

 

A summary of the total annual mitigated emissions for each year of the 
development Project are shown below in Table 5-3 for the Specific Plan, 
Community Plan, and Construction. 
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TABLE 5-3   
MITIGATED ANNUAL OPERATION AND CONSTRUCTION EMISSIONS 

 

ROG NOx CO SO2 Fug PM10 Exh PM10 Total PM10 Fug PM2.5 Exh PM2.5 Total PM2.5

2022 1.85 0.90 5.59 0.009 0.642 0.041 0.683 0.172 0.041 0.213
2023 3.58 1.67 10.7 0.017 1.28 0.078 1.36 0.344 0.077 0.421
2024 5.23 2.40 15.6 0.025 1.93 0.116 2.04 0.516 0.115 0.631
2025 6.81 3.09 20.1 0.032 2.57 0.154 2.72 0.688 0.153 0.841
2026 8.34 3.75 24.6 0.039 3.21 0.192 3.40 0.860 0.191 1.05
2027 9.83 4.57 28.8 0.047 3.85 0.245 4.09 1.03 0.243 1.27
2028 11.3 4.98 32.8 0.053 4.49 0.266 4.76 1.20 0.264 1.47
2029 12.6 5.59 36.8 0.059 5.13 0.303 5.43 1.37 0.300 1.67
2030 14.0 6.18 40.7 0.065 5.77 0.339 6.11 1.55 0.336 1.88
2031 15.3 6.77 44.5 0.071 6.41 0.374 6.79 1.72 0.372 2.09

ROG NOx CO SO2 Fug PM10 Exh PM10 Total PM10 Fug PM2.5 Exh PM2.5 Total PM2.5

2022 24.3 49.0 94.5 0.225 11.6 0.531 12.2 3.16 0.515 3.67
2023 22.9 44.6 91.1 0.218 11.6 0.454 12.1 3.16 0.442 3.60
2024 21.9 43.9 87.6 0.213 11.6 0.451 12.1 3.16 0.439 3.60
2025 21.0 43.1 84.5 0.207 11.6 0.447 12.1 3.16 0.436 3.59
2026 20.2 42.5 82.0 0.203 11.6 0.444 12.1 3.16 0.432 3.59
2027 19.5 41.9 79.6 0.198 11.6 0.439 12.1 3.16 0.428 3.58
2028 18.9 41.5 77.6 0.193 11.6 0.434 12.1 3.16 0.423 3.58
2029 18.3 41.0 75.7 0.188 11.6 0.429 12.1 3.15 0.419 3.57
2030 17.8 41.0 74.6 0.187 11.9 0.428 12.3 3.22 0.418 3.64
2031 17.2 40.5 72.9 0.181 11.6 0.421 12.1 3.15 0.411 3.56

ROG NOx CO SO2 Fug PM10 Exh PM10 Total PM10 Fug PM2.5 Exh PM2.5 Total PM2.5

2022 0.293 3.86 5.42 0.010 0.086 0.190 0.475 0.104 0.085 0.189
2023 0.483 5.07 10.6 0.019 0.610 0.209 0.819 0.163 0.209 0.373
2024 2.77 2.92 8.50 0.016 0.285 0.121 0.405 0.077 0.120 0.197
2025 0.368 4.16 9.26 0.017 0.506 0.195 0.700 0.139 0.194 0.334
2026 4.73 2.84 8.41 0.016 0.267 0.111 0.378 0.072 0.111 0.183
2027 3.44 3.68 9.84 0.018 0.603 0.149 0.752 0.153 0.149 0.302
2028 0.197 1.98 4.20 0.009 0.251 0.081 0.332 0.068 0.081 0.149
2029 4.17 4.98 10.8 0.020 0.551 0.236 0.788 0.151 0.236 0.388
2030 0.122 0.878 3.93 0.008 0.113 0.011 0.125 0.031 0.011 0.042
2031 3.28 0.985 4.16 0.008 0.057 0.026 0.082 0.015 0.026 0.041

ROG NOx CO SO2 Fug PM10 Exh PM10 Total PM10 Fug PM2.5 Exh PM2.5 Total PM2.5

2022 26.5 53.7 106 0.244 12.4 0.761 13.3 3.43 0.64 4.07
2023 27.0 51.3 112 0.254 13.5 0.741 14.3 3.67 0.73 4.39
2024 29.9 49.2 112 0.254 13.9 0.688 14.5 3.75 0.67 4.42
2025 28.2 50.4 114 0.257 14.7 0.796 15.5 3.98 0.78 4.77
2026 33.3 49.1 115 0.257 15.1 0.747 15.9 4.09 0.73 4.82
2027 32.8 50.2 118 0.263 16.1 0.833 16.9 4.34 0.82 5.16
2028 30.4 48.4 115 0.254 16.4 0.781 17.2 4.43 0.77 5.19
2029 35.1 51.6 123 0.267 17.3 0.968 18.3 4.68 0.96 5.64
2030 31.9 48.0 119 0.261 17.8 0.778 18.5 4.80 0.77 5.56
2031 35.8 48.2 122 0.260 18.1 0.821 18.9 4.89 0.81 5.69

Year
Friant Ranch - Total Annual Construction Emissions - Mitigated  (tons/year)

Year
Friant Ranch - Total Annual Operational and Construction Emissions - Mitigated  (tons/year)

Year
Specific Plan - Total Operational Emissions - Mitigated (tons/year)

Year
Community Plan - Total Operational Emissions - Mitigated  (tons/year)
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6.0 PEAK DAILY EMISSIONS FOR HEALTH IMPACT MODELING 

Peak daily emissions are required for regional Health Impact Analysis (HIA) 
modeling. To determine the highest peak daily emissions, the combined 
operational plus construction emissions for each year were evaluated. The 
highest peak daily emission rate for each pollutant was applied to the 2020 
and 2031 background regional emissions data to demonstrate the most 
conservative health impacts. The 2020 and 2031 regional emissions data 
inputs used for the HIA were developed from modeling information obtained 
from CARB, as developed for the San Joaquin Valley 2018 PM2.5 State 
Implementation Plan (SJVAPCD 2018). A discussion on the regional emissions 
inputs to the HIA is provided in the separate HIA report (BlueScape 2021). 

Without the Project emissions included, the 2020 scenario year represents the 
CEQA baseline for existing conditions prior to Project development. The 2031 
scenario year represents the “no project” conditions that account for 
reasonably foreseeable development that will have occurred by that year, and 
is adequate as a cumulative CEQA baseline. The 2031 year full-buildout Project 
impacts were then added to these two CEQA baseline years, to understand the 
potential specific health impacts above baseline. 

The following tables show unmitigated and mitigated peak daily emissions for 
operational and construction emissions combined. Table 6-1 shows the 
unmitigated peak daily emissions and then the mitigated peak daily emissions 
that were applied to the regional health impact model, for the Project. 
Construction emissions and operational emissions are defined separately, by 
source category. Peak daily NOx emissions occur in year 2023 for the 
unmitigated scenario and year 2022 for the mitigated scenario. Peak daily ROG 
and PM emissions occur in year 2029 for both the unmitigated and mitigated 
scenarios. Although operational emissions associated with the Specific Plan 
and Community Plan are highest at Project build-out, year 2031, the 
combination of construction emissions with operational emissions in these 
years (2022, 2023 and 2029) represents a worst-case peak day scenario for 
those pollutants. 
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TABLE 6-1   
PEAK DAILY OPERATION AND CONSTRUCTION EMISSIONS 

Category 

Peak Day Unmitigated Emissions (lb/day) 

ROG NOx 
Fugitive 

PM10 
Exhaust 

PM10 
Fugitive 

PM2.5 
Exhaust 

PM2.5 

  
Construction 

On-Road Mobile 0.773 3.13 2.59 0.014 0.699 0.013 
Off-Road Mobile 9.36 111 15.6 4.10 4.34 3.79 
Area/Energy 104 0 0 0 0 0 

  
Operational (Specific Plan plus Community Plan) 

On-Road Mobile 127 294 124 1.59 33.4 1.51 
Off-Road Mobile 0 0 0 0 0 0 
Area/Energy 101 28.9 0 27.0 0 27.0 

Total 342 438 142 32.7 38.4 32.3 

       
       

Category 

Peak Day Mitigated Emissions (lb/day) 

ROG NOx 
Fugitive 

PM10 
Exhaust 

PM10 
Fugitive 

PM2.5 
Exhaust 

PM2.5 

  
Construction 

On-Road Mobile 0.773 2.63 2.59 0.014 0.699 0.013 
Off-Road Mobile 3.83 60.4 6.08 3.49 1.69 3.49 
Area/Energy 104 0 0 0 0 0 

  
Operational (Specific Plan plus Community Plan) 

On-Road Mobile 126 304 107 1.42 28.8 1.35 
Off-Road Mobile 0 0 0 0 0 0 
Area/Energy 81.8 22.9 0 4.82 0 4.82 

Total 316 389 115 9.74 31.2 9.66 
Note: Area source exhaust PM originates from natural gas combustion and landscaping. 

Table 6-2 shows the unmitigated peak daily emissions, on an annual basis from 
2022 through 2031. The maximum daily emission rate for each pollutant was 
selected for the peak daily rate. Table 6-3 shows the mitigated peak daily 
emissions, on an annual basis from 2022 through 2031. These tables include 
all of the criteria pollutant emissions, but since contributions to regional ozone 
and fine particulate are minimal, CO and SO2 were not included in the regional 
HIA modeling. 
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TABLE 6-2   
UNMITIGATED PEAK DAILY OPERATION AND CONSTRUCTION 

Year 

Friant Ranch - Total Peak Daily Operational Emissions - Unmitigated (lb/day) 

ROG NOx CO SO2 
Fug 

PM10 
Exh 

PM10 
Total 
PM10 

Fug 
PM2.5 

Exh 
PM2.5 

Total 
PM2.5 

2022 199 346 869 2.13 89.0 26.3 115 24.1 26.2 50.3 
2023 201 323 888 2.15 94.0 26.2 120 25.4 26.1 51.5 
2024 205 325 905 2.18 99.0 26.6 126 26.7 26.5 53.3 
2025 209 326 922 2.21 104 27.0 131 28.1 26.9 55.0 
2026 213 328 943 2.24 109 27.4 136 29.4 27.3 56.7 
2027 219 334 965 2.29 114 28.2 142 30.7 28.1 58.8 
2028 224 332 985 2.29 119 28.2 147 32.1 28.1 60.2 
2029 228 335 1,008 2.32 124 28.5 153 33.4 28.5 61.9 
2030 233 338 1,032 2.34 129 28.9 158 34.7 28.8 63.6 
2031 237 342 1,057 2.38 134 29.3 163 36.1 29.2 65.3 

           

Year 

Friant Ranch - Total Peak Daily Construction Emissions - Unmitigated (lb/day) 

ROG NOx CO SO2 
Fug 

PM10 
Exh 

PM10 
Total 
PM10 

Fug 
PM2.5 

Exh 
PM2.5 

Total 
PM2.5 

2022 9.09 83.2 83.0 0.155 16.5 3.76 20.3 4.38 3.47 7.84 
2023 12.6 114 122 0.235 19.0 4.94 23.9 5.06 4.57 9.63 
2024 72.2 56.2 72.5 0.138 2.36 2.41 4.74 0.636 2.24 2.87 
2025 10.1 86.2 107 0.217 17.7 3.46 21.2 4.94 3.20 8.14 
2026 127 53.7 71.6 0.140 2.19 2.16 4.36 0.591 2.01 2.60 
2027 95.5 98.6 121 0.241 22.8 4.09 26.8 5.54 3.78 9.31 
2028 2.78 22.7 30.0 0.070 1.98 0.773 2.75 0.535 0.719 1.25 
2029 114 99.2 122 0.242 18.2 4.12 22.3 5.04 3.81 8.85 
2030 2.41 12.2 26.3 0.062 0.89 0.223 1.11 0.241 0.223 0.463 
2031 90.2 21.4 42.3 0.084 0.58 0.67 1.25 0.156 0.668 0.824 

           

Year 

Friant Ranch - Total Peak Daily Operational and Construction Emissions - Unmitigated (lb/day) 

ROG NOx CO SO2 
Fug 

PM10 
Exh 

PM10 
Total 
PM10 

Fug 
PM2.5 

Exh 
PM2.5 

Total 
PM2.5 

2022 209 429 952 2.28 105 30.1 136 28.4 29.7 58.1 
2023 214 438 1,009 2.39 113 31.2 144 30.5 30.7 61.2 
2024 277 381 977 2.32 101 29.0 130 27.4 28.8 56.1 
2025 219 412 1,029 2.42 122 30.5 152 33.0 30.1 63.1 
2026 341 382 1,015 2.38 111 29.6 141 30.0 29.3 59.3 
2027 314 433 1,087 2.53 137 32.3 169 36.3 31.9 68.1 
2028 226 355 1,015 2.36 121 28.9 150 32.6 28.8 61.4 
2029 342 434 1,130 2.56 142 32.7 175 38.4 32.3 70.7 
2030 235 350 1,058 2.41 130 29.2 159 35.0 29.1 64.0 
2031 328 364 1,100 2.46 135 30.0 165 36.2 29.9 66.1 
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TABLE 6-3   
MITIGATED PEAK DAILY OPERATION AND CONSTRUCTION 

Year 

Friant Ranch - Total Peak Daily Operational Emissions -Mitigated (lb/day) 

ROG NOx CO SO2 
Fug 

PM10 
Exh 

PM10 
Total 
PM10 

Fug 
PM2.5 

Exh 
PM2.5 

Total 
PM2.5 

2022 181 326 707 1.53 78.2 4.02 82.2 21.1 3.92 25.1 
2023 182 306 725 1.55 82.3 3.95 86.2 22.2 3.87 26.1 
2024 186 308 741 1.57 86.4 4.34 90.7 23.3 4.26 27.6 
2025 190 309 759 1.60 90.5 4.73 95.2 24.4 4.65 29.1 
2026 194 311 778 1.62 94.5 5.12 99.7 25.5 5.04 30.5 
2027 199 317 800 1.67 98.6 5.86 105 26.6 5.78 32.4 
2028 203 315 819 1.67 103 5.87 109 27.7 5.79 33.5 
2029 208 318 841 1.69 107 6.24 113 28.8 6.16 34.9 
2030 212 323 866 1.73 112 6.63 119 30.3 6.56 36.8 
2031 217 325 888 1.75 115 6.99 122 31.0 6.91 37.9 

           

Year 

Friant Ranch - Total Peak Daily Construction Emissions - Mitigated (lb/day) 

ROG NOx CO SO2 
Fug 

PM10 
Exh 

PM10 
Total 
PM10 

Fug 
PM2.5 

Exh 
PM2.5 

Total 
PM2.5 

2022 4.55 63.0 87.0 0.155 7.48 1.50 8.98 1.99 1.47 3.45 
2023 5.94 72.4 134.0 0.235 8.75 3.10 11.8 2.34 3.10 5.44 
2024 69.5 31.5 78.4 0.138 2.36 1.57 3.90 0.64 1.57 2.20 
2025 4.53 54.7 119 0.217 8.29 2.60 10.9 2.30 2.60 4.90 
2026 125 32.1 78.4 0.140 2.19 1.59 3.78 0.59 1.59 2.18 
2027 89.7 56.1 135 0.241 10.5 2.55 13.0 2.59 2.55 5.13 
2028 1.57 15.2 32.9 0.070 1.98 0.624 2.60 0.53 0.62 1.16 
2029 109 67.9 136 0.242 8.67 3.50 12.2 2.39 3.50 5.89 
2030 0.955 6.7 30.3 0.062 0.890 0.088 0.978 0.241 0.087 0.328 
2031 88.7 18.0 46.2 0.084 0.580 0.939 1.52 0.156 0.939 1.10 

           

Year 

Friant Ranch - Total Peak Daily Operational and Construction Emissions - Mitigated (lb/day) 

ROG NOx CO SO2 
Fug 

PM10 
Exh 

PM10 
Total 
PM10 

Fug 
PM2.5 

Exh 
PM2.5 

Total 
PM2.5 

2022 185 389 794 1.68 85.6 5.52 91.2 23.1 5.39 28.5 
2023 188 379 859 1.78 91.0 7.05 98.1 24.6 6.97 31.5 
2024 255 340 820 1.71 88.7 5.91 94.6 24.0 5.83 29.8 
2025 194 364 878 1.81 98.7 7.34 106 26.7 7.25 34.0 
2026 319 343 857 1.76 96.7 6.71 103 26.1 6.62 32.7 
2027 289 374 935 1.91 109 8.41 117 29.2 8.33 37.5 
2028 205 330 852 1.74 105 6.49 111 28.2 6.41 34.6 
2029 316 386 977 1.93 115 9.74 125 31.2 9.66 40.8 
2030 213 330 896 1.80 113 6.72 120 30.5 6.64 37.2 
2031 305 343 934 1.83 116 7.93 124 31.1 7.85 39.0 
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TABLE A-1    
MITIGATION STRATEGIES FOR EMISSION REDUCTION 

Mitigation 
Strategy FEIR 3.3.1/3.3.2 ISR Application CalEEMod Applied 

Construction Clean 
Fleet 

3.3.1: Diesel oxidation 
catalyst with 40% NOx 

reduction (cranes/forklift 
15%) 

Mitigation Measure 1: 
District Rule 9510 (ISR 
requires the clean fleet 

data template to verify the 
NOx and PM10 emission 

reductions) 

CalEEMod can apply 
oxidation catalysts, diesel 

particulate filters, and 
upgraded engine Tier 2, 3, 
or 4, or alternate fuels (Bio, 

CNG, Electric)1 

Increase Density  
Mitigation Measure 2a: 
2,000 DU within ½ mi 

radius of Project 

Applied as 2,000 in 
CalEEMod 

Increase Diversity  Mitigation Measure 2b: 
Mixed-Use development 

Applied as increased 
diversity in CalEEMod 

Increase Walkability 
Design  Mitigation Measure 2c: 7 

intersections 
Applied as intersections per 
square miles in CalEEMod 

Improve Destination 
Accessibility  Mitigation Measure 2d: ¼ 

mile 

Applied as ¼ mi to job 
center or downtown in 

CalEEMod 

Increase Transit 
Accessibility 

3.3.2 Transportation 
related mitigation 

measures 

Mitigation Measure 2e: ¼ 
mi to transit station 

Applied as ¼ mi to transit 
station in CalEEMod 

Improve pedestrian 
network 

Bicycle usage is considered 
a design strategy, not 

mitigation 

Mitigation Measure 3a: 
Provide pedestrian access 
network within Project site 

and connecting offsite 

Applied as pedestrian access 
network within Project site 
and connecting offsite in 

CalEEMod 

Provide traffic 
calming measures  

Mitigation Measure 3b: 
100% of streets with 

improvement within ½ mile 
of Project site 

Applied as 100% of streets 
with improvement within ½ 

mile of Project site in 
CalEEMod 

Implement 
Neighborhood Electric 
Vehicle Network 

 Mitigation Measure 3c: 
Provide NEV Network 

Applied as NEV network 
provided in CalEEMod 

Encourage 
Telecommuting and 
Alt Work Schedules 

 

Mitigation Measure 5c: 
25% of employees to 

participate in 
telecommuting 1.5 days 

Applied as 25% of 
employees to participate in 
telecommuting 1.5 days in 

CalEEMod 

Hearth  Mitigation Measure 6: NG 
only hearth Applied as NG only hearth 

Exceed Title 24 

3.3.2: Reduce residential 
energy consumption 10-
20% from 2008 Title 24. 
(These energy efficiency 

standards are now 
considered design 

requirements and are 
outdated as mitigation.) 

Mitigation Measure 7a: ISR 
states: TBD 

Apply Title 24 reduction (see 
below) 

Single family homes built 
under 2019 Energy 

Standards use 7% less 
energy than 2016 

Standards. Assume 7% 
reduction to 2031. 

Lighting energy reduction 
based on an average 29% 

for the lighting power 
density from 2016 to 2019 
(non-residential buildings). 
Assume 20% reduction to 

2031. 
Low-flow plumbing, toilets, 

sinks, showers in accordance 
with Title 24 as of 2019 and 
water efficient irrigation, in 

CalEEMod. 

Landscape 
Equipment  Mitigation Measure 7b: ISR 

states “yes” 

3% electric will be applied in 
CalEEMod, as noted to be 
the assumed statewide 

average 
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TABLE A-1    
MITIGATION STRATEGIES FOR EMISSION REDUCTION 

Mitigation 
Strategy FEIR 3.3.1/3.3.2 ISR Application CalEEMod Applied 
Solar Panels  Mitigation Measure 8: ISR 

states “yes” 
kW of total power output will 

be entered into CalEEMod 
Electric Vehicle 
Charger  Mitigation Measure 9: ISR 

states “TBD” 
Number of charging outlets 
to be entered into CalEEMod 

Solid Waste 
Reduction   

Fresno County is required to 
meet the state mandated 

75% reduction in solid waste 
by 2020. CalEEMod will 

apply 75% recycling and 
composting. 

Low VOC Paints 

3.3.1: 45% ROG emission 
reduction compared to 
existing architectural 
coating rules (defined 

defaults were Res: 130 g/L 
and Non-res: 250 g/L) 

 

The FEIR measure is 
outdated. SJV Rule 4601 

requires VOC limit of 50 g/L 
for flat and non-flat 

coatings, effective after 
1/1/2022. 50 g/L will be 

used in CalEEMod. 

Fugitive Dust SJV Reg VIII Control 
Measures  

Apply 3x per day watering 
frequency (61% reduction in 
PM10/2.5), vehicle speed 15 

mph 

EMFAC 2017 and 
SAFE Factor 
Adjustment 

  

Emission factors for mobiles 
sources will be adjusted in 
CalEEMod to update vehicle 

emissions 
1. The ISR does not state specific measures, only the general clean fleet data, which is submitted to verify emission 
reductions meet the rule after each construction phase is completed. A combination of Tier 3 and Tier 4 engines 
was applied in CalEEMod to demonstrate the reductions, but they are not specified in the ISR or the EIR.  
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EXECUTIVE SUMMARY 

In the California Supreme Court decision in Sierra Club versus County of Fresno 
(S219783, December 24, 2018), or the “Friant Ranch” Case, the Court found the 
Environmental Impact Report (EIR) to be inadequate because it failed to make a 
reasonable effort to include an analysis that correlates Project emissions to impacts 
on human health. In particular, the Court focused on air quality impact analysis for 
the Project’s significant emissions of oxides of nitrogen (NOx) and Reactive Organic 
Gases (ROG), which are precursors to ozone formation, and of particulate matter 
with an aerodynamic diameter less than or equal to 2.5 micrometers (PM2.5) 
emissions. The Court concluded that an EIR should meet evidentiary requirements, 
such as: 1) including sufficient detail to enable reviewers to understand and to 
consider meaningfully the issues the project raises, and 2) making a reasonable effort 
to connect a project’s air quality impacts to likely health consequences, or explain 
why such air quality analysis is not scientifically feasible at the time of drafting the 
analysis. 

This technical study describes the work completed to satisfy the Supreme Court’s EIR 
evidentiary requirements as applied to the Friant Ranch Community Development 
Project (or “the Project”). BlueScape completed photochemical modeling work to 
support the Project Health Impact Analysis (HIA) as described in this technical study. 
BlueScape generally followed the California Air Resources Board’s (CARB’s) 2018 
PM2.5 State Implementation (SIP) study methods (CARB 2018), to develop regional 
ozone and PM2.5 air quality concentration predictions that were then entered into the 
U.S. Environmental Protection Agency (EPA) Benefits Mapping and Analysis Program 
– Community Edition (BenMAP-CE, EPA 2019a) to estimate Project health impacts. 
CARB used 2013 emissions and modeling files as the base case year for its 
photochemical modeling effort. In order to determine that the entire modeling system 
and supporting data bases adequately replicated observed conditions for 2013, CARB 
compared the 2013 air quality modeling concentration predictions to available 2013 
observed air quality concentrations and determined that the modeling system was 
performant. CARB then projected emissions from 2013 to the 2020 future year, and 
the modeling system was applied in order to predict 2020 air quality concentrations. 
In the Project HIA study, it was deemed prudent to set 2020 as the Existing Baseline 
year for the regional emissions, and use the 2013 meteorological data year to 
complete the modeling, to ensure consistent and valid model performance with the 
work CARB performed.  

The electronic meteorological and emissions data files used by CARB for the San 
Joaquin Valley (SJV) for photochemical modeling completed with the Community 
Multiscale Air Quality (CMAQ) model were initially obtained by Ramboll Corporation 
(Ramboll) and processed prior to BlueScape obtaining the files and using them to 
complete the HIA. The 2020 CMAQ files obtained by Ramboll from CARB, which 
included speciated NOx, Total Organic Gases (TOG), particulate matter with an 
aerodynamic diameter less than or equal to 10 micrometers (PM10), and PM2.5 
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emissions, were converted for use in the Comprehensive Air Quality Model with 
Extensions (CAMx) model (Ramboll ENVIRON 2017) with appropriate CMAQ-to-CAMx 
conversion tools. CARB also provided its 2013 Weather Research and Forecasting 
Model (WRF v3.8 or later) meteorological data files to Ramboll, which were also 
converted for use in CAMx using appropriate tools. BlueScape obtained these files 
prepared by Ramboll from the Project proponent and further developed them for use 
in the HIA discussed in this report.  

Using the 2013 WRF meteorological data coupled with the converted CMAQ input 
files, CAMx (v.6.5) photochemical modeling was performed for six (6) scenarios:  

1) 2020 Existing Baseline year without Project emissions; 

2) 2020 Existing Baseline year with unmitigated Project emissions; 

3) 2020 Existing Baseline year with mitigated Project emissions; 

4) 2031 Future Baseline year without Project emissions; 

5) 2031 Future Baseline year with unmitigated Project emissions; and 

6) 2031 Future Baseline year with mitigated Project emissions. 

The intent of including a 2020 Existing Baseline year is to describe environmental 
conditions in 2020 and then to add Project emissions to this baseline. The Project 
emissions include construction emissions, as well as operational emissions from prior 
completion of Project work, that will occur in the same year. The Future Baseline year 
describes 2031 environmental conditions without the Project to which Project 
emissions at full Project buildout are added for a cumulative result. For the 2031 
Future Baseline year, the 2020 CAMx regional emissions inventory was “grown” to a 
2031 regional emissions inventory based upon growth factors developed using the 
CARB 2016 SIP - Standard Emission Tool (CEPAM, CARB 2018). The 2031 regional 
emissions inventory thus accounts for reasonably foreseeable population growth in 
the affected region by 2031. 

A Model Performance Evaluation (MPE) of the 2020 CAMx air quality modeled results 
was completed. The CAMx model was run for the entire 2020 Existing Baseline year. 
The MPE was conducted as a comparison of the hourly CAMx model predictions for 
the Project study, to CARB’s original hourly CMAQ model predictions for 2020, using 
CMAQ modeling output files obtained from CARB. The Environmental Protection 
Agency (EPA) has issued guidance on how air quality simulation models are to be 
judged to be adequately performing in order to be used for studies such as conducted 
here (EPA 2018a). Two statistics that are used to judge such model performance are 
mean gross error and mean bias. If the gross error is less than 15% and bias is within 
+/-5%, it is an indicator that the model is adequately performing (Emery et. al. 
2017). Average gross error and bias statistics were estimated at the county-level for 
ozone and PM2.5 for each month of 2020 between the base case modeling results 
supplied to our team and the base case modeling results that we ran. Because the 
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gross error and bias values that resulted were less than 5% for gross error and were 
near zero for bias (i.e., a few tenths of a part per billion (ppb) for ozone and a few 
hundredths of a µg/m3 for PM2.5), the CAMx modeling system results for 2020 and 
2031 were deemed suitable for use in the Friant Ranch Project HIA.  

For the six modeling scenarios, maximum daily 8-hour average (MDA8) ozone 
concentrations and maximum annual 24-hour average PM2.5 concentrations were 
developed using CAMx for import into EPA’s BenMAP-CE model. BenMAP-CE is open-
source software that can be configured to relate the human health impacts and/or 
benefits to air quality changes.  The latest version of BenMAP-CE is Version 1.5, which 
the EPA released in March 2019. The program includes a subset of air quality 
monitoring data in preloaded databases for areas within the Continental United 
States, with recent and projected demographic and baseline health data, 
concentration-response (C-R) relationships drawn from the published epidemiological 
literature, and economic value estimates based on the published economics 
literature. The principal function of the software is to apply the findings of 
epidemiological and economics studies to estimate the health impacts and economic 
value of air pollution changes. 

To estimate human health effects, BenMAP-CE first determines the change in ambient 
air pollution using user-specified air quality data for the baseline and controlled 
scenarios. The software then applies the relationship between the air pollution with 
certain health effects (also known as health endpoints) using health impact function 
or the C-R functions that were derived from epidemiology studies. BenMAP-CE applies 
that relationship to the exposed population to calculate health impacts based on 
baseline health incidence data. 

The Project maximum estimated change in ozone concentration above both the 2020 
Existing Baseline and the 2031 Future Baseline does not exceed the EPA’s Significant 
Impact Level (SIL) for ozone of 1 ppb, 8-hour average. The Project maximum 
estimated change in PM2.5 concentration impacts above baseline levels does not 
exceed the EPA’s and San Joaquin Valley Air Pollution Control District’s (SJVAPCD) 
SIL of 0.2 µg/m3, annual average. As discussed in Section 2.0, concentration results 
that do not exceed a SIL can be used by Fresno County, the lead agency for this 
Project, as one indicator that the Project concentration impacts, and therefore the 
related specific health impacts, are likely not meaningful.  

The Project-related specific health incidences estimated using BenMAP for ozone and 
PM2.5 concentration changes above baseline, as compared with regional background 
health incidences, are very small relative to background incidences. For example, for 
ozone asthma-related emergency room visits for children aged 0 to 17, the Project-
related health incidences per year were estimated to be 0.0427, or about 0.00026% 
of regional background occurrences. For PM2.5 and mortality, the Project-related 
health incidences per year were estimated to be 0.35, or about 0.00054% of regional 
background occurrences. As the health incidence values estimated for Friant Ranch 
Project emissions are less than one, and a negligible fraction of the background 
incidence values, it is not expected that the Project will result in any meaningful 
health impact greater than zero, that can be established with any certainty.    



Friant Ranch Project  
Friant, California 

Regional Air Quality Modeling  
& Health Impact Analysis 

 

BlueScape Environmental 4 August 4, 2021 
 

1.0 INTRODUCTION 

This HIA study provides a description of the methodologies used to develop 
concentration data for ozone and PM2.5 for potential health impacts from Friant Ranch 
Project emissions. The intent of the HIA is to provide quantitative photochemical 
modeling and specific health impact information that meets the EIR evidentiary 
requirements for HIAs, as stated by the California Supreme Court in the Friant Ranch 
Case decision.  

The proposed Project is located within the jurisdiction of the San Joaquin Valley Air 
Pollution Control District (SJVAPCD). CARB conducts photochemical modeling studies 
for the San Joaquin Valley to address attainment of the ozone and PM2.5 state and 
federal ambient air quality standards. To review regional impacts from these 
pollutants, CARB recently completed photochemical modeling for the 2018 PM2.5 SIP 
study using the CMAQ model for 2020 emissions (SJVAPCD 2018). As presented in 
this report, BlueScape obtained electronic files from Ramboll that were developed 
using CARB’s CMAQ files, to run another photochemical model, the CAMx model. 
Using the CAMx files, BlueScape developed the HIA study to review potential ozone 
and PM2.5 impacts from the Project. As addressed in the HIA, the primary emissions 
precursors to ozone formation are NOx and Volatile Organic Compounds (VOC). VOC 
includes ROG, which is included within the larger category of TOG that is included in 
CAMx for complete photochemistry calculations. Air quality modeling concentration 
data developed with the CAMx model were used in health impact calculations 
completed with BenMAP-CE software. 

The following discussion provides the background on California air district guidance, 
as response to the Friant Ranch Case decision. At the time the decision was released, 
the SJVAPCD did not develop general guidance to be used for California 
Environmental Quality Act (CEQA) review, and more specifically, the SJVAPCD did 
not develop procedures on how to evaluate specific health impacts from a project’s 
ozone precursor and PM2.5 emissions. However, the SJVAPCD and the South Coast Air 
Quality Management District (SCAQMD) did release legal positions on the Friant 
Ranch case. During the litigation before the California Supreme Court, SJVAPCD 
submitted an Amicus Curiae brief stating that models are not available to conduct an 
appropriate analysis (SJVAPCD 2015a). In its brief, SJVAPCD acknowledged that 
while health risk assessments (HRAs) for localized air toxics impacts, such as diesel 
particulate matter (DPM), are commonly prepared, “it is not feasible to conduct a 
similar analysis for criteria air pollutants because currently available computer 
modeling tools are not equipped for this task.” The SJVAPCD further noted that an 
analysis of health impacts solely from the Friant Ranch Project emissions (which 
equate to less than one-tenth of one percent of the total NOx and VOC emissions in 
the San Joaquin Valley) is not likely to yield valid information, and that any such 
information should not be “accurate when applied at the local level.”  

SJVAPCD has followed up the brief with general guidance to project developers to 
make “a reasonable effort to discuss relevant specifics regarding the connection 
between potential adverse air quality impacts from the Project with the likely nature 
and magnitude of the potential health impacts. If the potential health impacts from 
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the project cannot be specifically correlated, explain what is known and why, given 
scientific constraints, potential health impacts cannot be translated (SJVAPCD 
2020).” 

The SCAQMD also submitted an Amicus Curiae brief to the California Supreme Court 
(SCAQMD 2015). Its brief stated the difficulty of quantifying a project’s health 
impacts for such pollutants as ozone, due to the need to consider the impact of a 
relatively small amount of emissions on overall regional pollution impacts. However, 
the SCAQMD did conclude that such regional impact modeling could be feasible for 
larger projects, considered to be much larger in terms of total emissions, than the 
Friant Ranch Project. The SCAQMD has demonstrated the typical use of a 
photochemical modeling concentration analysis for regional (not source-specific) 
ozone and PM2.5 emissions impacts, connecting the results to specific predicted health 
impacts, in the 2016 Air Quality Management Plan (AQMP, SCAQMD 2017) and 
related reports.  

In late 2019, the Sacramento Metropolitan Air Quality Management District (SMAQMD 
2019) released Interim Guidance suggesting that, where air quality emission impacts 
are deemed to be significant under CEQA, project applicants should provide a 
technical (or quantitative) analysis and make a finding on whether specific health 
impact review of ozone and PM2.5 is feasible. If such a health impact analysis (for 
example using a photochemical model with BenMAP) is not feasible, the guidance 
suggests that the CEQA documents explain why the analysis is not feasible. Such an 
explanation could include review and discussion of models typically used currently for 
health impact analysis, including CalEEMod, EMFAC, OFFROAD, BenMAP-CE and 
HARP2, combined with an explanation of the extent to which these and any other 
tools identified could assist in describing the project’s health impacts from ozone and 
PM2.5 emissions. 

Since releasing the Interim Guidance, the SMAQMD has released the Guidance to 
Address the Friant Ranch Ruling for CEQA Projects in the Sac Metro Air District, which 
replaces the Interim Guidance (SMAQMD 2020). The guidance document provides 
insight on potential ozone and PM2.5 impacts that may occur due to project 
development in the Sacramento region, from a project’s NOx, VOC, carbon monoxide 
(CO) and oxides of sulfur (SOx) emissions. The guidance provides screening look-up 
tables that can be used to estimate specific health effects in certain strategic growth 
areas. The screening look-up tables were developed using CAMx photochemical 
modeling. For projects with significant emissions outside of the strategic growth 
areas, the document provides guidance on the use of a photochemical model to 
develop quantitative estimates of ozone and PM2.5 concentrations and health impacts 
from these pollutants.  

This report describes the methodology used to complete the ozone and PM2.5 

concentration modeling for the Friant Ranch Project, including the CAMx modeling 
system, WRF model meteorological data inputs, CAMx model emission inputs and 
other input assumptions, and the output files prepared for BenMap-CE. The 
concentration results are described in tables and figures. A discussion regarding use 
of SILs for the HIA is provided in Section 2.0. The concentration impacts are discussed 
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in detail in Section 3.7. The health impacts calculated using BenMAP-CE are presented 
in Section 4.3.  

2.0 SIGNIFICANT IMPACT LEVELS FOR REGIONAL AIR QUALITY 
MODELING AND HEALTH IMPACT ANALYSIS 

The Friant Ranch Case decision did not establish, nor provide the means to develop, 
CEQA significance thresholds for regional air quality and health impact modeling. The 
Case only states that specific health impact information should be presented to the 
public in a reliable and meaningful way. This HIA analysis for the Friant Ranch Project 
has been prepared due to the finding that one or more of the pollutants, NOx, ROG 
(or VOC), PM10 or PM2.5 emitted by the Project may exceed the CEQA mass emissions 
significance thresholds listed by the SJVAPCD (SJVAPCD 2015b). This section 
provides a discussion on use of concentration significant impact levels (SILs) for 
consideration by Fresno County, should the county decide to complete further review 
on whether the specific health impacts described in the HIA are meaningful.  

The EPA and CARB have set ambient health standards – the National Ambient Air 
Quality Standards (NAAQS) and the California Ambient Air Quality Standards 
(CAAQS) – for the purpose of meeting regional air pollution management goals. The 
ambient standards are based upon health impact studies, including health impact 
studies included in the BenMAP-CE model database and used in this HIA. For ozone 
and PM2.5 health studies used to establish the NAAQS, see the Integrated Science 
Assessments (ISAs) (EPA 2019b). According to CARB, an ambient air quality standard 
is established to protect the health of the most sensitive groups in communities 
(CARB 2021a). The ambient standards represent an acceptable regional level of 
pollution for a specific compound. The federal and California state ambient health 
standards for ozone and PM2.5 are listed in Table 1 below (CARB 2021b).  

 
TABLE 1    

AMBIENT HEALTH STANDARDS 

Pollutant Federal California 

Ozone 70 ppb 8-Hour Avg 90 ppb 1-Hour Avg 
70 ppb 8-hour Avg 

PM2.5 
35 µg/m3 24-Hour Avg 
12.0 µg/m3 Annual Avg 

 
12 µg/m3 Annual Avg 

The SJVAPCD has established SILs as thresholds that are a small fraction of the 
ambient standards, to be used for ambient air quality analysis (AAQA) for air 
permitting, in APR 1925 Policy for District Rule 2201 AAQA Modeling (SJVAPCD 2019). 
The SILs are used to “determine whether a proposed source’s emissions will have a 
significant impact on air quality in an area.” In areas that are in nonattainment of the 
ambient standards, such as is the case for PM2.5 within the San Joaquin Valley, the 
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SILs are thresholds that cannot be exceeded by an air permit applicant and still obtain 
an air permit authorization.  

The SJVAPCD recommends use of ambient air quality analysis to determine whether 
impacts from development projects are significant under CEQA. The approach for 
development projects is provided in Section 8.4 of the Guidance for Assessing and 
Mitigating Air Quality Impacts (SJVAPCD 2015c) and refers to the APR 1925 AAQA 
modeling guidance. The PM2.5 SILs for non-fugitive sources (or projects) were 
obtained by SJVAPCD from EPA, as described in the document Guidance on Significant 
Impact Levels for Ozone and Fine Particles in the Prevention of Significant 
Deterioration Permitting Program (EPA 2018b). In that EPA guidance document 
(pages 7, 13), the EPA addresses why, in its judgment, source concentration impacts 
below a SIL are insignificant: “the EPA believes an insignificant impact is an impact 
on air quality concentrations that is small and not meaningful.”  Thus, as related to 
the ambient health standards, a regulating authority can use the SILs as an indication 
that impacts below the SILs can be considered to be insignificant, or not causing a 
meaningful difference in a region’s air quality as well as in any associated health 
impacts.  

For PM2.5, which is a nonattainment pollutant, the SJVAPCD considers project impacts 
on air quality to be insignificant if the PM2.5 SILs are not exceeded. In that case, no 
further analysis of impacts is required. The SJVAPCD does not list a SIL for regional 
ozone impacts, because such analysis is not required by APR 1925. The SIL for 
regional ozone impacts from single projects, 1 ppb 8-hour average, can be obtained 
from EPA’s Guidance on the SILs referenced above. 

The air quality analysis SILs listed in the EPA SIL Guidance and SJVAPCD APR 1925 
for ozone and PM2.5 are shown in Table 2. 

 
TABLE 2    

EPA AND SJVAPCD SIGNIFICANT IMPACT LEVELS 

Pollutant EPA SJVAPCD 

Ozone 1 ppb, 8-Hour Avg 
 

--- 

PM2.5 

All sources: 
1.2  µg/m3, 24-Hour Avg 
0.2  µg/m3,  Annual Avg 
 

Non-Fugitive Sources: 
1.2 µg/m3, 24-Hour Avg 
0.2 µg/m3, Annual Avg 
 
Fugitive dust: 
2.5 µg/m3, 24-Hour Avg 
0.63 µg/m3, Annual Avg 

 

The ozone 8-hour average SIL of 1 ppb is about 1.4% of the 70 ppb federal and state 
8-hour ozone standards. The most conservative PM2.5 SIL listed in Table 2, which 
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would be associated with long-term health effects of 0.2 µg/m3, is about 1.7% of the 
12 µg/m3 federal and state annual average PM2.5 standard. While the purpose of an 
HIA is not to show compliance with ambient health standards as discussed above 
(rather to address specific health impacts of ozone and PM2.5), if HIA concentration 
impacts due to a project above the existing regional baseline do not exceed these 
SIL thresholds, then Fresno County could use this finding as an indication that the 
project’s concentration impacts on regional public health are likely not meaningful, 
because the SILs are related to regional health studies used to develop ambient 
health standards. 

While this HIA report concludes that Friant Ranch Project concentration impacts (and 
therefore likely the related health impacts) are not meaningful, to provide Fresno 
County and the public with additional information, as well as meet the evidentiary 
requirements of the Friant Ranch Case, the report also provides specific health impact 
modeling results, as compared to baseline health impacts on the regional population 
from all of the emissions occurring in the region. 

3.0 CAMX PHOTOCHEMICAL MODELING FOR THE FRIANT RANCH 
PROJECT 

This section provides a discussion of regional photochemical modeling completed for 
ozone and PM2.5 impacts using the CAMx model for the Friant Ranch Project. CAMx 
was used to develop regional air concentration data for the health impact analysis 
described in Section 4.0. 

3.1 Summary of the Modeling System 

Photochemical grid models (PGMs) are recognized and routinely utilized tools for 
regulatory analysis such as assessing emission control strategies in pursuit of 
attaining a particular ambient health standard. PGMs are large-scale mathematical 
air quality models that represent the physicochemical processes that occur in the 
atmosphere. PGMs simulate the changes of atmospheric pollutant concentrations due 
to changes in the constituent makeup of anthropogenic, biogenic, and geogenic 
emissions emitted into the atmosphere. PGMs are applied at multiple spatial scales 
from local, regional, national, and global over periods of time that span weekly, 
monthly, and annual scales. 

Over the last five decades, EPA has devoted significant resources to develop PGMs 
for the assessment of air pollution issues, including health impact assessments and 
evaluation of emissions control strategies. The EPA's Air Quality Modeling Group has 
used photochemical models as part of its modeling analyses to support policy and 
regulatory decisions. Finally, EPA has developed guidance on the use of these models 
(EPA 2017).  

CAMx is a state-of-the-art regional air quality modeling system developed by Ramboll 
that can be used to simulate the physical and chemical processes that govern the 
formation, transport, and deposition of gases and particulates in the atmosphere. 
The structure of the CAMx modeling system is shown in Figure 1 below. 
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The components shown in Figure 1 are: 
 

• WRF: Weather Research and Forecasting Model, v3.8 or later. WRF was used 
by CARB on behalf of the SJVAPCD, to generate the meteorology data for CMAQ 
modeling completed for the San Joaquin Valley. WRF (year 2013) output files 
from CARB used for the SJVAPCD 2018 PM2.5 SIP study 2020 model run were 
post-processed by Ramboll for use in CAMx. The 2013 meteorological data was 
used in this HIA for consistency with the CARB modeling study, thus ensuring 
valid CAMx model performance.  

 

 

FIGURE 1.  COMPONENTS OF THE CAMX MODELING SYSTEM 
 
 

• CAMx: Comprehensive Air Quality Model with Extensions, v6.5. The CAMx 
model was run by Ramboll using converted CARB CMAQ input files and 
meteorology post-processed from CARB WRF output files. 

• Initial and Boundary Conditions: Initial and boundary photochemical 
conditions for the spatial domain and the modeling time period. Initial 
conditions represent the state of the air quality of every grid cell of the domain 
and for every chemical species at the start of the simulation. The boundary 
conditions represent the estimated, incoming air quality of every chemical 
species at the north, south, east, and west lateral boundaries of the 4 km 
domain. The boundary conditions and initial conditions were derived based on 
modeling from the 12 km domain. 

• Emissions Inventory:  An emissions database for the scenario, spanning the 
time period, spatial domain, and species list required by CAMx. Generally, 
CAMx obtains its emissions inventories from the EPA’s SMOKE (Sparse Matrix 
Operator Kernel Emissions) Modeling System (CMAS 2018). In this Project, a 
complete emissions inventory for Year 2020 in CMAQ-format files was provided 
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by CARB to Ramboll, then converted by Ramboll to CAMx format to be used in 
this analysis. BlueScape also obtained the CMAQ files from CARB and used 
them for model performance evaluation. 

• Post-Processing and Analysis:  The following software tools were available 
to post-process CAMx results for further analysis and data visualization: 

o VERDI: Java program for visualizing meteorology, emissions, and air 
quality modeling data. With options for overlaying GIS Shapefiles and 
observational data onto model output, VERDI offers a range of options for 
viewing atmospheric modeling data. VERDI was used in this Project to 
validate emissions re-gridding and output concentrations from CAMx. 

o Panoply: netCDF, HDF and GRIB Data Viewer. Used alongside VERDI to 
visualize CAMx output data and to extract CSV files from CAMx post-
processed output files, stored in netCDF format. 

o NCL Scripts: The NCAR Command Language (NCL) is a free interpreted 
language designed specifically for scientific data processing and 
visualization. In this Project, NCL was not used to incorporate the Project’s 
emissions model into the 2020 and 2031 Baseline emissions; rather the 
emissions were manually formatted and processed. 

o BenMAP-CE: EPA Benefits Mapping and Analysis Program – Community 
Edition, BenMAP-CE is an open-source software that calculates the number 
and economic value of air pollution-related deaths and illnesses. A 
component of BenMAP-CE is a tool called PopGrid which is used to estimate 
the population within each grid cell by gender, race, ethnicity, and age 
range.  

3.2 Modeling Domain 

The modeling domain chosen for the Project study was obtained from the domain 
used in the 2018 SJVAPCD PM2.5 SIP modeling run completed by CARB. This modeling 
domain is comprised of three nested domains (i.e., 36 km, 12 km, and 4 km). For 
the current study, only the 4km domain was used for modeling. As the footprint of 
the Friant Ranch Project is wholly contained within the 4km domain, it was deemed 
unnecessary to conduct model simulations using the 36 km and 12 km domains. 
Further, it is well known that when additional emissions of small magnitude are 
inserted into a handful of grid cells of the 4 km domain, the modelled impact to air 
quality in the larger 12 km and 36 km are negligible if not imperceptible. Data from 
the final modeling grid subset used by CARB was used for the Project CAMx runs, as 
boundary and initial conditions from CARB for CMAQ already incorporated data from 
coarser grids. This final grid covered an area of 348 by 412 kilometers, using a 4-km 
grid size and 87 by 103 cells. Figure 2 shows this grid layout, used by both CARB for 
CMAQ model runs, and by BlueScape for Project CAMx model runs. 
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3.3 WRF – Weather Research and Forecasting Model Data 

The WRF model is a next-generation mesoscale numerical weather prediction system 
designed for both atmospheric research and operational forecasting applications. The 
model generates three-dimensional (3D) wind fields for a specific domain, using 
telescopic grids to pass regional phenomena down to smaller areas. WRF is an 
integral part of both CMAQ and CAMx modeling systems. 

CARB used WRF v3.8 to generate the meteorological fields needed for their 2020 
CMAQ run used for the SJVAPCD PM2.5 SIP Study. BlueScape obtained output files 
from this WRF run that were post-processed by Ramboll using the wrfcamx post-
processing tool. Table 3 below contains the selected WRF modeling configuration used 
by CARB. 

FIGURE 2.  CARB CMAQ AND CAMX MODELING GRID 
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TABLE 3    

WRF MODELING CONFIGURATION 

Grid Definition 
CARB WRF data, final grid: 
• 4-km grid cell, 189 x 189 grid cells in size, total area: 

756 x 756 kms 

Initial and Boundary 
Conditions 

NCEP North American Mesoscale (NAM) 12 km Analysis, 
Grid 218 

Vertical Layers  50 Layers with the lowest layer at 18 m above ground 
level (agl). 

Data Assimilation 
Analysis nudging at every 6 hours for the outermost 
domain only. No temperature and moisture nudging 
within the Planetary Boundary Layer (PBL). 

 

3.4 CAMx Model Setup 

The CAMx model was set up to use the same grid as the final grid from the CARB 
2020 CMAQ model run. Table 4 contains the general CAMx model configuration used, 
while Table 5 contains the grid configuration. 

TABLE 4    
GENERAL CAMX CONFIGURATION 

Chemical Mechanism SAPRC07 with version “c” toluene updates gas-phase 
mechanism 

Advection Solver  Piecewise Parabolic Method (PPM) 

Chemical Solver  Euler Backward Iterative solver (EBI) 

Plume-In-Grid 
Submodel 

Greatly Reduced Execution and Simplified Dynamics 
Submodel (GREASD) 

Dry Deposition Model  Zhang 2003 

Photolysis In-line Calculation 

 
 

TABLE 5    
4-KM GRID CONFIGURATION 

Grid Definition 4-km grid cell, 87 x 103 grid cells in size, total area: 348 x 
412 kms 
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3.5 Emissions Inventories 

The CAMx model requires input of hourly, gridded criteria pollutant emissions of both 
anthropogenic and biogenic sources that have been spatially allocated to the 
appropriate grid cells and chemically speciated for the model’s applicable chemical 
mechanism.  

Gridded area emissions, elevated point source emissions, boundary and initial 
conditions were converted by Ramboll from CARB CMAQ input files using the 
cmaq2camx conversion tool, changing the chemical mechanism from CB06 to 
SAPRC07. The input 2020 CMAQ files used 2013 emissions inventory files, that were 
updated by CARB for projected 2020 regional emissions. The gridded emission files 
include TOG, NOx, PM10 and PM2.5, to obtain the overall particulate concentration 
results. The TOG and particulate data were entered into CAMx by chemical species. 
Project SOx and CO emissions were not included in the analysis, due to their small 
contribution to secondary PM2.5 and ozone formation. 

The Future Baseline year 2031 CAMx ROG, NOx, PM10, and PM2.5 emissions were 
grown, or scaled, from 2020 emissions, using growth factors developed from the 
CEPAM 2016 SIP - Standard Emission Tool developed by CARB (CARB 2018). CEPAM 
lists emissions by source category: stationary sources, areawide sources, mobile 
sources, and natural sources. Each source category has subcategories, such as 
stationary source type, on-road and off-road subcategories. These CEPAM categories 
and subcategories were matched with the CARB CMAQ emission files source 
categories and subcategories. Note that should the Project development and full 
buildout be delayed past 2031, it is expected that of selection of 2031 emissions for 
CAMx modeling will be conservative. 

The incremental Project emissions were incorporated into the Baseline year 2020 and 
Future year 2031 emissions. Tables 6 and 7 summarize the Project peak daily 
unmitigated and mitigated emissions in pounds per day (lb/day) by source category 
for any of the years between Project construction start in 2022 and the 2031 Buildout 
year. Note that for NOx, 2022 emissions were used to represent Project peak daily 
emissions. This is due to the fact that Community Plan NOx operational emissions and 
construction emissions are higher in 2022 than in 2031. This assumption for NOx is 
expected to provide a conservative analysis. Further detail on the development of 
Project emissions for HIA modeling is presented in the Air Emissions Report for the 
Friant Ranch Community Development Project (BlueScape 2021). 
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TABLE 6    
PROJECT PEAK DAILY UNMITIGATED OPERATION 

AND CONSTRUCTION EMISSIONS (LB/DAY) 

Category ROG NOx 
Fugitive 

PM10 
Exhaust 

PM10 
Fugitive 

PM2.5 
Exhaust 

PM2.5 

  Construction 

On-Road Mobile 0.773 3.13 2.59 0.014 0.699 0.013 
Off-Road Mobile 9.36 111 15.6 4.10 4.34 3.79 
Area/Energy 104 0 0 0 0 0 

  Operational (Specific Plan plus Community Plan) 

On-Road Mobile 127 294 124 1.59 33.4 1.51 
Off-Road Mobile 0 0 0 0 0 0 
Area/Energy 101 28.9 0 27.0 0 27.0 
Total 342 438 142 32.7 38.4 32.3 

 
 

TABLE 7    
PROJECT PEAK DAILY MITIGATED OPERATION 

AND CONSTRUCTION EMISSIONS (LB/DAY) 

Category ROG NOx 
Fugitive 

PM10 
Exhaust 

PM10 
Fugitive 

PM2.5 
Exhaust 

PM2.5 
  Construction 

On-Road Mobile 0.773 2.63 2.59 0.014 0.699 0.013 
Off-Road Mobile 3.83 60.4 6.08 3.49 1.69 3.49 
Area/Energy 104 0 0 0 0 0 

  Operational (Specific Plan plus Community Plan) 

On-Road Mobile 126 304 107 1.42 28.8 1.35 
Off-Road Mobile 0 0 0 0 0 0 
Area/Energy 81.8 22.9 0 4.82 0 4.82 
Total 316 389 115 9.74 31.2 9.66 

 

For CAMx modeling, Project ROG emissions were converted to TOG emissions using 
conversion factors developed based upon SMOKE speciation profiles (CMAS 2018). 
For each Project scenario, in 2020 and 2031, in both unmitigated and mitigated 
scenarios, the following data was incorporated into the baseline gridded emission 
files: 
 

• Temporal allocation of construction emissions by day-of-week and hour-of-
day; 
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• Temporal profiles extracted by Ramboll from CARB CMAQ files for allocation of 
non-construction Project emissions, weekend-weekday and by time of day, for 
aggregated source categories; 

• Spatial distribution of Project emissions from mobile sources, in ten grid cells 
near the Project site; and 

• Speciation profiles of Project emissions for CAMx SAPRC07 specific gas and 
aerosol species. 

Using this input data, new Project emissions were generated hour by hour for the 
entire simulation year. Per relevant CAMx species, incremental emissions were 
apportioned to the corresponding grid cells, and a complete Project emissions 
database was generated for each scenario. Figure 3 shows the Project site location 
and color-shading to represent emissions apportionment fractions by 4-km grid cell. 
The darker blue shaded grid cells are closest to the Project site, and have the highest 
emissions apportionment. No Project emissions were apportioned outside the grid 
cells shown in Figure 3. 
 

 
FIGURE 3.  PROJECT EMISSIONS APPORTIONMENT TO GRID CELLS 
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3.6 Model Performance Evaluation 

Air quality modeling studies are obliged to include efforts to assess the ability of an 
air quality modeling system to reliably recreate observed air quality events. In the 
current context of this study, the air quality modeling system is the combined 
meteorological modeling system (WRF), the photochemical modeling system (CAMx), 
and modeling input data sets. The air quality modeling system was derived from 
CARB’s 2013 air quality modeling system used for the SJVAPCD PM2.5 SIP Study to 
estimate regional ozone and PM2.5 concentration impacts in 2020. 

CARB performed a model performance evaluation (MPE) for the 2013 period and 
deemed its CMAQ-based air quality modeling system adequate for use in additional 
studies (SJVAPCD 2018) for future years. Therefore, it is sufficient that if the CAMx-
based system, which was based on the CARB databases, replicates the CMAQ-based 
air quality modeling predictions, then the CAMx-based system is also adequate for 
use in further air quality studies. 

The Environmental Protection Agency (EPA) has issued guidance on how air quality 
simulation models are to be judged to be adequately performing in order to be used 
for studies such as conducted here (EPA 2018a). Two statistics that are used to judge 
such model performance are mean gross error and mean bias. If the gross error is 
less than 15% and bias is within +/-5%, it is an indicator that the model is adequately 
performing (Emery et. al. 2017). 

The average daily gross error and average daily bias for ozone and PM2.5 between the 
CARB CMAQ-based predictions, and completed CAMx-based predictions that are the 
subject of this study were computed for each month of 2020 and each California 
County. The maximum CMAQ-to-CAMx difference for the ozone 8-hour average 
concentration in any grid cell was 0.24 ppbv. The maximum CMAQ-to-CAMx 
difference for the annual PM2.5 24-hour average was 0.091 µg/m3. As the gross error 
values were less than 5% and the bias values near zero relative to the maximum 
concentrations calculated for 2020 for the same cells by both the CMAQ and CAMx 
models, it was deemed that the CAMx-based system was suitable, and performed 
well for use in this HIA. 

3.7 CAMx Modeling Results 

The CAMx modeling results are presented in this section. Section 3.7.1 compares the 
impact of Project TOG and NOx emissions, unmitigated and mitigated, on regional 
ozone concentration changes, for the 2020 Existing Baseline and 2031 Future 
Baseline year scenarios. A comparison of the impact of Project PM2.5 and PM10 
emissions, unmitigated and mitigated, on regional PM2.5  concentration changes is 
presented in Section 3.7.2. 
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3.7.1 Ozone Concentration Change Results 

Ozone modeling concentration change results are presented in Tables 8 to 11, for the 
CAMx 4-km grid in parts per billion by volume (ppbv), maximum daily 8-hour average 
(MDA8) concentrations.  

For the 2020 Existing Baseline year scenario, Tables 8 and 9 compare the Project 
concentration changes at the grid cell with the highest change, both unmitigated and 
mitigated scenarios, to the baseline concentration results. The maximum MDA8 
Project concentration change for either scenario is 0.021%, for the unmitigated 
emissions scenario. The unmitigated emissions impact for this scenario, 0.01 ppbv is 
well below (1% of) the 1 ppb SIL. 
 
 

 

 
For the 2031 Future Baseline year scenario, Tables 10 and 11 compare the Project 
concentration changes at the grid cell with the highest change, both unmitigated and 
mitigated scenarios, to the baseline concentration results. The maximum MDA8 
Project concentration change for either scenario is 0.029%, for the unmitigated 
emissions scenario. The unmitigated emissions impact for this scenario, 0.013 ppbv 
is well below (1.3% of) the 1 ppb SIL. 
 
 
 
 
 
 

TABLE 8    
2020 CAMX MODELING RESULTS FOR THE BASELINE AND UNMITIGATED PROJECT 

SCENARIOS, MAXIMUM DAILY 8-HOUR AVERAGE (MDA8) OZONE, 
AT THE GRID CELL WITH THE HIGHEST CHANGE 

Baseline Scenario 
(ppbv) 

Project Scenario 
(ppbv) 

Maximum Project 
Change (ppbv) 

Maximum Project 
Change (%) 

48.417 48.427 0.01 0.021 

TABLE 9    
2020 CAMX MODELING RESULTS FOR THE BASELINE AND MITIGATED PROJECT 
SCENARIOS, MAXIMUM DAILY 8-HOUR AVERAGE (MDA8) OZONE, AT THE GRID 

CELL WITH THE HIGHEST CHANGE 
Baseline Scenario 

(ppbv) 
Project Scenario 

(ppbv) 
Maximum Project 

Change (ppbv) 
Maximum Project 

Change (%) 
48.417 48.426 0.009 0.019 
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TABLE 10  
2031 CAMX MODELING RESULTS FOR THE FUTURE AND UNMITIGATED PROJECT 
SCENARIO, MAXIMUM DAILY 8-HOUR AVERAGE (MDA8) OZONE, AT THE GRID 

CELL WITH THE HIGHEST CHANGE 
Future Scenario 

(ppbv) 
Project Scenario 

(ppbv) 
Maximum Project 

Change (ppbv) 
Maximum Project 

Change (%) 
44.357 44.370 0.013 0.029 

 

TABLE 11  
2031 CAMX MODELING RESULTS FOR THE FUTURE AND MITIGATED 

PROJECT SCENARIOUS, MAXIMUM DAILY 8-HOUR AVERAGE (MDA8) OZONE, AT 
THE GRID CELL WITH THE HIGHEST CHANGE 

Future Scenario 
(ppbv) 

Project Scenario 
(ppbv) 

Maximum Project 
Change (ppbv) 

Maximum Project 
Change (%) 

44.357 44.369 0.012 0.027 

Figures 4 and 5 display the modeled MDA8 ozone concentration results for the 2020 
Existing Baseline year and 2031 Future Baseline year scenarios, comparing the 
difference from unmitigated (Figure 4 and 5 center panels) or mitigated (Figure 4 
and 5 right panels) Project ozone impacts, to baseline concentrations, in units of 
ppbv.  
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FIGURE 4.  OZONE 2020 SCENARIO MAXIMUM DAILY 8-HOUR (MDA8) AVERAGE CONCENTRATIONS 
COMPARISON OF BASELINE TO UNMITIGATED PROJECT EMISSIONS AND PROJECT MITIGATED EMISSIONS  

  
 2020 Baseline Ozone MDA8 (ppbv) 2020 Ozone MDA8 Unmitigated Project Emissions 

Difference from Baseline (ppbv) 
2020 Ozone MDA8 Mitigated Project Emissions 

Difference from Baseline (ppbv) 
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FIGURE 5.  OZONE 2031 SCENARIO MAXIMUM DAILY 8-HOUR (MDA8) AVERAGE CONCENTRATIONS 
COMPARISON OF BASELINE TO UNMITIGATED PROJECT EMISSIONS AND PROJECT MITIGATED EMISSIONS 

 
 

 2031 Baseline Ozone MDA8 (ppbv) 2031 Ozone MDA8 Unmitigated Project Emissions 
Difference from Baseline (ppbv) 

2031 Ozone MDA8 Mitigated Project 
Emissions Difference from Baseline (ppbv) 
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3.7.2 PM2.5 Concentration Change Results 

The PM2.5 modeling concentration change results are presented in Tables 12 to 15, 
for the CAMx 4-km grid in micrograms per meters cubed (µg/m3), annual 24-hour 
average PM2.5 concentrations.  

For the 2020 Existing Baseline year scenario, Tables 12 and 13 compare the Project 
concentration changes at the grid cell with the highest change, both unmitigated and 
mitigated scenarios, to the baseline concentration results. The maximum annual 24-
hour PM2.5 Project concentration change for either scenario is 0.55%, for the 
unmitigated emissions scenario. The unmitigated emissions impact for this scenario, 
0.051 µg/m3, is below (26% of) the 0.2 µg/m3 SIL. 
 

TABLE 12  
2020 CAMX MODELING RESULTS FOR THE BASELINE AND UNMITIGATED 

PROJECT SCENARIOS, ANNUAL AVERAGE 24-HOUR PM2.5, AT THE GRID CELL 
WITH THE HIGHEST CHANGE 

Baseline Scenario 
(µg/m3) 

Project Scenario 
(µg/m3) 

Maximum 
Project Change 

(µg/m3) 

Maximum 
Project Change 

(%) 
9.528 9.580 0.051 0.55 

 
 

TABLE 13  
2020 CAMX MODELING RESULTS FOR THE BASELINE AND MITIGATED PROJECT 
SCENARIOS, ANNUAL AVERAGE 24-HOUR PM2.5, AT THE GRID CELL WITH THE 

HIGHEST CHANGE 

Baseline Scenario 
(µg/m3) 

Project Scenario 
(µg/m3) 

Maximum 
Project Change 

(µg/m3) 

Maximum 
Project Change 

(%) 
9.528 9.567 0.038 0.41 

 
 
For the 2031 Future Baseline year scenario, Tables 14 and 15 compare the Project 
concentration changes at the grid cell with the highest change, both unmitigated and 
mitigated scenarios, to the baseline concentration results. The maximum annual daily 
PM2.5 Project concentration change for either scenario is 0.56%, for the unmitigated 
emissions scenario. The unmitigated emissions impact for this scenario, 0.058 µg/m3, 
is below (29% of) the 0.2 µg/m3 SIL. 
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TABLE 14  

2031 CAMX MODELING RESULTS FOR THE BASELINE AND UNMITIGATED 
PROJECT SCENARIOS, ANNUAL 24-HOUR AVERAGE PM2.5, AT THE GRID CELL 

WITH THE HIGHEST CHANGE 

Baseline Scenario 
(µg/m3) 

Project Scenario 
(µg/m3) 

Maximum 
Project Change 

(µg/m3) 

Maximum 
Project Change 

(%) 

10.111 10.168 0.058 0.56 

 

 

TABLE 15  
2031 CAMX MODELING RESULTS FOR THE BASELINE AND MITIGATED PROJECT 
SCENARIOS, ANNUAL 24-HOUR AVERAGE PM2.5, AT THE GRID CELL WITH THE 

HIGHEST CHANGE 

Baseline Scenario 
(µg/m3) 

Project Scenario 
(µg/m3) 

Maximum 
Project Change 

(µg/m3) 

Maximum 
Project Change 

(%) 

10.111 10.155 0.044 0.44 

 
 

Figures 6 and 7 display the modeled annual daily 24-hour PM2.5 for the 2020 Existing 
Baseline and 2031 Future Baseline year scenarios, comparing the difference from 
unmitigated (Figure 6 and 7 center panels) or mitigated (Figure 6 and 7 right panels) 
Project PM2.5 impacts, to the baseline concentrations, in units of (µg/m3).  
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FIGURE 6.  PM2.5 2020 SCENARIO ANNUAL 24-HOUR AVERAGE CONCENTRATIONS 
COMPARISON OF BASELINE TO UNMITIGATED PROJECT EMISSIONS AND PROJECT MITIGATED EMISSIONS 
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FIGURE 7 . PM2.5 2031 SCENARIO ANNUAL 24-HOUR AVERAGE CONCENTRATIONS 
COMPARISON OF BASELINE TO UNMITIGATED PROJECT EMISSIONS AND PROJECT MITIGATED EMISSIONS 
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4.0 FRIANT RANCH REGIONAL HEALTH IMPACTS ANALYSIS 

This section provides a discussion of the regional health impacts analysis for ozone 
and PM2.5 concentration changes due to Friant Ranch Project emissions. The HIA was 
completed using the air concentration data developed from CAMx, as described in 
Section 3.0, and using the EPA’s BenMAP-CE model. The results of the specific Project 
health impact analysis for ozone and PM2.5 are provided in this section. 

4.1 BenMAP-CE Overview 

The U.S. Environmental Protection Agency (EPA) Environmental Benefits Mapping 
and Analysis Program - Community Edition (BenMAP-CE) tool is a publicly available, 
PC-based open-source software that can be configured to relate the human health 
impacts and/or benefits to air quality changes. The program includes a subset of air 
quality monitoring data, recent and projected demographic and baseline health data, 
concentration-response relationships drawn from the published epidemiological 
literature, and economic value estimates based on the published economics 
literature. The principal function of the software is to apply the findings of 
epidemiological and economics studies to estimate the health impacts and economic 
value of air pollution changes. 

The latest version of BenMAP-CE is Version 1.5, which the EPA released in March 
2019. For analyses that are within the Continental United States, BenMAP-CE includes 
preloaded databases containing the concentration-response (C-R) relationships, 
population files, and health data needed to quantify the number and economic value 
of human health impacts resulting from changes in air quality - specifically, ground-
level ozone and fine particles such as PM2.5. Figure 8 summarizes the process that 
BenMAP-CE uses to calculate human health impacts. 

 

 

FIGURE 8. OVERVIEW OF THE PROCESS OF HEALTH IMPACT 
CALCULATIONS IN BENMAP-CE 
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To estimate human health effects, BenMAP-CE first determines the change in ambient 
air concentrations using user-specified air quality data for the baseline and controlled 
scenarios. The software then applies the relationship between the air concentrations 
with certain health effects (also known as health endpoints) using the health impact 
function or the C-R functions that were derived from epidemiology studies. BenMAP-
CE applies that relationship to the exposed population to calculate health impacts 
based on baseline health incidence data. 

4.2 Application of BenMAP-CE to the Friant Ranch Project 

As part of an overall health impact analysis (HIA) for the proposed Friant Ranch 
Community Development Project, this analysis used BenMAP-CE (Version 1.5) to 
quantify the potential human health effects from the Project’s emissions of ozone 
precursors and PM2.5. The sections below summarize the data sources and specific 
BenMAP-CE input and method selections made for this Project-level analysis, 
covering five key pieces of information:  
 

1. The ambient air quality data;  

2. Population data representing the population exposed to the change in air 
pollution;  

3. An analysis year;  

4. Health endpoints (health effects) and health impact functions; and  

5. The baseline rate of death and disease among the exposed population.  

4.2.1 Air Quality Data 

BenMAP-CE itself does not model changes in air pollutant emissions or the resultant 
concentrations. These data must be input into BenMAP-CE as dispersion modeling 
results or generated from air pollution monitoring data (some monitoring data is pre-
loaded in BenMAP-CE). The potential ambient air concentrations of ozone and PM2.5 
in the region where the Project is located were estimated using the CAMx as discussed 
in Section 3.0 of this report. As detailed, for each pollutant (ozone or PM2.5), each 
modeling year (Existing Baseline year 2020 or Future Baseline year 2031), and 
emissions for both unmitigated and mitigated conditions, each CAMx model run 
generated two sets of data:  

1. The ambient air concentrations based on the 2020 emissions inventory 
provided by CARB, for the corresponding modeling year, 2020 or scaled to 
2031 (referred to as the Existing Baseline year for 2020 and Future Baseline 
year for 2031); and  

2. The resulting ambient air concentrations generated by adding the Project’s 
emissions (unmitigated or mitigated) to the corresponding concentrations 
developed from the 2013 regional air emission inventory extrapolated by CARB 
to 2020 (as described in Section 3.5) and scaled for this HIA to 2031 (referred 
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to as the Existing Baseline plus Project scenarios for 2020, and the Future 
Baseline plus Project scenarios for 2031). 

As detailed in Section 3.7 of this report, due to the orders-of-magnitude smaller 
emissions from the Project as compared to the 2020 and 2031 Baseline emissions 
inventories, the difference between the two sets of data (air concentration delta or 
“delta”) was very small. This being the case, for informational purposes, even with 
the very small delta values between the two sets of concentration data and the 
inherent and unavoidable uncertainties associated with any CAMx modeling study, 
BenMAP-CE was used for this HIA to translate the potential Project-incurred changes 
in ambient air ozone and PM2.5 concentrations into potential human health outcomes 
of the Project. This approach is consistent with the EPA’s development and use of 
BenMAP-CE to understand potential regional health impact changes associated with 
concentration changes above baseline conditions. 

For each BenMAP-CE run, the corresponding grid that matches the CAMx results were 
defined in the BenMAP-CE’s Grid Definition database first. With the combination of 
pollutant and grid, a total of eight (8) BenMAP-CE model runs were conducted to 
determine the Project’s potential health impacts, as summarized below: 
 

• Ozone, Year 2020, Existing Baseline plus unmitigated Project emissions; 

• Ozone, Year 2020, Existing Baseline plus mitigated Project emissions; 

• Ozone, Year 2031, Future Baseline plus unmitigated Project emissions; 

• Ozone, Year 2031, Future Baseline plus mitigated Project emissions; 

• PM2.5, Year 2020, Existing Baseline plus unmitigated Project emissions; 

• PM2.5, Year 2020, Existing Baseline plus mitigated Project emissions; 

• PM2.5, Year 2031, Future Baseline plus unmitigated Project emissions; and 

• PM2.5, Year 2031, Future Baseline plus mitigated Project emissions. 

The CAMx-generated 2020 Existing Baseline and 2031 Future Baseline concentration 
datasets were imported into the BenMAP-CE program as base case Air Quality Data, 
and then post-Project (Baseline or Future plus Project, unmitigated and mitigated) 
concentration datasets were imported as “Control” Air Quality Data. Then BenMAP-
CE calculates change (air concentration delta) using Control minus either the Existing 
Baseline or Future Baseline scenarios from the CAMx-generated input files. 

4.2.2 Population Data 

A customized population dataset matching the air quality grid definitions described 
above was generated using the EPA’s PopGrid software for use in BenMAP-CE (EPA 
2021). The PopGrid program allocates the 2010 block-level U.S. Census data for the 
defined air quality grids. When importing the population datasets into BenMAP-CE, 
the “Use Population Growth Weights” checkbox was checked, so that BenMAP-CE can 
use the population weights file in forecasting population levels for future years up to 
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2050. The projected Friant Community Plan and Specific Plan population projections 
for 2020 and 2031 were added to the population for two grid cells, to ensure that the 
local population growth is not under-counted. 

4.2.3 Analysis Years 

Years 2020 and 2031 were selected for the BenMAP-CE runs, which represents the 
Project’s Existing Baseline year prior to start of construction in 2022, and the full 
build-out operational Future Baseline year 2031. In order to perform air quality 
modeling for this study, BlueScape obtained files processed from Ramboll, based 
upon air quality modeling from CARB, including the regional air quality emission 
inventory year 2020 from the SJVAPCD PM2.5 SIP Study. The regional emissions 
inventory for 2020 was then scaled to 2031 using growth factors. For the 2020 
analysis, the highest daily contribution of Project-related emissions for each pollutant 
was used in the photochemical modeling, from the construction to the full build-out 
year. Further, the most conservative emissions (in lb/day) for any Project 
development year from 2022 to 2031 were used in the model. 

4.2.4 Baseline Health Incidence Data 

This analysis used the health incidence dataset preloaded within BenMAP-CE. This 
includes the Mortality Incidence dataset for the mortality endpoint group (year 2020 
dataset for analysis year 2020, and year 2030 dataset for analysis year 2031), and 
the Other Incidence dataset for all the morbidity endpoint groups. 

Among the baseline health incidence datasets used, the 2020 BenMAP-CE endpoint 
groups match the Baseline scenario year (2020 for Existing Baseline year). The 2030 
BenMAP-CE endpoint groups for 2031 were used for the Future Baseline year 2031.  
The mortality C-R functions offer datasets in 5-year increments, so the 2030 dataset 
preceding the 2031 Project year was assumed representative and conservative. From 
air quality related health effect perspective, since the ambient air quality is generally 
getting better (i.e., lower air pollutant concentrations) with more stringent 
regulations and technology advancement over time, the older years’ datasets (i.e., 
using the 2030 mortality dataset for Project year 2031) will likely have greater health 
incidences; therefore, the results generated by this analysis are expected to be 
adequately conservative. 

4.2.5 Health Endpoints and Health Impact Functions 

The EPA-provided health endpoints functions contained in the BenMAP-CE software 
were used for this analyses. For the same pollutant-health endpoint (like acute 
respiratory symptoms or asthma exacerbation, for example), BenMAP-CE contains 
many different functions developed from different epidemiologic studies. This 
analysis selected the functions that were either studies conducted in California, 
and/or studies that were conducted for multiple cities and counties in the United 
States.  
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More detailed information regarding the BenMAP-CE setup for each model run can be 
found in the attached BenMAP-CE Audit Trial Reports (Appendix B). 

4.3 BenMAP-CE Modeling Results and Results Interpretation 

For each of the modeled grid cells, BenMAP-CE generates the health incidence value 
resulting from the Project’s incremental increase in air pollutant concentrations that 
corresponds with each health endpoint and each C-R function. For many of the health 
endpoints (e.g., respiratory hospital admissions), the premade setups in BenMAP-CE 
contain many different C-R functions from different studies. To summarize the 
regional health incidence estimates, the incidence results were exported into an 
Access database and summed across all cells of the modeled geographic grid to 
generate one set of numerical values for each pollutant-health endpoint group 
combination.   

Tables 16 through 23 summarize the BenMAP-CE results of ozone and PM2.5 from the 
Project, for both the Existing Baseline year 2020 and Future Baseline year 2031 and 
unmitigated and mitigated Project emission inventories. Each table contains the 
following columns: 

• Group – General grouping of health impact outcomes; 

• Health Endpoint – Specific health endpoint in the Health Endpoint Group. 
Numbers in braces represent the age range for the specific health endpoints, 
and for specific health endpoints without a specified age range, the age range 
is for 0 to 99 years old; 

• Mean – the mean number of health incidences estimated to occur due to 
Project-related emissions above the value reported in the column Baseline 
Incidence (# per year); 

• 95% Confidence Interval – In statistics, a confidence interval (CI) provides a 
range of health incidences for which the true health incidence resides. The 
95% CI is a common value reported by researchers. The interpretation of the 
95% CI means that a researcher is 95% confident that the true health 
incidence falls within the associated range of health incidences; 

• Baseline Incidence (# per year) – The BenMAP-CE baseline health incidences 
for the Health Endpoint; and 

• Incremental Incidence / Existing Baseline Incidence (%) – The percent 
increase of health incidences above the baseline calculated as the “Mean” 
divided by the “Baseline Incidence (# per year)” times 100. 

As the data shown in these tables demonstrate, the maximum regional health impacts 
associated with the emissions of ozone precursors and corresponding formation of 
ozone in the atmosphere associated with the construction and operation of the Project 
included incidences of respiratory-related hospital admissions (0.0047 maximum 
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incidences/year), mortality (0.012 maximum incidences/year), and asthma-related 
emergency room visits (0.0765 maximum incidences/year) for all studied age groups 
combined. The Project’s incremental health incidences for ozone are less than 
0.0003% for any of the baseline number of health endpoint occurrences. The baseline 
is the actual health effect occurrences measured in the regional population without 
the emissions produced by the Project.  

The maximum regional health impacts associated with emissions of PM2.5 resulting 
from the construction and operation of the Project included incidences of acute 
myocardial infarction (0.0254 maximum incidences/year), mortality (0.35 maximum 
incidences/year), hospital admissions (0.114 maximum incidences/year) and 
asthma-related emergency room visits (0.20 maximum incidences/year) for all 
studied age groups combined. The Project’s incremental health incidences for PM2.5 
are less than 0.00054% for any of the baseline number of health endpoint 
occurrences. The baseline is the actual health effect occurrences measured in the 
regional population without the emissions produced by the Project. 

The very small Project-related changes in health endpoint occurrences, relative to 
the substantially larger number of baseline health endpoint occurrences, 
demonstrates that the Project provides a negligible contribution to regional health 
impacts; therefore, Fresno County can consider the Project-related health impacts to 
not be meaningful. In other words, the Project impact is not likely discernible as 
different than zero, as discussed below. 

The health incidences estimated for modeled Project changes in ozone and PM2.5 
concentrations are calculated within a range that is called the 95% confidence 
interval. The 95% confidence interval is a standard metric for statistical significance 
of an estimated unknown parameter from the observed data. It essentially means 
that 95% of the estimates of the health impact related to a change in concentration 
(estimated by 4 km grid cell) will include the most likely value within the distribution, 
but 5% won't (i.e., there is a 1‐in‐20 chance that the reported confidence intervals in 
Tables 16-23 do not include the true values). The health incidence values estimated 
for Tables 16-24 are the composite of values calculated for all the 4 km grid cells 
included within the modeling domain. 

Based upon the wide range of Project incremental health incidence values calculated 
for the 95% CI shown in the tables, the reported positive mean Project incremental 
health incidence values are of high statistical uncertainty. In cases where there are 
negative health incidence values within the 95% confidence interval, meaning the 
interval includes zero, the result is highly uncertain and there is very low confidence 
that the result is statistically different than zero. In cases where the health incidence 
values within the 95% confidence interval are greater than zero but less than one, 
the values are also a negligible fraction of the background incidence values. In both 
cases, it is not expected that the Project will result in any meaningful health impact 
greater than zero that can be established with any certainty. 
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TABLE 16  
BENMAP-CE MODELING RESULTS FOR MAXIMUM DAILY 8-HOUR (MDA8) 

AVERAGE OZONE, EXISTNG BASELINE YEAR 2020, UNMITIGATED  

Human Health Endpoints Aggregated Regional Results 

Incremental 
Incidence / 

Existing 
Baseline 

Incidence 
(%) 

Health 
Endpoint 

Group Health Endpoint 

Project Incremental 
Incidence 

(# per year) 

Baseline 
Incidence  

(# per year) 
Mean 

95% 
Confidence 

Interval 

Acute 
Respiratory 
Symptoms 

Minor Restricted 
Activity Days 10.959 4.5235 - 

17.3852 28,359,911 0.000039% 

Asthma 
Exacerbation 

One or More 
Symptoms 1.6894 -8.6578 - 

12.0214 12,205,190 0.000014% 

Emergency 
Room Visits 
-Respiratory 

Emergency Room 
Visits  Asthma  
[0-17] 

0.0354 0.0064 - 
0.0645 14,828 0.000239% 

Emergency 
Room Visits 
-Respiratory 

Emergency Room 
Visits  Asthma 
[18-99] 

0.0239 0.0066 - 
0.0412 20,037 0.000119% 

Hospital 
Admissions  
Respiratory 

HA All Respiratory 0.0027 -0.0006 - 
0.0061 24,743 0.000011% 

Mortality 

All Cause 0.0076 0.0036 - 
0.0115 51,215 0.000015% 

Cardiopulmonary 0.0027 0.001 - 
0.0044 17,114 0.000016% 

Non-Accidental 0.0019 -0.0005 - 
0.0043 38,717 0.000005% 

Respiratory 0.0036 0.0012 - 
0.006 4,213 0.000085% 

School Loss 
Days All Cause 9.0324 -1.0498 - 

19.0997 7,988,290 0.000113% 
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TABLE 17  
BENMAP-CE MODELING RESUTS FOR MAXIMUM DAILY 8-HOUR AVERAGE (MDA8) 

OZONE, EXISTING BASELINE YEAR 2020, MITIGATED 

Human Health Endpoints Aggregated Regional Results 

Incremental 
Incidence / 

Existing 
Baseline 

Incidence 
(%) 

Health 
Endpoint 

Group 
Health 

Endpoint 

Project 
Incremental 

Incidence  
(# per year) 

Baseline 
Incidence  

(# per year) Mean 

95% 
Confidence 

Interval 

Acute 
Respiratory 
Symptoms 

Minor Restricted 
Activity Days 10.301 

4.252 - 
16.3417 28,359,911 0.000036% 

Asthma 
Exacerbation 

One or More 
Symptoms 1.5930 

-8.1641 - 
11.3359 12,205,190 0.000013% 

Emergency 
Room Visits -
Respiratory 

Emergency 
Room Visits  
Asthma [0-17] 

0.0322 
0.0058 - 
0.0585 14,828 0.000217% 

Emergency 
Room Visits -
Respiratory 

Emergency 
Room Visits  
Asthma [18-99] 

0.0225 
0.0062 - 
0.0388 20,037 0.000112% 

Hospital 
Admissions  
Respiratory 

HA All 
Respiratory 0.0026 

-0.0006 - 
0.0057 24,743 0.000010% 

Mortality 

All Cause 0.0070 
0.0034 - 
0.0107 51,215 0.000014% 

Cardiopulmonary 0.0025 
0.001 - 
0.0041 17,114 0.000015% 

Non-Accidental 0.0017 
-0.0005 - 

0.004 38,717 0.000005% 

Respiratory 0.0033 
0.0011 - 
0.0055 4,213 0.000079% 

School Loss 
Days All Cause 8.5184 

-0.99 - 
18.0129 7,988,290 0.000107% 
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TABLE 18  
BENMAP-CE MODELING RESULTS FOR MAXIMUM DAILY 8-HOUR (MDA8) 

AVERAGE OZONE, FUTURE BASELINE YEAR 2031, UNMITIGATED 

Human Health Endpoints Aggregated Regional Results 

Incremental 
Incidence / 

Existing 
Baseline 

Incidence 
(%) 

Health 
Endpoint 

Group 
Health 

Endpoint 

Project Incremental 
Incidence  

(# per year) Baseline 
Incidence  

(# per 
year) Mean 

95% 
Confidence 

Interval 

Acute 
Respiratory 
Symptoms 

Minor Restricted 
Activity Days 14.5060 5.9875 - 

23.0121 30,640,682 0.000047% 

Asthma 
Exacerbation 

One or More 
Symptoms 2.4333 -12.4705 - 

17.3154 13,815,762 0.000018% 

Emergency 
Room Visits -
Respiratory 

Emergency 
Room Visits  
Asthma [0-17] 

0.0427 0.0077 - 
0.0777 16,541 0.000258% 

Emergency 
Room Visits -
Respiratory 

Emergency 
Room Visits  
Asthma [18-99] 

0.0338 0.0093 - 
0.0582 22,666 0.000149% 

Hospital 
Admissions  
Respiratory 

HA All 
Respiratory 0.0047 -0.0011 - 

0.0104 34,277 0.000014% 

Mortality 

All Cause 0.0120 0.0057 - 
0.0182 67,316 0.000018% 

Cardiopulmonary 0.0045 0.0017 - 
0.0073 23,263 0.000019% 

Non-Accidental 0.0030 -0.0008 - 
0.0068 51,566 0.000006% 

Respiratory 0.0058 0.002 - 
0.0097 5,750 0.000101% 

School Loss 
Days All Cause 13.0657 -1.5185 - 

27.6286 9,097,769 0.000144% 
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TABLE 19  
BENMAP-CE MODELING RESULTS FOR MAXIMUM DAILY 8-HOUR AVERAGE (MDA8) OZONE, FUTURE BASELINE YEAR 2031, 

MITIGATED 

Human Health Endpoints Aggregated Regional Results 
Incremental 
Incidence / 

Existing Baseline 
Incidence 

(%) Health Endpoint Group Health Endpoint 

Project Incremental Incidence 
(# per year) Baseline 

Incidence  
(# per year) Mean 

95% Confidence 
Interval 

Acute Respiratory Symptoms Minor Restricted Activity 
Days 13.7277 5.6663 - 21.7775 30,640,682 0.000045% 

Asthma Exacerbation One or More Symptoms 2.3068 -11.822 - 16.4149 13,815,762 0.000017% 

Emergency Room Visits -
Respiratory 

Emergency Room Visits  
Asthma [0-17] 0.0393 0.0071 - 0.0714 16,541 0.000237% 

Emergency Room Visits -
Respiratory 

Emergency Room Visits  
Asthma [18-99] 0.0320 0.0088 - 0.0551 22,666 0.000141% 

Hospital Admissions Respiratory HA All Respiratory 0.0044 -0.001 - 0.0098 34,277 0.000013% 

Mortality 

All Cause 0.0112 0.0053 - 0.0171 67,316 0.000017% 

Cardiopulmonary 0.0042 0.0016 - 0.0068 23,263 0.000018% 

Non-Accidental 0.0028 -0.0008 - 0.0064 51,566 0.000005% 

Respiratory 0.0055 0.0018 - 0.0091 5,750 0.000095% 

School Loss Days All Cause 12.3866 -1.4396 - 26.1926 9,097,769 0.000136% 
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TABLE 20  
BENMAP-CE MODELING RESULTS FOR MAXIMUM ANNUAL 24-HOUR AVERAGE PM2.5, EXISTING BASELINE YEAR 2020, 

UNMITIGATED 

Human Health Endpoints 

Fine Modeling Grid 

Aggregated Regional Results 

Incremental 
Incidence / Existing 
Baseline Incidence 

(%) Health Endpoint Group Health Endpoint 

Project Incremental Incidence 
(# per year) Baseline 

Incidence  
(# per year) Mean 

95% Confidence 
Interval 

Acute Myocardial Infarction 

Acute Myocardial 
Infarction  Nonfatal  
[18-24] 

0.00001 0.000006 - 0.000018 9 0.000142% 

Acute Myocardial 
Infarction  Nonfatal  
[25-44] 

0.00085 0.000409 - 0.001281 462 0.000183% 

Acute Myocardial 
Infarction  Nonfatal  
[45-54] 

0.00179 0.000866 - 0.002715 1,047 0.000171% 

Acute Myocardial 
Infarction  Nonfatal  
[55-64] 

0.00396 0.001916 - 0.006004 2,152 0.000184% 

Acute Myocardial 
Infarction  Nonfatal  
[65-99] 

0.01032 0.004989 - 0.015636 5,353 0.000193% 

Emergency Room Visits - 
Respiratory Asthma 0.14501 0.038122 - 0.251735 34,865 0.000416% 

Hospital Admissions   

All Cardiovascular (less 
Myocardial Infarctions) 0.01930 0.014227 - 0.024364 28,261 0.000068% 

All Respiratory 0.03885 0.022404 - 0.055276 24,743 0.000157% 

Asthma 0.01182 0.004526 - 0.019101 4,381 0.000270% 

Mortality All Cause 0.21796 0.147276 - 0.288536 49,417 0.000441% 
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TABLE 21  
BENMAP-CE MODELING RESULTS FOR MAXIMUM ANNUAL 24-HOUR AVERAGE 

PM2.5, EXISTING BASELINE YEAR 2020, MITIGATED 

Human Health Endpoints 

Fine Modeling Grid 

Aggregated Regional Results 
Incremental 
Incidence / 

Existing 
Baseline 

Incidence 
(%) 

Health Endpoint 
Group 

Health 
Endpoint 

Project Incremental 
Incidence (# per year) 

Baseline 
Incidence  

(# per year) Mean 

95% 
Confidence 

Interval 

Acute Myocardial 
Infarction 

Acute 
Myocardial 
Infarction  
Nonfatal  
[18-24] 

0.00001 0.000005 - 
0.000017 9 0.000127% 

Acute 
Myocardial 
Infarction  
Nonfatal  
[25-44] 

0.00075 0.000365 - 
0.001144 462 0.000163% 

Acute 
Myocardial 
Infarction  
Nonfatal  
[45-54] 

0.00160 0.000774 - 
0.002426 1,047 0.000153% 

Acute 
Myocardial 
Infarction  
Nonfatal  
[55-64] 

0.00354 0.001711 - 
0.005362 2,152 0.000164% 

Acute 
Myocardial 
Infarction  
Nonfatal  
[65-99] 

0.00918 0.004441 - 
0.013917 5,353 0.000172% 

Emergency Room 
Visits - 
Respiratory 

Asthma 0.12804 0.033662 - 
0.222282 34,865 0.000367% 

Hospital 
Admissions   

All 
Cardiovascular 
(less 
Myocardial 
Infarctions) 

0.01718 0.012668 - 
0.021695 28,261 0.000061% 

All Respiratory 0.03461 0.019959 - 
0.049244 24,743 0.000140% 
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TABLE 21  
BENMAP-CE MODELING RESULTS FOR MAXIMUM ANNUAL 24-HOUR AVERAGE 

PM2.5, EXISTING BASELINE YEAR 2020, MITIGATED 

Human Health Endpoints 

Fine Modeling Grid 

Aggregated Regional Results 
Incremental 
Incidence / 

Existing 
Baseline 

Incidence 
(%) 

Health Endpoint 
Group 

Health 
Endpoint 

Project Incremental 
Incidence (# per year) 

Baseline 
Incidence  

(# per year) Mean 

95% 
Confidence 

Interval 

Asthma 0.01039 0.003977 - 
0.016787 4,381 0.000237% 

Mortality All Cause 0.19398 0.131076 - 
0.256798 49,417 0.000393% 

 
 
 

TABLE 22  
BENMAP-CE MODELING RESULTS FOR MAXIMUM ANNUAL 24-HOUR AVERAGE 

PM2.5, FUTURE BASELINE YEAR 2031, UNMITIGATED 

Human Health Endpoints 

Fine Modeling Grid 

Aggregated Regional Results 

Incremental 
Incidence / 

Existing 
Baseline 

Incidence 
(%) 

Health Endpoint 
Group 

Health 
Endpoint 

Project Incremental 
Incidence 

(# per year) 

Baseline 
Incidence  

(# per year) 
Mean 

95% 
Confidence 

Interval 

Acute Myocardial 
Infarction 

Acute 
Myocardial 
Infarction  
Nonfatal  
[18-24] 

0.00002 0.000008 - 
0.000024 9 0.000174% 

Acute 
Myocardial 
Infarction  
Nonfatal  
[25-44] 

0.00120 0.00058 - 
0.001817 548 0.000219% 

Acute 
Myocardial 
Infarction  
Nonfatal  
[45-54] 

0.00259 0.001254 - 
0.003931 1,187 0.000218% 

Acute 
Myocardial 0.00448 0.002165 - 

0.006787 2,072 0.000216% 
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TABLE 22  
BENMAP-CE MODELING RESULTS FOR MAXIMUM ANNUAL 24-HOUR AVERAGE 

PM2.5, FUTURE BASELINE YEAR 2031, UNMITIGATED 

Human Health Endpoints 

Fine Modeling Grid 

Aggregated Regional Results 

Incremental 
Incidence / 

Existing 
Baseline 

Incidence 
(%) 

Health Endpoint 
Group 

Health 
Endpoint 

Project Incremental 
Incidence 

(# per year) 

Baseline 
Incidence  

(# per year) 
Mean 

95% 
Confidence 

Interval 

Infarction  
Nonfatal  
[55-64] 

Acute 
Myocardial 
Infarction  
Nonfatal  
[65-99] 

0.01711 0.008276 - 
0.025939 7,348 0.000233% 

Emergency Room 
Visits - 
Respiratory 

Asthma 0.20129 0.05292 - 
0.34944 39,207 0.000513% 

Hospital 
Admissions   

All 
Cardiovascular 
(less 
Myocardial 
Infarctions) 

0.03239 0.023878 - 
0.040894 39,203 0.000083% 

All Respiratory 0.06536 0.037689 - 
0.092987 34,277 0.000191% 

Asthma 0.01597 0.006114 - 
0.025805 4,762 0.000335% 

Mortality All Cause 0.35149 0.237503 - 
0.465302 65,401 0.000537% 
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TABLE 23  
BENMAP-CE MODELING RESULTS FOR MAXIMUM ANNUAL 24-HOUR AVERAGE 

PM2.5, FUTURE BASELINE YEAR 2031, MITIGATED 

Human Health Endpoints 

Fine Modeling Grid 

Aggregated Regional Results 

Incremental 
Incidence / 

Existing 
Baseline 

Incidence 
(%) 

Health 
Endpoint 
Group 

Health 
Endpoint 

Project Incremental 
Incidence  

(# per year) 

Baseline 
Incidence  

(# per year) Mean 

95% 
Confidence 

Interval 

Acute Myocardial 
Infarction 

Acute 
Myocardial 
Infarction  
Nonfatal  
[18-24] 

0.00001 0.000007 - 
0.000022 9 0.000157% 

Acute 
Myocardial 
Infarction  
Nonfatal  
[25-44] 

0.00108 0.000523 - 
0.001639 548 0.000197% 

Acute 
Myocardial 
Infarction  
Nonfatal  
[45-54] 

0.00234 0.001131 - 
0.003546 1,187 0.000197% 

Acute 
Myocardial 
Infarction  
Nonfatal  
[55-64] 

0.00404 0.001955 - 
0.006126 2,072 0.000195% 

Acute 
Myocardial 
Infarction  
Nonfatal  
[65-99] 

0.01539 0.007441 - 
0.023321 7,348 0.000209% 

Emergency 
Room Visits - 
Respiratory 

Asthma 0.17935 0.047151 - 
0.31135 39,207 0.000457% 



Friant Ranch Project  
Friant, California  

Regional Air Quality Modeling 
& Health Impact Analysis 

 

 
BlueScape Environmental 39  August 4, 2021 
 

TABLE 23  
BENMAP-CE MODELING RESULTS FOR MAXIMUM ANNUAL 24-HOUR AVERAGE 

PM2.5, FUTURE BASELINE YEAR 2031, MITIGATED 

Human Health Endpoints 

Fine Modeling Grid 

Aggregated Regional Results 

Incremental 
Incidence / 

Existing 
Baseline 

Incidence 
(%) 

Health 
Endpoint 
Group 

Health 
Endpoint 

Project Incremental 
Incidence  

(# per year) 

Baseline 
Incidence  

(# per year) Mean 

95% 
Confidence 

Interval 

Hospital 
Admissions   

All 
Cardiovascular 
(less Myocardial 

Infarctions) 

0.02913 0.021476 - 
0.036781 39,203 0.000074% 

All Respiratory 0.05879 0.033903 - 
0.083645 34,277 0.000172% 

Asthma 0.01415 0.005419 - 
0.02287 4,762 0.000297% 

Mortality All Cause 0.31574 0.213348 - 
0.41798 65,401 0.000483% 

 

5.0 UNCERTAINTY IN PHOTOCHEMICAL MODELING AND HEALTH IMPACT 
ANALYSIS 

 

Air quality impact analysis and health impact studies and the results, as for any 
technical or scientific study, are subject to “uncertainty.” Uncertainty means that 
there is a range of possible values for the inputs to the modeling studies in which 
exist the true values, and therefore, there is uncertainty as well in the modeling study 
outputs. Conclusions from these studies should be made with consideration of the 
uncertainty. Section 5.1 focuses on uncertainty related to photochemical modeling 
for air concentration results. Section 5.2 discusses the uncertainty involved in relating 
concentration data to specific health impact results.  

5.1 Uncertainty in Photochemical Modeling 

Uncertainty addresses the potential variability in photochemical modeling 
concentration results. Variability in a value is due to the differences in the value 
among different members of a population (e.g., ozone or PM2.5 measurements from 
identical instruments over a common area, precipitation measured from identical rain 
gauges over a common area). Variability represents heterogeneity in a well-
characterized population and is usually not reducible through further measurement. 
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Uncertainty in a value arises due to lack of knowledge regarding the true value of a 
quantity for a given member of a population (e.g., an emissions factor used to 
characterize emissions from automobiles, a speciation factor to split total organic 
gases into its constituent chemical species). Uncertainty represents lack of perfect 
knowledge about poorly characterized phenomena and is sometimes reducible 
through further measurement. 

There has been much research on sensitivities and uncertainties regarding the 
evaluation of environmental models (Hanna et. al. 2001, Biswas and Rao 2001, Baker 
and Bash 2012). It is widely recognized that full and perfect validation of a chemical 
transport model against real, natural systems cannot be accomplished by computer 
modeling systems, because natural systems are never closed, and results are always 
unique. Thus, a model can be evaluated by comparisons with observations, but it can 
never be fully validated against natural systems because all possible scenarios cannot 
be anticipated nor included in modeling systems. 

A computational photochemical model such as CAMx is used to describe through 
mathematical representation, the complex and dynamic physical and chemical 
processes occurring in the atmosphere, in order to calculate regional air pollutant 
concentration impacts due to anthropogenic and biogenic emissions (Leary 1976). As 
an attempt to mathematically represent physical reality, CAMx modeling is subject to 
uncertainty that can cause error in model outputs. These uncertainties must be 
understood to properly validate and interpret CAMx model results. 

Uncertainty and error in CAMx predictions arise due to uncertainty and error in the 
data inputs to CAMx (e.g., emissions estimates, boundary conditions, meteorological 
predictions, chemistry, grid resolution, and model formulation) as well as the model 
formulation itself (Sathya et. al. 2000, Fine et. al. 2003).  

Estimates of emissions are typically the most uncertain inputs to a photochemical 
model (NRC 1991). Emissions estimates include those from on- and off-road mobile 
sources (e.g., cars, trucks, agricultural equipment such as combines and tractors, 
airplanes and ocean-going vessels, lawnmowers), biogenics, stationary sources (e.g., 
power plants, large dairies), and area sources (e.g., restaurant charbroiling, gasoline 
stations), among others. A vast amount of data is necessary to estimate emissions 
from these sources (e.g., fuel consumption, number of lawnmowers, number of cows) 
utilizing other models (e.g., the Biogenic Emissions Inventory System (EPA 2018c), 
SMOKE (CMAS 2018) and tools. Given the suspect quality of some of these data, it 
is not surprising that there are large uncertainties in the resulting emissions 
estimates that are input into CAMx. 

Observational data or attendant climate model predictions that are used to initialize 
the meteorological and photochemical models, provide boundary conditions, or 
evaluate model performance are uncertain due to limited characterization of their 
spatial and temporal variability. Observational data are variable and uncertain due to 
monitoring equipment, user error, monitoring network design, and issues with proper 
instrument calibration. Some pollutant species are easier to measure than others. 
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For example, measurements of NOx may actually capture NOy, which includes NOx 
plus products of NOx oxidation (CARB 1992).  

WRF too is a mathematical representation of the atmospheric processes that drive 
weather; thus, it is also subject to uncertainties in model formulation and model 
inputs. The meteorological model relies on observations typically lacking in the spatial 
and temporal detail needed to initialize meteorological fields. The application of four-
dimensional data assimilation dampens the temporal growth in errors by causing 
model results to conform to observations at regular intervals (Stauffer and Seaman 
1990). Specifically, the three components of wind velocity calculated as a function of 
time are nudged toward measured values, and in so doing, reduce the amount of 
observational data remaining for performance evaluation. Thus, the WRF 
meteorological predictions that are input into CAMx are subject to uncertainty. 

A complete understanding of atmospheric chemistry is unknown. The atmosphere 
has hundreds to thousands of chemical species that participate in thousands of 
chemical reactions. How fast these reactions take place and the products of these 
reactions are still not well known (EPRI 2000). Even if known completely, atmospheric 
chemistry cannot be represented in its entirety because it would impose excessive 
computational demands (Russell and Dennis 2000). 

Additional uncertainty can be introduced due to the choice of grid resolution. It is well 
known that grid resolution can impact model predictions (Gillani and Pleim 1996). 
Further, studies have shown that the use of air quality model predictions at various 
grid resolutions can impact predicted health outcomes (Thompson and Noelle 2012). 

Uncertainties associated with model formulation (e.g., representing atmospheric 
turbulence, processes that remove chemicals from the atmosphere, representation 
of aerosol formation and portioning to aerosol sizes [PM2.5, PM10], and the numerical 
techniques used to solve the mathematical equations) in the models described above 
can cause generally incomplete representations. Simplified representations are 
necessary when knowledge is incomplete, or when a more precise formulation 
excessively increases computational requirements. Further, there typically exists 
more than one formulation to represent a process; thus, choosing one inevitably 
means accepting some uncertainties over another (NRC 1991, Barchet et. al. 1994). 

5.2 Uncertainty in Health Impact Analysis 

As many regional-scale health impact assessments and this project-level analysis 
demonstrate, performing a quantitative HIA is complex and difficult, but it is possible 
to perform such analyses. Nevertheless, the limits of such analyses should be noted. 
The BenMAP-CE model outputs provide precise values. It would be inappropriate, 
however, to assume that these values, though seemingly precise, give an accurate 
understanding of the project’s actual impacts. The imprecision of such analyses is 
inherent and unavoidable. Uncertainties associated with air quality modeling have 
been discussed above. Air quality models, including CAMx and BenMAP-CE, rely on 
assumptions that may not fully or accurately capture the complexity or dynamism of 
the physical world. Each step in the modeling process, and each assumption 
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incorporated into each model, adds a degree of uncertainty to the reported results. 
These inputs include air pollutant emission estimates, ambient air concentration 
modeling, and health impact calculations using various health impact functions.  

The combination and compounding of the uncertainties from each step of the 
modeling analysis, in the context of the very small increments of change that are 
predicted associated with a single project, could result in large margins of error for 
the overall modeled outcomes. That does not necessarily mean the modeled results 
are invalid or meaningless. Rather, it means that one should not have undue 
confidence in the seeming precision of the reported outcome. In other words, the 
modeled results may be valid, but they should not be misinterpreted as an exact 
calculation of something as complex as criteria air pollutant dispersion modeling, or 
as correlating a given level of emissions with specific health effects. This is 
particularly true where, as in this study, regional models have been adapted for use 
at the Project-level. In this case, the calculated impact may be smaller than the 
reasonable margin of errors of such analyses.  

Specific to the application of the BenMAP-CE model itself, although it can be a 
powerful tool, it has the following limitations which impact the precision of the 
generated results. These are especially relevant when applying this tool to a project-
level analysis such as this study. 

• In its current form, BenMAP–CE cannot conduct source-specific modeling 
without inputs from other modeling programs, such as CAMx. The differences 
among the mathematical and/or statistical algorithms used by these additional 
air quality modeling programs and those used by BenMAP-CE to process the 
air quality inputs and then correlate these inputs to specific health effects 
introduces layers of uncertainty into the generated results. In addition, the air 
pollutant concentrations that BenMAP–CE uses represent overall ambient 
concentrations of ozone and PM2.5. Due to the fact that the estimated emissions 
from the Project are a very small fraction of the base case regional emission 
inventory, the incremental increase in concentrations and health incidences 
associated with the Project, as shown in this analysis, are very small, with very 
low confidence that the results represent any health impacts greater than zero. 
Therefore, the small incremental increase in concentrations generated by the 
Project in the context of regional-scale ambient air modeling should not be 
taken as a precise or meaningful representation of the Project-specific 
contributions.  

• There are a number of conservative assumptions built into the analysis, which 
include but are not limited to the following: 
 
o Maximum annual average emissions were used in the modeling and were 

assumed to occur for the same year for each pollutant, as opposed to 
considering the potential variabilities in emissions from year to year; and 
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o Emissions from activities currently occurring on the project site were not 
removed from the model (although emissions from project-related VMT are 
net of existing mobile-source emissions in the traffic study area). 

• The health impact functions that BenMAP-CE uses are based on findings from 
population‐based epidemiological studies that develop statistical relationships 
between human health effects and air pollution exposures. Thus, each cause-
and-effect relationship used by BenMAP-CE has some inherent uncertainty due 
to important limitations associated with the epidemiological studies including 
but not limited to (Sacks et. al. 2018): 

o The absence in the analysis of any linkage between predicted changes in 
ozone and PM2.5 concentrations associated with project operations and any 
specific individual health impact; instead, the analysis uses studies that 
report correlations between health effects and exposure to ozone and PM2.5, 
to estimate potential effects on the population in the modeling domain; 

o Difficulty in determining from epidemiological studies whether health 
effects are caused from exposure to the air pollutant of interest, or from 
other factors such as weather, other pollutants, or life style factors like 
smoking and diet;  

o Inconsistencies across different epidemiological studies regarding the 
cause-and-effect relationship for the same pollutant and health endpoint 
combination, as demonstrated by the multiple health impact functions 
preloaded in BenMAP-CE for the same pollutant and health endpoint 
combinations; 

o Limitations in application of concentration-response functions based on 
epidemiological studies. For example, estimates of all-cause mortality 
impacts from PM2.5 are based on a single epidemiological study that found 
an association between PM2.5 concentrations and mortality. Similar studies 
suggest that such an association exists, but uncertainty remains regarding 
a clear causal link. This uncertainty stems from the limitations of 
epidemiological studies, such as inadequate exposure estimates and the 
inability to control for many factors that could explain the association 
between PM2.5 and mortality, such as lifestyle factors like smoking or 
exposures to other air pollutants; 
 

o The potential for overstating the overall impacts, since, for both the PM2.5 
and ozone health effects calculated, each pollutant may confound the other 
and both air pollutants could contribute to the health effect outcomes 
evaluated; and 
 

o The presumption in the estimate of health effects that impacts seen at large 
concentration differences can be linearly scaled down to small 
concentration differences, with no consideration of the potential thresholds 
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below which health effects may not occur. This method of linearly scaling 
impacts is broadly accepted for use in regulatory evaluations and is 
considered to be health protective.  

• There is inherent uncertainty in the reporting of health effects. For example, 
asthma exacerbations may be reported as other conditions that fall under 
another endpoint group. This uncertainty in how health conditions are reported 
or categorized under various health studies not only increases the difficulty 
and uncertainty in the development of cause-and-effect relationships, but also 
increases the uncertainty of the reported baseline health incidence data.  

• The estimated health impact by BenMAP-CE is based on people’s assumed 
exposures to outdoor ambient air concentrations; however, these 
concentration values may be very different from the actual exposures that 
people experience. For example, ozone and PM2.5 exposures may be 
significantly lower for those who spend much of their day indoors. 

 

6.0 CONCLUSIONS 
 

This Health Impact Analysis (HIA) reviewed the potential regional impacts from 
increased emissions due to the Friant Ranch Project, including the Community Plan 
and Specific Plan developments. The study included construction and operational 
emissions of the ozone precursors NOx and ROG (or VOC, as a subset of TOG) and 
particulate matter (PM10 and PM2.5). The HIA reviewed the Project’s potential regional 
ozone and PM2.5 concentration impacts, and specific health impacts, above expected 
baseline conditions. 

Existing Baseline year and Future Baseline year (2020 and 2031) regional air quality 
modeling scenario databases were simulated using the CAMx modeling system. CAMx 
was used to apportion pollutant emission increases to Project emissions, including 
unmitigated and mitigated scenarios. The CAMx modeling estimated that the Project's 
emissions will increase the regional maximum daily 8-hour (MDA8) average ozone 
concentration by a maximum of 0.013 ppbv for the 2031 unmitigated scenario. Thus, 
the ozone concentration changes above baseline conditions for all modeled scenarios 
are expected to be less than 1.3% of the 1 ppb Significant Impact Level (SIL). The 
ozone concentration changes due to the Friant Ranch Project can be considered by 
Fresno County to contribute little to regional ozone formation, such that the specific 
health impacts due to the Project-related ozone concentration changes are not 
expected to be meaningful. 

The maximum regional annual 24-hour average PM2.5 concentration change due to 
the Project was estimated to be 0.058 µg/m3 for the 2031 unmitigated scenario. The 
PM2.5 concentration changes above baseline conditions for all modeled scenarios are 
expected to be less than 29% of the 0.2 µg/m3 SIL. Thus, the changes in emissions 
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due to the Friant Ranch Project can be considered by Fresno County to contribute 
little to regional PM2.5 concentrations, such that the specific health impacts due to the 
PM2.5 concentration changes are not expected to be meaningful. 

While the CAMx modeling results show that ozone and PM2.5 concentration impacts 
from the Project above baseline conditions are not expected to be meaningful, 
BlueScape completed specific health impact modeling. The health impact modeling 
provides additional information that may be useful to Fresno County and the public, 
and is intended to meet the evidentiary requirements stated the Friant Ranch Case. 
The specific health impacts for these pollutants were estimated using the BenMAP-
CE health assessment model. The ozone and PM2.5 concentration changes above 
baseline modeled by CAMx were converted to effects (or incidences) on various health 
endpoints including premature mortality, hospitalizations, and emergency room 
visits, and others, and then compared to the “background health incidence.” The 
background health incidence is the actual incidence of health effects as measured in 
the local population in the absence of additional emissions from the Project. 

The results of the BenMAP-CE health incidence calculations for the Friant Ranch 
Project are shown in Section 4.3 of this report. For example, the analysis shows that 
for ozone-related health endpoints for the 2031 Project unmitigated scenario, 
asthma-related emergency room visits are: incidences/year = 0.0338 for adults ages 
18 to 99, and incidences/year = 0.0427 for children ages 0 to 17. For the PM2.5-
related health endpoints, for the Project 2031 unmitigated scenario, the health effect 
on mortality is: incidences/year = 0.35.  

When taken into context, the Project-related change in health incidences/year is very 
small relative to background health incidences. Using the example provided, the 
largest Project-related ozone health incidence calculated for any scenario for asthma 
related emergency room visits by children age 0-17 represents 0.00026% of the total 
of all regional emergency room visits due to asthma. The largest Project-related PM2.5 
health incidence for mortality calculated for any scenario represents 0.00054% of the 
total of all regional deaths. As the health incidence values estimated for Friant Ranch 
Project emissions are less than one, and a negligible fraction of the background 
incidence values, it is not expected that the Project will result in any meaningful 
health impact greater than zero, that can be established with any certainty. 
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APPENDIX A 

CAMx Modeling Input and Output  
(list of electronic files) 

 

The input and output files used and generated by the CAMx models are detailed in 
the following table. 

NOTE: An asterisk (*) indicates a wildcard, meant to indicate one or more files 
following that file naming pattern. Most filesets in this list contain one file per day for 
an entire year (modeled or meteorological). 

 
TABLE A-1 

MODELING INPUT AND OUTPUT FILES 

Filename Description 

Input files  

input/camx/bcon/bc_gid555_vint.2013001.bin 
… 
input/camx/bcon/bc_gid555_vint.2013365.bin 
 

CAMx boundary condition files.  One 
file per day. 

input/camx/icon/ic.*.const.bin CAMx initial condition files.  Monthly 
files. 

input/camx/tuv/tuv.CEQA.FRanch.do_SAPRC07.20130101 
… 
input/camx/tuv/tuv.CEQA.FRanch.do_SAPRC07.20131231 

CAMx photolysis input files. One file 
per day. 

input/camx/o3map/o3map.CEQA.FRanch.4km.2013001.txt 
… 
input/camx/o3map/o3map.CEQA.FRanch.4km.2013365.txt 

CAMx ozone map input files. One 
file per day. 

Input/camx/chem/CAMx6.5.chemparam.SAPRC07_CF_SOAP_ISORROPIA 
 
 
 
  

CAMx SAPRC 2007 chemical 
parametrization file 

input/camx/met/ camx.lu.4km.FRanch.bin 
 

CAMx static surface geophysical 
parameters (land use, terrain). 

input/camx/met/camx.3d.4km.20130101.FRanch.bin 
… 
input/camx/met/camx.3d.4km.20131231.FRanch.bin 

CAMx meteorological 3D data files.  
One file per day. 

input/camx/met/camx.2d.4km.20130101.FRanch.bin 
… 
input/camx/met/camx.2d.4km.20131231.FRanch.bin 

CAMx meteorological 2D surface 
data files.  One file per day. 

input/camx/met/camx.kvpatch.YSU.OB70.4km.20130101.FRanch.bin 
… 
input/camx/met/camx.kvpatch.YSU.OB70.4km.20131231.FRanch.bin 

CAMx meteorological vertical 
diffusivity data files.  One file per 
day. 

input/camx/met/camx.3d.4km.20130101.FRanch.bin 
… 
input/camx/met/camx.3d.4km.20131231.FRanch.bin 

CAMx meteorological cloud/rain 
data files.  One file per day. 
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TABLE A-1 
MODELING INPUT AND OUTPUT FILES 

Filename Description 
input/camx/met/camx.cr.2016010100 
… 
input/camx/met/camx.cr.2016123100 

CAMx meteorological cloud/rain 
data files.  One file per day. 

input/camx/emiss/2020/point/ 
point.camx.ceqa_FRanch.gid555.20130101.bin 
… 
input/camx/emiss/2020/point/ 
point.camx.ceqa_FRanch.gid555.20131231.bin 

CAMx point source emissions files.  
All scenarios 2020. One file per day. 

input/camx/emiss/2031/point/point.bluescape.20130101.2031.bin 
… 
input/camx/emiss/2031/point/point.bluescape.20130101.2031.bin 

CAMx point source emissions files.  
All scenarios 2031. One file per day. 

input/camx/emiss/2020/area/base/ 
camx_ar.ceqa_FRanch.wProj.2020proj.4km.20130101.bin 
… 
input/camx/emiss/2020/area/base/ 
camx_ar.ceqa_FRanch.wProj.2020proj.4km.20131231.bin 

CAMx 3d gridded emissions files.  
Base scenario 2020. One file per 
day. 

input/camx/emiss/2031/area/base/ 
area.bluescape.20130101.2031.base.bin 
… 
input/camx/emiss/2031/area/base/ 
area.bluescape.20131231.2031.base.bin 

CAMx 3d gridded emissions files.  
Base scenario 2031. One file per 
day. 

input/camx/emiss/2020/area/proj/ 
area.bluescape.20130101.2020.proj.bin 
… 
input/camx/emiss/2020/area/proj/ 
area.bluescape.20131231.2020.proj.bin 

CAMx 3d gridded emissions files.  
Unmitigated project scenario 2020. 
One file per day. 

input/camx/emiss/2020/area/pmit/ 
area.bluescape.20130101.2020.pmit.bin 
… 
input/camx/emiss/2020/area/pmit/ 
area.bluescape.20131231.2020.pmit.bin 

CAMx 3d gridded emissions files.  
Mitigated project scenario 2020. 
One file per day. 

input/camx/emiss/2031/area/proj/ 
area.bluescape.20130101.2031.proj.bin 
… 
input/camx/emiss/2031/area/proj/ 
area.bluescape.20131231.2031.proj.bin 

CAMx 3d gridded emissions files.  
Unmitigated project scenario 2031. 
One file per day. 

input/camx/emiss/2031/area/pmit/ 
area.bluescape.20130101.2031.pmit.bin 
… 
input/camx/emiss/2031/area/pmit/ 
area.bluescape.20131231.2031.pmit.bin 

CAMx 3d gridded emissions files.  
Mitigated project scenario 2031. 
One file per day. 

Output files  

output/all/2020/base/ 
camx65_SAPRC07.FRanch.4km_SA.2020.base.20130101.avrg.grd01.nc 
… 
output/all/2020/base/ 
camx65_SAPRC07.FRanch.4km_SA.2020.base.20131231.avrg.grd01.nc 

CAMx output files. NetCDF format. 
Base scenario 2020. One file per 
day. 

output/all/2031/base/ 
camx65_SAPRC07.FRanch.4km_SA.2031.base.20130101.avrg.grd01.nc 
… 
output/all/2031/base/ 
camx65_SAPRC07.FRanch.4km_SA.2031.base.20131231.avrg.grd01.nc 

CAMx output files. NetCDF format. 
Base scenario 2031. One file per 
day. 
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TABLE A-1 
MODELING INPUT AND OUTPUT FILES 

Filename Description 
output/all/2020/proj/ 
camx65_SAPRC07.FRanch.4km_SA.2020.proj.20130101.avrg.grd01.nc 
… 
output/all/2020/proj/ 
camx65_SAPRC07.FRanch.4km_SA.2020.proj.20131231.avrg.grd01.nc 

CAMx output files. NetCDF format. 
Unmitigated project scenario 2020. 
One file per day. 

output/all/2020/pmit/ 
camx65_SAPRC07.FRanch.4km_SA.2020.pmit.20130101.avrg.grd01.nc 
… 
output/all/2020/pmit/ 
camx65_SAPRC07.FRanch.4km_SA.2020.pmit.20131231.avrg.grd01.nc 

CAMx output files. NetCDF format. 
Mitigated project scenario 2020. 
One file per day. 

output/all/2031/proj/ 
camx65_SAPRC07.FRanch.4km_SA.2031.proj.20130101.avrg.grd01.nc 
… 
output/all/2031/proj/ 
camx65_SAPRC07.FRanch.4km_SA.2031.proj.20131231.avrg.grd01.nc 

CAMx output files. NetCDF format. 
Unmitigated project scenario 2031. 
One file per day. 

output/all/2031/pmit/ 
camx65_SAPRC07.FRanch.4km_SA.2031.pmit.20130101.avrg.grd01.nc 
… 
output/all/2031/pmit/ 
camx65_SAPRC07.FRanch.4km_SA.2031.pmit.20131231.avrg.grd01.nc 

CAMx output files. NetCDF format.  
Mitigated project scenario 2031. 
One file per day. 
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ATTACHMENT B-1 
 

BENMAP-CE AUDIT TRAIL REPORT 
O3.2020.PROJ.TXT 

  



file:///C/Users/lmoel/Downloads/BenMAP%20Audit%20Trails/BenMAP%20Audit%20Trails/o3.2020.proj.txt[5/5/2021 9:32:04 AM]

BenMAP-CE 1.5.0
<Aggregate, Pool & Value>
Create Datetime:2021-04-19 02:59:08
IsRunInPointMode:False
Latin Hypercube Points:20
Population Dataset:PopFriantUpdated-Friant
Year:2020
Threshold:0
Incidence averaging:All
<Baseline.And.Control.Group0>
<Pollutant>
Name:Ozone
Observation Type:Hourly
Season0:May 1-September 30
Metric0:D1HourMax
Metric1:D24HourMean
Metric2:D8HourMax
Metric3:D8HourMean
</Pollutant>
<Baseline.Air.Quality.Surfaces>
Create Datetime:2021-04-15 07:28:36
Pollutant:Ozone
Model Database File:C:\Users\Frank\Documents\My BenMAP-CE Files\Friant\Data\o3.2020.proj.benmap.csv
<Grid.Definition>
Name:Friant
ID:33
Columns:87
Rows:103
Grid Type:Shapefile
Shapefile Name:CEQA_FRanch_lc_87_103_4000_4000_-108_-256_WGS1984
</Grid.Definition>
<Pollutant>
Name:Ozone
Observation Type:Hourly
Season0:May 1-September 30
Metric0:D1HourMax
Metric1:D24HourMean
Metric2:D8HourMax
Metric3:D8HourMean
</Pollutant>
</Baseline.Air.Quality.Surfaces>
<Control.Air.Quality.Surfaces>
Create Datetime:2021-04-15 07:29:27
Pollutant:Ozone
Model Database File:C:\Users\Frank\Documents\My BenMAP-CE Files\Friant\Data\o3.2020.base.benmap.csv
<Grid.Definition>
Name:Friant
ID:33
Columns:87
Rows:103
Grid Type:Shapefile
Shapefile Name:CEQA_FRanch_lc_87_103_4000_4000_-108_-256_WGS1984
</Grid.Definition>
<Pollutant>
Name:Ozone
Observation Type:Hourly
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Season0:May 1-September 30
Metric0:D1HourMax
Metric1:D24HourMean
Metric2:D8HourMax
Metric3:D8HourMean
</Pollutant>
</Control.Air.Quality.Surfaces>
</Baseline.And.Control.Group0>
<Selected.health.impact.functions>
<Health.impact.function.0>
Health impact function dataset:EPA Standard Health Functions
Endpoint group:Mortality
Endpoint:Mortality, Respiratory
Start age:30
End age:99
Race:
Ethnicity:
Gender:
Pollutant:Ozone
Metric:D8HourMax
Metric statistic:Mean
Author:Jerrett et al.
Qualifier:Metric adjusted using a ratio of 1.14 based on table 2 of Anderson & Bell
Function:(1-(1/EXP(Beta*DELTAQ)))*Incidence*POP
Year:2009
Geographic area:Everywhere
Other pollutants:PM2.5
Reference:Jerrett, Michael, Burnett, Richard T, Pope, Arden C, et al. 2009. Long-Term Ozone Exposure and 
Mortality. New England Journal of Medicine.
Baseline functional form:Incidence*POP
Incidence dataset:Mortality Incidence (2020)
Prevalence dataset:
Variable dataset:
Beta:0.004471161
Beta distribution:Normal
P1Beta:0.001510347
P2Beta:0
A:0
NameA:
B:0
NameB:
C:0
NameC:
Percentile:0
</Health.impact.function.0>
<Health.impact.function.1>
Health impact function dataset:EPA Standard Health Functions
Endpoint group:School Loss Days
Endpoint:School Loss Days, All Cause
Start age:5
End age:17
Race:
Ethnicity:
Gender:
Pollutant:Ozone
Metric:D8HourMax
Metric statistic:None
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Author:Gilliland et al.
Qualifier:All year. 8-hour max from 8-hour mean.
Function:(1-(1/EXP(Beta*DELTAQ)))*Incidence*POP*A*B
Year:2001
Geographic area:Everywhere
Other pollutants:
Reference:Gilliland, F.D., K. Berhane, E.B. Rappaport, D.C. Thomas, E. Avol, W.J. Gauderman, S.J. London, 
H.G. Margolis, R. McConnell, K.T. Islam and J.M. Peters. 2001. The effects of ambient air pollution on school 
absenteeism due to respiratory illnesses. Epidemi
Baseline functional form:Incidence*POP*A*B
Incidence dataset:Other Incidence (2000)
Prevalence dataset:
Variable dataset:
Beta:0.007824
Beta distribution:Normal
P1Beta:0.004444898
P2Beta:0
A:0.3929
NameA:Scalar for % of school days in ozone season
B:0.945
NameB:Population of school children at-risk for a new absence
C:0
NameC:
Percentile:0
</Health.impact.function.1>
<Health.impact.function.2>
Health impact function dataset:EPA Standard Health Functions
Endpoint group:Asthma Exacerbation
Endpoint:Asthma Exacerbation, One or More Symptoms
Start age:6
End age:18
Race:ALL
Ethnicity:ALL
Gender:ALL
Pollutant:Ozone
Metric:D8HourMax
Metric statistic:None
Author:O'Connor et al.
Qualifier:
Function:(1-EXP(-Beta*DELTAQ))*A*POP*Prevalence
Year:2008
Geographic area:Everywhere
Other pollutants:PM2.5,NO2
Reference:O'Connor, G. T., L. Neas, et al. (2008). "Acute respiratory health effects of air pollution on 
children with asthma in US inner cities." J Allergy Clin Immunol 121(5): 1133-1139 e1131
Baseline functional form:A*POP*Prevalence
Incidence dataset:
Prevalence dataset:Prevalence (2008)
Variable dataset:
Beta:0.000966054
Beta distribution:Normal
P1Beta:0.002991454
P2Beta:0
A:0.207142857
NameA:Incidence rate
B:0
NameB:
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C:0
NameC:
Percentile:0
</Health.impact.function.2>
<Health.impact.function.3>
Health impact function dataset:EPA Standard Health Functions
Endpoint group:Hospital Admissions, Respiratory
Endpoint:HA, All Respiratory
Start age:65
End age:99
Race:ALL
Ethnicity:ALL
Gender:ALL
Pollutant:Ozone
Metric:D8HourMax
Metric statistic:None
Author:Katsouyanni et al.
Qualifier:Summer, 1985-1994, penalized splines, 8 df
Function:(1-(1/EXP(Beta*DELTAQ)))*Incidence*POP
Year:2009
Geographic area:Everywhere
Other pollutants:
Reference:Katsouyanni, K., Samet, J. M., Anderson, H. R., Atkinson, R., Tertre, A. L., Medina, S., et al. 
(2009). Air Pollution and Health: A European and North American Approach (APHENA): Health Effects 
Institute.
Baseline functional form:Incidence*POP
Incidence dataset:Other Incidence (2014)
Prevalence dataset:
Variable dataset:
Beta:0.000636757
Beta distribution:Normal
P1Beta:0.000400294
P2Beta:0
A:0
NameA:
B:0
NameB:
C:0
NameC:
Percentile:0
</Health.impact.function.3>
<Health.impact.function.4>
Health impact function dataset:EPA Standard Health Functions
Endpoint group:Emergency Room Visits, Respiratory
Endpoint:Emergency Room Visits, Asthma
Start age:0
End age:17
Race:ALL
Ethnicity:ALL
Gender:ALL
Pollutant:Ozone
Metric:D8HourMax
Metric statistic:None
Author:Mar and Koenig
Qualifier:Child model, 8 hour maximum metric, 3 day lag, May-September
Function:(1-EXP(-Beta*DELTAQ))*Incidence*POP
Year:2009
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Geographic area:Everywhere
Other pollutants:
Reference:Mar, T. F., & Koenig, J. Q. (2009). Relationship between visits to emergency departments for 
asthma and ozone exposure in greater Seattle, Washington. Annals of Allergy, Asthma, & Immunology, 103, 
474-479. 
Baseline functional form:Incidence*POP
Incidence dataset:Other Incidence (2014)
Prevalence dataset:
Variable dataset:
Beta:0.010436002
Beta distribution:Normal
P1Beta:0.004357595
P2Beta:0
A:0
NameA:
B:0
NameB:
C:0
NameC:
Percentile:0
</Health.impact.function.4>
<Health.impact.function.5>
Health impact function dataset:EPA Standard Health Functions
Endpoint group:Acute Respiratory Symptoms
Endpoint:Minor Restricted Activity Days
Start age:18
End age:64
Race:
Ethnicity:
Gender:
Pollutant:Ozone
Metric:D8HourMax
Metric statistic:None
Author:Ostro and Rothschild
Qualifier:8-hour max from 1-hour max.
Function:(1-(1/EXP(Beta*DELTAQ)))*A*POP
Year:1989
Geographic area:Everywhere
Other pollutants:PM2.5
Reference:Ostro, B.D. and S. Rothschild. Air Pollution and Acute Respiratory Morbidity - an Observational 
Study of Multiple Pollutants. Environ Res, 1989. 50(2): p. 238-247.
Baseline functional form:A*POP
Incidence dataset:
Prevalence dataset:
Variable dataset:
Beta:0.002596
Beta distribution:Normal
P1Beta:0.00077644
P2Beta:0
A:0.02137
NameA:mRAD18to64; Ostro and Rothschild, 1989, p 243.
B:0
NameB:
C:0
NameC:
Percentile:0
</Health.impact.function.5>
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<Health.impact.function.6>
Health impact function dataset:EPA Standard Health Functions
Endpoint group:Emergency Room Visits, Respiratory
Endpoint:Emergency Room Visits, Asthma
Start age:18
End age:99
Race:ALL
Ethnicity:ALL
Gender:ALL
Pollutant:Ozone
Metric:D8HourMax
Metric statistic:None
Author:Mar and Koenig
Qualifier:Adult model, 8 hour maximum metric, 4 day lag, May-September
Function:(1-EXP(-Beta*DELTAQ))*Incidence*POP
Year:2009
Geographic area:Everywhere
Other pollutants:
Reference:Mar, T. F., & Koenig, J. Q. (2009). Relationship between visits to emergency departments for 
asthma and ozone exposure in greater Seattle, Washington. Annals of Allergy, Asthma, & Immunology, 103, 
474-479. 
Baseline functional form:Incidence*POP
Incidence dataset:Other Incidence (2014)
Prevalence dataset:
Variable dataset:
Beta:0.007696104
Beta distribution:Normal
P1Beta:0.002837389
P2Beta:0
A:0
NameA:
B:0
NameB:
C:0
NameC:
Percentile:0
</Health.impact.function.6>
<Health.impact.function.7>
Health impact function dataset:EPA Standard Health Functions
Endpoint group:Mortality
Endpoint:Mortality, Non-Accidental
Start age:0
End age:99
Race:ALL
Ethnicity:ALL
Gender:ALL
Pollutant:Ozone
Metric:D8HourMax
Metric statistic:None
Author:Smith et al.
Qualifier:Ozone season
Function:(1-(1/EXP(Beta*DELTAQ)))*Incidence*POP*A
Year:2009
Geographic area:Everywhere
Other pollutants:PM10
Reference:Richard L. Smith, Baowei Xu, and Paul Switzer (2009). Reassessing the relationship between 
ozone and short-term mortality in U.S. urban communities. Inhalation Toxicology, 2009; 21(S2): 37?65
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Baseline functional form:Incidence*POP*A
Incidence dataset:Mortality Incidence (2020)
Prevalence dataset:
Variable dataset:
Beta:0.000257743
Beta distribution:Normal
P1Beta:0.000167
P2Beta:0
A:0.0027397
NameA:Scalar to convert annual mortality rate to daily rate
B:0
NameB:
C:0
NameC:
Percentile:0
</Health.impact.function.7>
<Health.impact.function.8>
Health impact function dataset:EPA Standard Health Functions
Endpoint group:Mortality
Endpoint:Mortality, Cardiopulmonary
Start age:0
End age:99
Race:
Ethnicity:
Gender:
Pollutant:Ozone
Metric:D8HourMax
Metric statistic:None
Author:Huang et al.
Qualifier:Warm season. 8-hour max from 24-hour mean.
Function:(1-(1/EXP(Beta*DELTAQ)))*Incidence*POP*A
Year:2005
Geographic area:Everywhere
Other pollutants:
Reference:Huang, Y., F. Dominici and M. L. Bell. 2005. Bayesian hierarchical distributed lag models for 
summer ozone exposure and cardio-respiratory mortality. Environmetrics. Vol. 16: 547?562. 
Baseline functional form:Incidence*POP*A
Incidence dataset:Mortality Incidence (2020)
Prevalence dataset:
Variable dataset:
Beta:0.0008125
Beta distribution:Normal
P1Beta:0.000258673
P2Beta:0
A:0.0027397
NameA:Scalar to convert annual mortality rate to daily rate
B:0
NameB:
C:0
NameC:
Percentile:0
</Health.impact.function.8>
<Health.impact.function.9>
Health impact function dataset:EPA Standard Health Functions
Endpoint group:Mortality
Endpoint:Mortality, All Cause
Start age:0
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End age:99
Race:
Ethnicity:
Gender:
Pollutant:Ozone
Metric:D8HourMax
Metric statistic:None
Author:Bell et al.
Qualifier:Warm season. 8-hour max from 24-hour mean.
Function:(1-(1/EXP(Beta*DELTAQ)))*Incidence*POP*A
Year:2005
Geographic area:Everywhere
Other pollutants:
Reference:Bell, M.L., F. Dominici, and J.M. Samet. A meta-analysis of time-series studies of ozone and 
mortality with comparison to the national morbidity, mortality, and air pollution study. Epidemiology, 2005. 
16(4): p. 436-45.
Baseline functional form:Incidence*POP*A
Incidence dataset:Mortality Incidence (2000)
Prevalence dataset:
Variable dataset:
Beta:0.000795
Beta distribution:Normal
P1Beta:0.00021227
P2Beta:0
A:0.0027397
NameA:Scalar to convert annual mortality rate to daily rate
B:0
NameB:
C:0
NameC:
Percentile:0
</Health.impact.function.9>
</Selected.health.impact.functions>
<Log.And.Message>
Processing complete. HIF processing time: 0 hours 23 minutes 14 seconds.
</Log.And.Message>
Sort Incidence LHPs:False
Default Advanced Pooling Method:Roundweightstotwodigits
Default Monte Carlo Iterations:5000
Random Seed:1
<Inflation.Adjustment>
Dataset:
Year:-1
</Inflation.Adjustment>
<Income.Growth.Adjustment>
Dataset:
Year : -1
</Income.Growth.Adjustment>
<Incidence.Aggregation>
Name:Friant
ID:33
Columns:87
Rows:103
Grid Type:Shapefile
Shapefile Name:CEQA_FRanch_lc_87_103_4000_4000_-108_-256_WGS1984
</Incidence.Aggregation>
<Valuation.Aggregation>
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Name:Friant
ID:33
Columns:87
Rows:103
Grid Type:Shapefile
Shapefile Name:CEQA_FRanch_lc_87_103_4000_4000_-108_-256_WGS1984
</Valuation.Aggregation>
<Incidence.Pooling.And.Aggregation.>
<MortalityPooling.Method.TypeNone>
<Health.impact.function>
Health impact function dataset:EPA Standard Health Functions
Endpoint group:Mortality
Endpoint:Mortality, All Cause
Pollutant:Ozone
Metric:D8HourMax
Metric statistic:None
Author:Bell et al.
Year:2005
Location:US & non-US
Other pollutants:
Geographic area:Everywhere
Reference:Bell, M.L., F. Dominici, and J.M. Samet. A meta-analysis of time-series studies of ozone and 
mortality with comparison to the national morbidity, mortality, and air pollution study. Epidemiology, 2005. 
16(4): p. 436-45.
Start age:0
End age:99
Baseline functional form:
Incidence dataset:Mortality Incidence (2000)
Beta:0.000795
Beta distribution:Normal
P1Beta:0.00021227
P2Beta:0
A:0.0027397
NameA:Scalar to convert annual mortality rate to daily rate
B:0
NameB:
C:0
NameC:
Percentile:0
Weight:0
</Health.impact.function>
<Health.impact.function>
Health impact function dataset:EPA Standard Health Functions
Endpoint group:Mortality
Endpoint:Mortality, Cardiopulmonary
Pollutant:Ozone
Metric:D8HourMax
Metric statistic:None
Author:Huang et al.
Year:2005
Location:19 US cities
Other pollutants:
Geographic area:Everywhere
Reference:Huang, Y., F. Dominici and M. L. Bell. 2005. Bayesian hierarchical distributed lag models for 
summer ozone exposure and cardio-respiratory mortality. Environmetrics. Vol. 16: 547?562. 
Start age:0
End age:99
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Baseline functional form:
Incidence dataset:Mortality Incidence (2020)
Beta:0.0008125
Beta distribution:Normal
P1Beta:0.000258673
P2Beta:0
A:0.0027397
NameA:Scalar to convert annual mortality rate to daily rate
B:0
NameB:
C:0
NameC:
Percentile:0
Weight:0
</Health.impact.function>
<Health.impact.function>
Health impact function dataset:EPA Standard Health Functions
Endpoint group:Mortality
Endpoint:Mortality, Non-Accidental
Pollutant:Ozone
Metric:D8HourMax
Metric statistic:None
Author:Smith et al.
Year:2009
Location:98 US cities
Other pollutants:PM10
Geographic area:Everywhere
Reference:Richard L. Smith, Baowei Xu, and Paul Switzer (2009). Reassessing the relationship between 
ozone and short-term mortality in U.S. urban communities. Inhalation Toxicology, 2009; 21(S2): 37?65
Start age:0
End age:99
Baseline functional form:PM10
Incidence dataset:Mortality Incidence (2020)
Beta:0.000257743
Beta distribution:Normal
P1Beta:0.000167
P2Beta:0
A:0.0027397
NameA:Scalar to convert annual mortality rate to daily rate
B:0
NameB:
C:0
NameC:
Percentile:0
Weight:0
</Health.impact.function>
<Health.impact.function>
Health impact function dataset:EPA Standard Health Functions
Endpoint group:Mortality
Endpoint:Mortality, Respiratory
Pollutant:Ozone
Metric:D8HourMax
Metric statistic:Mean
Author:Jerrett et al.
Year:2009
Location:86 urban areas
Other pollutants:PM2.5
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Geographic area:Everywhere
Reference:Jerrett, Michael, Burnett, Richard T, Pope, Arden C, et al. 2009. Long-Term Ozone Exposure and 
Mortality. New England Journal of Medicine.
Start age:30
End age:99
Baseline functional form:PM2.5
Incidence dataset:Mortality Incidence (2020)
Beta:0.004471161
Beta distribution:Normal
P1Beta:0.001510347
P2Beta:0
A:0
NameA:
B:0
NameB:
C:0
NameC:
Percentile:0
Weight:0
</Health.impact.function>
</MortalityPooling.Method.TypeNone>
<Health.impact.function>
Health impact function dataset:EPA Standard Health Functions
Endpoint group:Mortality
Endpoint:Mortality, All Cause
Pollutant:Ozone
Metric:D8HourMax
Metric statistic:None
Author:Bell et al.
Qualifier:Warm season. 8-hour max from 24-hour mean.
Function:(1-(1/EXP(Beta*DELTAQ)))*Incidence*POP*A
Year:2005
Geographic area:Everywhere
Other pollutants:
Reference:Bell, M.L., F. Dominici, and J.M. Samet. A meta-analysis of time-series studies of ozone and 
mortality with comparison to the national morbidity, mortality, and air pollution study. Epidemiology, 2005. 
16(4): p. 436-45.
Start age:
End age:99
Baseline functional form:Incidence*POP*A
Incidence dataset:Mortality Incidence (2000)
Beta:0.000795
Beta distribution:Normal
P1Beta:0.00021227
P2Beta:0
A:0.0027397
NameA:Scalar to convert annual mortality rate to daily rate
B:0
NameB:
C:0
NameC:
Percentile:0
Weight:0
</Health.impact.function>
<Health.impact.function>
Health impact function dataset:EPA Standard Health Functions
Endpoint group:Mortality
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Endpoint:Mortality, Cardiopulmonary
Pollutant:Ozone
Metric:D8HourMax
Metric statistic:None
Author:Huang et al.
Qualifier:Warm season. 8-hour max from 24-hour mean.
Function:(1-(1/EXP(Beta*DELTAQ)))*Incidence*POP*A
Year:2005
Geographic area:Everywhere
Other pollutants:
Reference:Huang, Y., F. Dominici and M. L. Bell. 2005. Bayesian hierarchical distributed lag models for 
summer ozone exposure and cardio-respiratory mortality. Environmetrics. Vol. 16: 547?562. 
Start age:
End age:99
Baseline functional form:Incidence*POP*A
Incidence dataset:Mortality Incidence (2020)
Beta:0.0008125
Beta distribution:Normal
P1Beta:0.000258673
P2Beta:0
A:0.0027397
NameA:Scalar to convert annual mortality rate to daily rate
B:0
NameB:
C:0
NameC:
Percentile:0
Weight:0
</Health.impact.function>
<Health.impact.function>
Health impact function dataset:EPA Standard Health Functions
Endpoint group:Mortality
Endpoint:Mortality, Non-Accidental
Pollutant:Ozone
Metric:D8HourMax
Metric statistic:None
Author:Smith et al.
Qualifier:Ozone season
Function:(1-(1/EXP(Beta*DELTAQ)))*Incidence*POP*A
Year:2009
Geographic area:Everywhere
Other pollutants:PM10
Reference:Richard L. Smith, Baowei Xu, and Paul Switzer (2009). Reassessing the relationship between 
ozone and short-term mortality in U.S. urban communities. Inhalation Toxicology, 2009; 21(S2): 37?65
Start age:
End age:99
Baseline functional form:Incidence*POP*A
Incidence dataset:Mortality Incidence (2020)
Beta:0.000257743
Beta distribution:Normal
P1Beta:0.000167
P2Beta:0
A:0.0027397
NameA:Scalar to convert annual mortality rate to daily rate
B:0
NameB:
C:0



file:///C/Users/lmoel/Downloads/BenMAP%20Audit%20Trails/BenMAP%20Audit%20Trails/o3.2020.proj.txt[5/5/2021 9:32:04 AM]

NameC:
Percentile:0
Weight:0
</Health.impact.function>
<Health.impact.function>
Health impact function dataset:EPA Standard Health Functions
Endpoint group:Mortality
Endpoint:Mortality, Respiratory
Pollutant:Ozone
Metric:D8HourMax
Metric statistic:Mean
Author:Jerrett et al.
Qualifier:Metric adjusted using a ratio of 1.14 based on table 2 of Anderson & Bell
Function:(1-(1/EXP(Beta*DELTAQ)))*Incidence*POP
Year:2009
Geographic area:Everywhere
Other pollutants:PM2.5
Reference:Jerrett, Michael, Burnett, Richard T, Pope, Arden C, et al. 2009. Long-Term Ozone Exposure and 
Mortality. New England Journal of Medicine.
Start age:30
End age:99
Baseline functional form:Incidence*POP
Incidence dataset:Mortality Incidence (2020)
Beta:0.004471161
Beta distribution:Normal
P1Beta:0.001510347
P2Beta:0
A:0
NameA:
B:0
NameB:
C:0
NameC:
Percentile:0
Weight:0
</Health.impact.function>
</Incidence.Pooling.And.Aggregation.>
<Valuation.Pooling.Window.Name.Mortality>
Mortality
Bell:Pooling Method Type:None
Huang:Pooling Method Type:None
Smith:Pooling Method Type:None
Jerrett:Pooling Method Type:None
</Valuation.Pooling.Window.Name.Mortality>
<Incidence.Pooling.And.Aggregation.>
<Health.impact.function>
Health impact function dataset:EPA Standard Health Functions
Endpoint group:School Loss Days
Endpoint:School Loss Days, All Cause
Pollutant:Ozone
Metric:D8HourMax
Metric statistic:None
Author:Gilliland et al.
Qualifier:All year. 8-hour max from 8-hour mean.
Function:(1-(1/EXP(Beta*DELTAQ)))*Incidence*POP*A*B
Year:2001
Geographic area:Everywhere
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Other pollutants:
Reference:Gilliland, F.D., K. Berhane, E.B. Rappaport, D.C. Thomas, E. Avol, W.J. Gauderman, S.J. London, 
H.G. Margolis, R. McConnell, K.T. Islam and J.M. Peters. 2001. The effects of ambient air pollution on school 
absenteeism due to respiratory illnesses. Epidemi
Start age:5
End age:17
Baseline functional form:Incidence*POP*A*B
Incidence dataset:Other Incidence (2000)
Beta:0.007824
Beta distribution:Normal
P1Beta:0.004444898
P2Beta:0
A:0.3929
NameA:Scalar for % of school days in ozone season
B:0.945
NameB:Population of school children at-risk for a new absence
C:0
NameC:
Percentile:0
Weight:0
</Health.impact.function>
</Incidence.Pooling.And.Aggregation.>
<Valuation.Pooling.Window.Name.School.Loss.Days>
School Loss Days
</Valuation.Pooling.Window.Name.School.Loss.Days>
<Incidence.Pooling.And.Aggregation.>
<Health.impact.function>
Health impact function dataset:EPA Standard Health Functions
Endpoint group:Asthma Exacerbation
Endpoint:Asthma Exacerbation, One or More Symptoms
Pollutant:Ozone
Metric:D8HourMax
Metric statistic:None
Author:O'Connor et al.
Qualifier:
Function:(1-EXP(-Beta*DELTAQ))*A*POP*Prevalence
Year:2008
Geographic area:Everywhere
Other pollutants:PM2.5,NO2
Reference:O'Connor, G. T., L. Neas, et al. (2008). "Acute respiratory health effects of air pollution on 
children with asthma in US inner cities." J Allergy Clin Immunol 121(5): 1133-1139 e1131
Start age:6
End age:18
Baseline functional form:A*POP*Prevalence
Incidence dataset:
Beta:0.000966054
Beta distribution:Normal
P1Beta:0.002991454
P2Beta:0
A:0.207142857
NameA:Incidence rate
B:0
NameB:
C:0
NameC:
Percentile:0
Weight:0
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</Health.impact.function>
</Incidence.Pooling.And.Aggregation.>
<Valuation.Pooling.Window.Name.Asthma.Exacerbation>
Asthma Exacerbation
</Valuation.Pooling.Window.Name.Asthma.Exacerbation>
<Incidence.Pooling.And.Aggregation.>
<Health.impact.function>
Health impact function dataset:EPA Standard Health Functions
Endpoint group:Hospital Admissions, Respiratory
Endpoint:HA, All Respiratory
Pollutant:Ozone
Metric:D8HourMax
Metric statistic:None
Author:Katsouyanni et al.
Qualifier:Summer, 1985-1994, penalized splines, 8 df
Function:(1-(1/EXP(Beta*DELTAQ)))*Incidence*POP
Year:2009
Geographic area:Everywhere
Other pollutants:
Reference:Katsouyanni, K., Samet, J. M., Anderson, H. R., Atkinson, R., Tertre, A. L., Medina, S., et al. 
(2009). Air Pollution and Health: A European and North American Approach (APHENA): Health Effects 
Institute.
Start age:65
End age:99
Baseline functional form:Incidence*POP
Incidence dataset:Other Incidence (2014)
Beta:0.000636757
Beta distribution:Normal
P1Beta:0.000400294
P2Beta:0
A:0
NameA:
B:0
NameB:
C:0
NameC:
Percentile:0
Weight:0
</Health.impact.function>
</Incidence.Pooling.And.Aggregation.>
<Valuation.Pooling.Window.Name.Hospital.Admissions.Respiratory>
Hospital Admissions, Respiratory
</Valuation.Pooling.Window.Name.Hospital.Admissions.Respiratory>
<Incidence.Pooling.And.Aggregation.>
<Emergency.Room.Visits.RespiratoryPooling.Method.TypeNone>
<Health.impact.function>
Health impact function dataset:EPA Standard Health Functions
Endpoint group:Emergency Room Visits, Respiratory
Endpoint:Emergency Room Visits, Asthma
Pollutant:Ozone
Metric:D8HourMax
Metric statistic:None
Author:Mar and Koenig
Year:2009
Location:Seattle,WA
Other pollutants:
Geographic area:Everywhere
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Reference:Mar, T. F., & Koenig, J. Q. (2009). Relationship between visits to emergency departments for 
asthma and ozone exposure in greater Seattle, Washington. Annals of Allergy, Asthma, & Immunology, 103, 
474-479. 
Start age:0
End age:17
Baseline functional form:
Incidence dataset:Other Incidence (2014)
Beta:0.010436002
Beta distribution:Normal
P1Beta:0.004357595
P2Beta:0
A:0
NameA:
B:0
NameB:
C:0
NameC:
Percentile:0
Weight:0
</Health.impact.function>
<Health.impact.function>
Health impact function dataset:EPA Standard Health Functions
Endpoint group:Emergency Room Visits, Respiratory
Endpoint:Emergency Room Visits, Asthma
Pollutant:Ozone
Metric:D8HourMax
Metric statistic:None
Author:Mar and Koenig
Year:2009
Location:Seattle,WA
Other pollutants:
Geographic area:Everywhere
Reference:Mar, T. F., & Koenig, J. Q. (2009). Relationship between visits to emergency departments for 
asthma and ozone exposure in greater Seattle, Washington. Annals of Allergy, Asthma, & Immunology, 103, 
474-479. 
Start age:18
End age:99
Baseline functional form:
Incidence dataset:Other Incidence (2014)
Beta:0.007696104
Beta distribution:Normal
P1Beta:0.002837389
P2Beta:0
A:0
NameA:
B:0
NameB:
C:0
NameC:
Percentile:0
Weight:0
</Health.impact.function>
</Emergency.Room.Visits.RespiratoryPooling.Method.TypeNone>
<Health.impact.function>
Health impact function dataset:EPA Standard Health Functions
Endpoint group:Emergency Room Visits, Respiratory
Endpoint:Emergency Room Visits, Asthma
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Pollutant:Ozone
Metric:D8HourMax
Metric statistic:None
Author:Mar and Koenig
Qualifier:Child model, 8 hour maximum metric, 3 day lag, May-September
Function:(1-EXP(-Beta*DELTAQ))*Incidence*POP
Year:2009
Geographic area:Everywhere
Other pollutants:
Reference:Mar, T. F., & Koenig, J. Q. (2009). Relationship between visits to emergency departments for 
asthma and ozone exposure in greater Seattle, Washington. Annals of Allergy, Asthma, & Immunology, 103, 
474-479. 
Start age:
End age:17
Baseline functional form:Incidence*POP
Incidence dataset:Other Incidence (2014)
Beta:0.010436002
Beta distribution:Normal
P1Beta:0.004357595
P2Beta:0
A:0
NameA:
B:0
NameB:
C:0
NameC:
Percentile:0
Weight:0
</Health.impact.function>
<Health.impact.function>
Health impact function dataset:EPA Standard Health Functions
Endpoint group:Emergency Room Visits, Respiratory
Endpoint:Emergency Room Visits, Asthma
Pollutant:Ozone
Metric:D8HourMax
Metric statistic:None
Author:Mar and Koenig
Qualifier:Adult model, 8 hour maximum metric, 4 day lag, May-September
Function:(1-EXP(-Beta*DELTAQ))*Incidence*POP
Year:2009
Geographic area:Everywhere
Other pollutants:
Reference:Mar, T. F., & Koenig, J. Q. (2009). Relationship between visits to emergency departments for 
asthma and ozone exposure in greater Seattle, Washington. Annals of Allergy, Asthma, & Immunology, 103, 
474-479. 
Start age:18
End age:99
Baseline functional form:Incidence*POP
Incidence dataset:Other Incidence (2014)
Beta:0.007696104
Beta distribution:Normal
P1Beta:0.002837389
P2Beta:0
A:0
NameA:
B:0
NameB:
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C:0
NameC:
Percentile:0
Weight:0
</Health.impact.function>
</Incidence.Pooling.And.Aggregation.>
<Valuation.Pooling.Window.Name.Emergency.Room.Visits.Respiratory>
Emergency Room Visits, Respiratory
Mar:Pooling Method Type:None
Mar:Pooling Method Type:None
</Valuation.Pooling.Window.Name.Emergency.Room.Visits.Respiratory>
<Incidence.Pooling.And.Aggregation.>
<Health.impact.function>
Health impact function dataset:EPA Standard Health Functions
Endpoint group:Acute Respiratory Symptoms
Endpoint:Minor Restricted Activity Days
Pollutant:Ozone
Metric:D8HourMax
Metric statistic:None
Author:Ostro and Rothschild
Qualifier:8-hour max from 1-hour max.
Function:(1-(1/EXP(Beta*DELTAQ)))*A*POP
Year:1989
Geographic area:Everywhere
Other pollutants:PM2.5
Reference:Ostro, B.D. and S. Rothschild. Air Pollution and Acute Respiratory Morbidity - an Observational 
Study of Multiple Pollutants. Environ Res, 1989. 50(2): p. 238-247.
Start age:18
End age:64
Baseline functional form:A*POP
Incidence dataset:
Beta:0.002596
Beta distribution:Normal
P1Beta:0.00077644
P2Beta:0
A:0.02137
NameA:mRAD18to64; Ostro and Rothschild, 1989, p 243.
B:0
NameB:
C:0
NameC:
Percentile:0
Weight:0
</Health.impact.function>
</Incidence.Pooling.And.Aggregation.>
<Valuation.Pooling.Window.Name.Acute.Respiratory.Symptoms>
Acute Respiratory Symptoms
</Valuation.Pooling.Window.Name.Acute.Respiratory.Symptoms>
Processing complete. Valuation processing time: 0 hours 0 minutes 0 seconds.
</Aggregate, Pool & Value>
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BenMAP-CE 1.5.0
<Aggregate, Pool & Value>
Create Datetime:2021-04-19 02:59:08
IsRunInPointMode:False
Latin Hypercube Points:20
Population Dataset:PopFriantUpdated-Friant
Year:2020
Threshold:0
Incidence averaging:All
<Baseline.And.Control.Group0>
<Pollutant>
Name:Ozone
Observation Type:Hourly
Season0:May 1-September 30
Metric0:D1HourMax
Metric1:D24HourMean
Metric2:D8HourMax
Metric3:D8HourMean
</Pollutant>
<Baseline.Air.Quality.Surfaces>
Create Datetime:2021-04-15 07:28:36
Pollutant:Ozone
Model Database File:C:\Users\Frank\Documents\My BenMAP-CE Files\Friant\Data\o3.2020.pmit.benmap.csv
<Grid.Definition>
Name:Friant
ID:33
Columns:87
Rows:103
Grid Type:Shapefile
Shapefile Name:CEQA_FRanch_lc_87_103_4000_4000_-108_-256_WGS1984
</Grid.Definition>
<Pollutant>
Name:Ozone
Observation Type:Hourly
Season0:May 1-September 30
Metric0:D1HourMax
Metric1:D24HourMean
Metric2:D8HourMax
Metric3:D8HourMean
</Pollutant>
</Baseline.Air.Quality.Surfaces>
<Control.Air.Quality.Surfaces>
Create Datetime:2021-04-15 07:29:27
Pollutant:Ozone
Model Database File:C:\Users\Frank\Documents\My BenMAP-CE Files\Friant\Data\o3.2020.base.benmap.csv
<Grid.Definition>
Name:Friant
ID:33
Columns:87
Rows:103
Grid Type:Shapefile
Shapefile Name:CEQA_FRanch_lc_87_103_4000_4000_-108_-256_WGS1984
</Grid.Definition>
<Pollutant>
Name:Ozone
Observation Type:Hourly
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Season0:May 1-September 30
Metric0:D1HourMax
Metric1:D24HourMean
Metric2:D8HourMax
Metric3:D8HourMean
</Pollutant>
</Control.Air.Quality.Surfaces>
</Baseline.And.Control.Group0>
<Selected.health.impact.functions>
<Health.impact.function.0>
Health impact function dataset:EPA Standard Health Functions
Endpoint group:Mortality
Endpoint:Mortality, Respiratory
Start age:30
End age:99
Race:
Ethnicity:
Gender:
Pollutant:Ozone
Metric:D8HourMax
Metric statistic:Mean
Author:Jerrett et al.
Qualifier:Metric adjusted using a ratio of 1.14 based on table 2 of Anderson & Bell
Function:(1-(1/EXP(Beta*DELTAQ)))*Incidence*POP
Year:2009
Geographic area:Everywhere
Other pollutants:PM2.5
Reference:Jerrett, Michael, Burnett, Richard T, Pope, Arden C, et al. 2009. Long-Term Ozone Exposure and 
Mortality. New England Journal of Medicine.
Baseline functional form:Incidence*POP
Incidence dataset:Mortality Incidence (2020)
Prevalence dataset:
Variable dataset:
Beta:0.004471161
Beta distribution:Normal
P1Beta:0.001510347
P2Beta:0
A:0
NameA:
B:0
NameB:
C:0
NameC:
Percentile:0
</Health.impact.function.0>
<Health.impact.function.1>
Health impact function dataset:EPA Standard Health Functions
Endpoint group:School Loss Days
Endpoint:School Loss Days, All Cause
Start age:5
End age:17
Race:
Ethnicity:
Gender:
Pollutant:Ozone
Metric:D8HourMax
Metric statistic:None
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Author:Gilliland et al.
Qualifier:All year. 8-hour max from 8-hour mean.
Function:(1-(1/EXP(Beta*DELTAQ)))*Incidence*POP*A*B
Year:2001
Geographic area:Everywhere
Other pollutants:
Reference:Gilliland, F.D., K. Berhane, E.B. Rappaport, D.C. Thomas, E. Avol, W.J. Gauderman, S.J. London, 
H.G. Margolis, R. McConnell, K.T. Islam and J.M. Peters. 2001. The effects of ambient air pollution on school 
absenteeism due to respiratory illnesses. Epidemi
Baseline functional form:Incidence*POP*A*B
Incidence dataset:Other Incidence (2000)
Prevalence dataset:
Variable dataset:
Beta:0.007824
Beta distribution:Normal
P1Beta:0.004444898
P2Beta:0
A:0.3929
NameA:Scalar for % of school days in ozone season
B:0.945
NameB:Population of school children at-risk for a new absence
C:0
NameC:
Percentile:0
</Health.impact.function.1>
<Health.impact.function.2>
Health impact function dataset:EPA Standard Health Functions
Endpoint group:Asthma Exacerbation
Endpoint:Asthma Exacerbation, One or More Symptoms
Start age:6
End age:18
Race:ALL
Ethnicity:ALL
Gender:ALL
Pollutant:Ozone
Metric:D8HourMax
Metric statistic:None
Author:O'Connor et al.
Qualifier:
Function:(1-EXP(-Beta*DELTAQ))*A*POP*Prevalence
Year:2008
Geographic area:Everywhere
Other pollutants:PM2.5,NO2
Reference:O'Connor, G. T., L. Neas, et al. (2008). "Acute respiratory health effects of air pollution on 
children with asthma in US inner cities." J Allergy Clin Immunol 121(5): 1133-1139 e1131
Baseline functional form:A*POP*Prevalence
Incidence dataset:
Prevalence dataset:Prevalence (2008)
Variable dataset:
Beta:0.000966054
Beta distribution:Normal
P1Beta:0.002991454
P2Beta:0
A:0.207142857
NameA:Incidence rate
B:0
NameB:
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C:0
NameC:
Percentile:0
</Health.impact.function.2>
<Health.impact.function.3>
Health impact function dataset:EPA Standard Health Functions
Endpoint group:Hospital Admissions, Respiratory
Endpoint:HA, All Respiratory
Start age:65
End age:99
Race:ALL
Ethnicity:ALL
Gender:ALL
Pollutant:Ozone
Metric:D8HourMax
Metric statistic:None
Author:Katsouyanni et al.
Qualifier:Summer, 1985-1994, penalized splines, 8 df
Function:(1-(1/EXP(Beta*DELTAQ)))*Incidence*POP
Year:2009
Geographic area:Everywhere
Other pollutants:
Reference:Katsouyanni, K., Samet, J. M., Anderson, H. R., Atkinson, R., Tertre, A. L., Medina, S., et al. 
(2009). Air Pollution and Health: A European and North American Approach (APHENA): Health Effects 
Institute.
Baseline functional form:Incidence*POP
Incidence dataset:Other Incidence (2014)
Prevalence dataset:
Variable dataset:
Beta:0.000636757
Beta distribution:Normal
P1Beta:0.000400294
P2Beta:0
A:0
NameA:
B:0
NameB:
C:0
NameC:
Percentile:0
</Health.impact.function.3>
<Health.impact.function.4>
Health impact function dataset:EPA Standard Health Functions
Endpoint group:Emergency Room Visits, Respiratory
Endpoint:Emergency Room Visits, Asthma
Start age:0
End age:17
Race:ALL
Ethnicity:ALL
Gender:ALL
Pollutant:Ozone
Metric:D8HourMax
Metric statistic:None
Author:Mar and Koenig
Qualifier:Child model, 8 hour maximum metric, 3 day lag, May-September
Function:(1-EXP(-Beta*DELTAQ))*Incidence*POP
Year:2009
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Geographic area:Everywhere
Other pollutants:
Reference:Mar, T. F., & Koenig, J. Q. (2009). Relationship between visits to emergency departments for 
asthma and ozone exposure in greater Seattle, Washington. Annals of Allergy, Asthma, & Immunology, 103, 
474-479. 
Baseline functional form:Incidence*POP
Incidence dataset:Other Incidence (2014)
Prevalence dataset:
Variable dataset:
Beta:0.010436002
Beta distribution:Normal
P1Beta:0.004357595
P2Beta:0
A:0
NameA:
B:0
NameB:
C:0
NameC:
Percentile:0
</Health.impact.function.4>
<Health.impact.function.5>
Health impact function dataset:EPA Standard Health Functions
Endpoint group:Acute Respiratory Symptoms
Endpoint:Minor Restricted Activity Days
Start age:18
End age:64
Race:
Ethnicity:
Gender:
Pollutant:Ozone
Metric:D8HourMax
Metric statistic:None
Author:Ostro and Rothschild
Qualifier:8-hour max from 1-hour max.
Function:(1-(1/EXP(Beta*DELTAQ)))*A*POP
Year:1989
Geographic area:Everywhere
Other pollutants:PM2.5
Reference:Ostro, B.D. and S. Rothschild. Air Pollution and Acute Respiratory Morbidity - an Observational 
Study of Multiple Pollutants. Environ Res, 1989. 50(2): p. 238-247.
Baseline functional form:A*POP
Incidence dataset:
Prevalence dataset:
Variable dataset:
Beta:0.002596
Beta distribution:Normal
P1Beta:0.00077644
P2Beta:0
A:0.02137
NameA:mRAD18to64; Ostro and Rothschild, 1989, p 243.
B:0
NameB:
C:0
NameC:
Percentile:0
</Health.impact.function.5>
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<Health.impact.function.6>
Health impact function dataset:EPA Standard Health Functions
Endpoint group:Emergency Room Visits, Respiratory
Endpoint:Emergency Room Visits, Asthma
Start age:18
End age:99
Race:ALL
Ethnicity:ALL
Gender:ALL
Pollutant:Ozone
Metric:D8HourMax
Metric statistic:None
Author:Mar and Koenig
Qualifier:Adult model, 8 hour maximum metric, 4 day lag, May-September
Function:(1-EXP(-Beta*DELTAQ))*Incidence*POP
Year:2009
Geographic area:Everywhere
Other pollutants:
Reference:Mar, T. F., & Koenig, J. Q. (2009). Relationship between visits to emergency departments for 
asthma and ozone exposure in greater Seattle, Washington. Annals of Allergy, Asthma, & Immunology, 103, 
474-479. 
Baseline functional form:Incidence*POP
Incidence dataset:Other Incidence (2014)
Prevalence dataset:
Variable dataset:
Beta:0.007696104
Beta distribution:Normal
P1Beta:0.002837389
P2Beta:0
A:0
NameA:
B:0
NameB:
C:0
NameC:
Percentile:0
</Health.impact.function.6>
<Health.impact.function.7>
Health impact function dataset:EPA Standard Health Functions
Endpoint group:Mortality
Endpoint:Mortality, Non-Accidental
Start age:0
End age:99
Race:ALL
Ethnicity:ALL
Gender:ALL
Pollutant:Ozone
Metric:D8HourMax
Metric statistic:None
Author:Smith et al.
Qualifier:Ozone season
Function:(1-(1/EXP(Beta*DELTAQ)))*Incidence*POP*A
Year:2009
Geographic area:Everywhere
Other pollutants:PM10
Reference:Richard L. Smith, Baowei Xu, and Paul Switzer (2009). Reassessing the relationship between 
ozone and short-term mortality in U.S. urban communities. Inhalation Toxicology, 2009; 21(S2): 37?65
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Baseline functional form:Incidence*POP*A
Incidence dataset:Mortality Incidence (2020)
Prevalence dataset:
Variable dataset:
Beta:0.000257743
Beta distribution:Normal
P1Beta:0.000167
P2Beta:0
A:0.0027397
NameA:Scalar to convert annual mortality rate to daily rate
B:0
NameB:
C:0
NameC:
Percentile:0
</Health.impact.function.7>
<Health.impact.function.8>
Health impact function dataset:EPA Standard Health Functions
Endpoint group:Mortality
Endpoint:Mortality, Cardiopulmonary
Start age:0
End age:99
Race:
Ethnicity:
Gender:
Pollutant:Ozone
Metric:D8HourMax
Metric statistic:None
Author:Huang et al.
Qualifier:Warm season. 8-hour max from 24-hour mean.
Function:(1-(1/EXP(Beta*DELTAQ)))*Incidence*POP*A
Year:2005
Geographic area:Everywhere
Other pollutants:
Reference:Huang, Y., F. Dominici and M. L. Bell. 2005. Bayesian hierarchical distributed lag models for 
summer ozone exposure and cardio-respiratory mortality. Environmetrics. Vol. 16: 547?562. 
Baseline functional form:Incidence*POP*A
Incidence dataset:Mortality Incidence (2020)
Prevalence dataset:
Variable dataset:
Beta:0.0008125
Beta distribution:Normal
P1Beta:0.000258673
P2Beta:0
A:0.0027397
NameA:Scalar to convert annual mortality rate to daily rate
B:0
NameB:
C:0
NameC:
Percentile:0
</Health.impact.function.8>
<Health.impact.function.9>
Health impact function dataset:EPA Standard Health Functions
Endpoint group:Mortality
Endpoint:Mortality, All Cause
Start age:0
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End age:99
Race:
Ethnicity:
Gender:
Pollutant:Ozone
Metric:D8HourMax
Metric statistic:None
Author:Bell et al.
Qualifier:Warm season. 8-hour max from 24-hour mean.
Function:(1-(1/EXP(Beta*DELTAQ)))*Incidence*POP*A
Year:2005
Geographic area:Everywhere
Other pollutants:
Reference:Bell, M.L., F. Dominici, and J.M. Samet. A meta-analysis of time-series studies of ozone and 
mortality with comparison to the national morbidity, mortality, and air pollution study. Epidemiology, 2005. 
16(4): p. 436-45.
Baseline functional form:Incidence*POP*A
Incidence dataset:Mortality Incidence (2000)
Prevalence dataset:
Variable dataset:
Beta:0.000795
Beta distribution:Normal
P1Beta:0.00021227
P2Beta:0
A:0.0027397
NameA:Scalar to convert annual mortality rate to daily rate
B:0
NameB:
C:0
NameC:
Percentile:0
</Health.impact.function.9>
</Selected.health.impact.functions>
<Log.And.Message>
Processing complete. HIF processing time: 0 hours 23 minutes 14 seconds.
</Log.And.Message>
Sort Incidence LHPs:False
Default Advanced Pooling Method:Roundweightstotwodigits
Default Monte Carlo Iterations:5000
Random Seed:1
<Inflation.Adjustment>
Dataset:
Year:-1
</Inflation.Adjustment>
<Income.Growth.Adjustment>
Dataset:
Year : -1
</Income.Growth.Adjustment>
<Incidence.Aggregation>
Name:Friant
ID:33
Columns:87
Rows:103
Grid Type:Shapefile
Shapefile Name:CEQA_FRanch_lc_87_103_4000_4000_-108_-256_WGS1984
</Incidence.Aggregation>
<Valuation.Aggregation>
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Name:Friant
ID:33
Columns:87
Rows:103
Grid Type:Shapefile
Shapefile Name:CEQA_FRanch_lc_87_103_4000_4000_-108_-256_WGS1984
</Valuation.Aggregation>
<Incidence.Pooling.And.Aggregation.>
<MortalityPooling.Method.TypeNone>
<Health.impact.function>
Health impact function dataset:EPA Standard Health Functions
Endpoint group:Mortality
Endpoint:Mortality, All Cause
Pollutant:Ozone
Metric:D8HourMax
Metric statistic:None
Author:Bell et al.
Year:2005
Location:US & non-US
Other pollutants:
Geographic area:Everywhere
Reference:Bell, M.L., F. Dominici, and J.M. Samet. A meta-analysis of time-series studies of ozone and 
mortality with comparison to the national morbidity, mortality, and air pollution study. Epidemiology, 2005. 
16(4): p. 436-45.
Start age:0
End age:99
Baseline functional form:
Incidence dataset:Mortality Incidence (2000)
Beta:0.000795
Beta distribution:Normal
P1Beta:0.00021227
P2Beta:0
A:0.0027397
NameA:Scalar to convert annual mortality rate to daily rate
B:0
NameB:
C:0
NameC:
Percentile:0
Weight:0
</Health.impact.function>
<Health.impact.function>
Health impact function dataset:EPA Standard Health Functions
Endpoint group:Mortality
Endpoint:Mortality, Cardiopulmonary
Pollutant:Ozone
Metric:D8HourMax
Metric statistic:None
Author:Huang et al.
Year:2005
Location:19 US cities
Other pollutants:
Geographic area:Everywhere
Reference:Huang, Y., F. Dominici and M. L. Bell. 2005. Bayesian hierarchical distributed lag models for 
summer ozone exposure and cardio-respiratory mortality. Environmetrics. Vol. 16: 547?562. 
Start age:0
End age:99
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Baseline functional form:
Incidence dataset:Mortality Incidence (2020)
Beta:0.0008125
Beta distribution:Normal
P1Beta:0.000258673
P2Beta:0
A:0.0027397
NameA:Scalar to convert annual mortality rate to daily rate
B:0
NameB:
C:0
NameC:
Percentile:0
Weight:0
</Health.impact.function>
<Health.impact.function>
Health impact function dataset:EPA Standard Health Functions
Endpoint group:Mortality
Endpoint:Mortality, Non-Accidental
Pollutant:Ozone
Metric:D8HourMax
Metric statistic:None
Author:Smith et al.
Year:2009
Location:98 US cities
Other pollutants:PM10
Geographic area:Everywhere
Reference:Richard L. Smith, Baowei Xu, and Paul Switzer (2009). Reassessing the relationship between 
ozone and short-term mortality in U.S. urban communities. Inhalation Toxicology, 2009; 21(S2): 37?65
Start age:0
End age:99
Baseline functional form:PM10
Incidence dataset:Mortality Incidence (2020)
Beta:0.000257743
Beta distribution:Normal
P1Beta:0.000167
P2Beta:0
A:0.0027397
NameA:Scalar to convert annual mortality rate to daily rate
B:0
NameB:
C:0
NameC:
Percentile:0
Weight:0
</Health.impact.function>
<Health.impact.function>
Health impact function dataset:EPA Standard Health Functions
Endpoint group:Mortality
Endpoint:Mortality, Respiratory
Pollutant:Ozone
Metric:D8HourMax
Metric statistic:Mean
Author:Jerrett et al.
Year:2009
Location:86 urban areas
Other pollutants:PM2.5
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Geographic area:Everywhere
Reference:Jerrett, Michael, Burnett, Richard T, Pope, Arden C, et al. 2009. Long-Term Ozone Exposure and 
Mortality. New England Journal of Medicine.
Start age:30
End age:99
Baseline functional form:PM2.5
Incidence dataset:Mortality Incidence (2020)
Beta:0.004471161
Beta distribution:Normal
P1Beta:0.001510347
P2Beta:0
A:0
NameA:
B:0
NameB:
C:0
NameC:
Percentile:0
Weight:0
</Health.impact.function>
</MortalityPooling.Method.TypeNone>
<Health.impact.function>
Health impact function dataset:EPA Standard Health Functions
Endpoint group:Mortality
Endpoint:Mortality, All Cause
Pollutant:Ozone
Metric:D8HourMax
Metric statistic:None
Author:Bell et al.
Qualifier:Warm season. 8-hour max from 24-hour mean.
Function:(1-(1/EXP(Beta*DELTAQ)))*Incidence*POP*A
Year:2005
Geographic area:Everywhere
Other pollutants:
Reference:Bell, M.L., F. Dominici, and J.M. Samet. A meta-analysis of time-series studies of ozone and 
mortality with comparison to the national morbidity, mortality, and air pollution study. Epidemiology, 2005. 
16(4): p. 436-45.
Start age:
End age:99
Baseline functional form:Incidence*POP*A
Incidence dataset:Mortality Incidence (2000)
Beta:0.000795
Beta distribution:Normal
P1Beta:0.00021227
P2Beta:0
A:0.0027397
NameA:Scalar to convert annual mortality rate to daily rate
B:0
NameB:
C:0
NameC:
Percentile:0
Weight:0
</Health.impact.function>
<Health.impact.function>
Health impact function dataset:EPA Standard Health Functions
Endpoint group:Mortality
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Endpoint:Mortality, Cardiopulmonary
Pollutant:Ozone
Metric:D8HourMax
Metric statistic:None
Author:Huang et al.
Qualifier:Warm season. 8-hour max from 24-hour mean.
Function:(1-(1/EXP(Beta*DELTAQ)))*Incidence*POP*A
Year:2005
Geographic area:Everywhere
Other pollutants:
Reference:Huang, Y., F. Dominici and M. L. Bell. 2005. Bayesian hierarchical distributed lag models for 
summer ozone exposure and cardio-respiratory mortality. Environmetrics. Vol. 16: 547?562. 
Start age:
End age:99
Baseline functional form:Incidence*POP*A
Incidence dataset:Mortality Incidence (2020)
Beta:0.0008125
Beta distribution:Normal
P1Beta:0.000258673
P2Beta:0
A:0.0027397
NameA:Scalar to convert annual mortality rate to daily rate
B:0
NameB:
C:0
NameC:
Percentile:0
Weight:0
</Health.impact.function>
<Health.impact.function>
Health impact function dataset:EPA Standard Health Functions
Endpoint group:Mortality
Endpoint:Mortality, Non-Accidental
Pollutant:Ozone
Metric:D8HourMax
Metric statistic:None
Author:Smith et al.
Qualifier:Ozone season
Function:(1-(1/EXP(Beta*DELTAQ)))*Incidence*POP*A
Year:2009
Geographic area:Everywhere
Other pollutants:PM10
Reference:Richard L. Smith, Baowei Xu, and Paul Switzer (2009). Reassessing the relationship between 
ozone and short-term mortality in U.S. urban communities. Inhalation Toxicology, 2009; 21(S2): 37?65
Start age:
End age:99
Baseline functional form:Incidence*POP*A
Incidence dataset:Mortality Incidence (2020)
Beta:0.000257743
Beta distribution:Normal
P1Beta:0.000167
P2Beta:0
A:0.0027397
NameA:Scalar to convert annual mortality rate to daily rate
B:0
NameB:
C:0
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NameC:
Percentile:0
Weight:0
</Health.impact.function>
<Health.impact.function>
Health impact function dataset:EPA Standard Health Functions
Endpoint group:Mortality
Endpoint:Mortality, Respiratory
Pollutant:Ozone
Metric:D8HourMax
Metric statistic:Mean
Author:Jerrett et al.
Qualifier:Metric adjusted using a ratio of 1.14 based on table 2 of Anderson & Bell
Function:(1-(1/EXP(Beta*DELTAQ)))*Incidence*POP
Year:2009
Geographic area:Everywhere
Other pollutants:PM2.5
Reference:Jerrett, Michael, Burnett, Richard T, Pope, Arden C, et al. 2009. Long-Term Ozone Exposure and 
Mortality. New England Journal of Medicine.
Start age:30
End age:99
Baseline functional form:Incidence*POP
Incidence dataset:Mortality Incidence (2020)
Beta:0.004471161
Beta distribution:Normal
P1Beta:0.001510347
P2Beta:0
A:0
NameA:
B:0
NameB:
C:0
NameC:
Percentile:0
Weight:0
</Health.impact.function>
</Incidence.Pooling.And.Aggregation.>
<Valuation.Pooling.Window.Name.Mortality>
Mortality
Bell:Pooling Method Type:None
Huang:Pooling Method Type:None
Smith:Pooling Method Type:None
Jerrett:Pooling Method Type:None
</Valuation.Pooling.Window.Name.Mortality>
<Incidence.Pooling.And.Aggregation.>
<Health.impact.function>
Health impact function dataset:EPA Standard Health Functions
Endpoint group:School Loss Days
Endpoint:School Loss Days, All Cause
Pollutant:Ozone
Metric:D8HourMax
Metric statistic:None
Author:Gilliland et al.
Qualifier:All year. 8-hour max from 8-hour mean.
Function:(1-(1/EXP(Beta*DELTAQ)))*Incidence*POP*A*B
Year:2001
Geographic area:Everywhere
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Other pollutants:
Reference:Gilliland, F.D., K. Berhane, E.B. Rappaport, D.C. Thomas, E. Avol, W.J. Gauderman, S.J. London, 
H.G. Margolis, R. McConnell, K.T. Islam and J.M. Peters. 2001. The effects of ambient air pollution on school 
absenteeism due to respiratory illnesses. Epidemi
Start age:5
End age:17
Baseline functional form:Incidence*POP*A*B
Incidence dataset:Other Incidence (2000)
Beta:0.007824
Beta distribution:Normal
P1Beta:0.004444898
P2Beta:0
A:0.3929
NameA:Scalar for % of school days in ozone season
B:0.945
NameB:Population of school children at-risk for a new absence
C:0
NameC:
Percentile:0
Weight:0
</Health.impact.function>
</Incidence.Pooling.And.Aggregation.>
<Valuation.Pooling.Window.Name.School.Loss.Days>
School Loss Days
</Valuation.Pooling.Window.Name.School.Loss.Days>
<Incidence.Pooling.And.Aggregation.>
<Health.impact.function>
Health impact function dataset:EPA Standard Health Functions
Endpoint group:Asthma Exacerbation
Endpoint:Asthma Exacerbation, One or More Symptoms
Pollutant:Ozone
Metric:D8HourMax
Metric statistic:None
Author:O'Connor et al.
Qualifier:
Function:(1-EXP(-Beta*DELTAQ))*A*POP*Prevalence
Year:2008
Geographic area:Everywhere
Other pollutants:PM2.5,NO2
Reference:O'Connor, G. T., L. Neas, et al. (2008). "Acute respiratory health effects of air pollution on 
children with asthma in US inner cities." J Allergy Clin Immunol 121(5): 1133-1139 e1131
Start age:6
End age:18
Baseline functional form:A*POP*Prevalence
Incidence dataset:
Beta:0.000966054
Beta distribution:Normal
P1Beta:0.002991454
P2Beta:0
A:0.207142857
NameA:Incidence rate
B:0
NameB:
C:0
NameC:
Percentile:0
Weight:0
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</Health.impact.function>
</Incidence.Pooling.And.Aggregation.>
<Valuation.Pooling.Window.Name.Asthma.Exacerbation>
Asthma Exacerbation
</Valuation.Pooling.Window.Name.Asthma.Exacerbation>
<Incidence.Pooling.And.Aggregation.>
<Health.impact.function>
Health impact function dataset:EPA Standard Health Functions
Endpoint group:Hospital Admissions, Respiratory
Endpoint:HA, All Respiratory
Pollutant:Ozone
Metric:D8HourMax
Metric statistic:None
Author:Katsouyanni et al.
Qualifier:Summer, 1985-1994, penalized splines, 8 df
Function:(1-(1/EXP(Beta*DELTAQ)))*Incidence*POP
Year:2009
Geographic area:Everywhere
Other pollutants:
Reference:Katsouyanni, K., Samet, J. M., Anderson, H. R., Atkinson, R., Tertre, A. L., Medina, S., et al. 
(2009). Air Pollution and Health: A European and North American Approach (APHENA): Health Effects 
Institute.
Start age:65
End age:99
Baseline functional form:Incidence*POP
Incidence dataset:Other Incidence (2014)
Beta:0.000636757
Beta distribution:Normal
P1Beta:0.000400294
P2Beta:0
A:0
NameA:
B:0
NameB:
C:0
NameC:
Percentile:0
Weight:0
</Health.impact.function>
</Incidence.Pooling.And.Aggregation.>
<Valuation.Pooling.Window.Name.Hospital.Admissions.Respiratory>
Hospital Admissions, Respiratory
</Valuation.Pooling.Window.Name.Hospital.Admissions.Respiratory>
<Incidence.Pooling.And.Aggregation.>
<Emergency.Room.Visits.RespiratoryPooling.Method.TypeNone>
<Health.impact.function>
Health impact function dataset:EPA Standard Health Functions
Endpoint group:Emergency Room Visits, Respiratory
Endpoint:Emergency Room Visits, Asthma
Pollutant:Ozone
Metric:D8HourMax
Metric statistic:None
Author:Mar and Koenig
Year:2009
Location:Seattle,WA
Other pollutants:
Geographic area:Everywhere
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Reference:Mar, T. F., & Koenig, J. Q. (2009). Relationship between visits to emergency departments for 
asthma and ozone exposure in greater Seattle, Washington. Annals of Allergy, Asthma, & Immunology, 103, 
474-479. 
Start age:0
End age:17
Baseline functional form:
Incidence dataset:Other Incidence (2014)
Beta:0.010436002
Beta distribution:Normal
P1Beta:0.004357595
P2Beta:0
A:0
NameA:
B:0
NameB:
C:0
NameC:
Percentile:0
Weight:0
</Health.impact.function>
<Health.impact.function>
Health impact function dataset:EPA Standard Health Functions
Endpoint group:Emergency Room Visits, Respiratory
Endpoint:Emergency Room Visits, Asthma
Pollutant:Ozone
Metric:D8HourMax
Metric statistic:None
Author:Mar and Koenig
Year:2009
Location:Seattle,WA
Other pollutants:
Geographic area:Everywhere
Reference:Mar, T. F., & Koenig, J. Q. (2009). Relationship between visits to emergency departments for 
asthma and ozone exposure in greater Seattle, Washington. Annals of Allergy, Asthma, & Immunology, 103, 
474-479. 
Start age:18
End age:99
Baseline functional form:
Incidence dataset:Other Incidence (2014)
Beta:0.007696104
Beta distribution:Normal
P1Beta:0.002837389
P2Beta:0
A:0
NameA:
B:0
NameB:
C:0
NameC:
Percentile:0
Weight:0
</Health.impact.function>
</Emergency.Room.Visits.RespiratoryPooling.Method.TypeNone>
<Health.impact.function>
Health impact function dataset:EPA Standard Health Functions
Endpoint group:Emergency Room Visits, Respiratory
Endpoint:Emergency Room Visits, Asthma
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Pollutant:Ozone
Metric:D8HourMax
Metric statistic:None
Author:Mar and Koenig
Qualifier:Child model, 8 hour maximum metric, 3 day lag, May-September
Function:(1-EXP(-Beta*DELTAQ))*Incidence*POP
Year:2009
Geographic area:Everywhere
Other pollutants:
Reference:Mar, T. F., & Koenig, J. Q. (2009). Relationship between visits to emergency departments for 
asthma and ozone exposure in greater Seattle, Washington. Annals of Allergy, Asthma, & Immunology, 103, 
474-479. 
Start age:
End age:17
Baseline functional form:Incidence*POP
Incidence dataset:Other Incidence (2014)
Beta:0.010436002
Beta distribution:Normal
P1Beta:0.004357595
P2Beta:0
A:0
NameA:
B:0
NameB:
C:0
NameC:
Percentile:0
Weight:0
</Health.impact.function>
<Health.impact.function>
Health impact function dataset:EPA Standard Health Functions
Endpoint group:Emergency Room Visits, Respiratory
Endpoint:Emergency Room Visits, Asthma
Pollutant:Ozone
Metric:D8HourMax
Metric statistic:None
Author:Mar and Koenig
Qualifier:Adult model, 8 hour maximum metric, 4 day lag, May-September
Function:(1-EXP(-Beta*DELTAQ))*Incidence*POP
Year:2009
Geographic area:Everywhere
Other pollutants:
Reference:Mar, T. F., & Koenig, J. Q. (2009). Relationship between visits to emergency departments for 
asthma and ozone exposure in greater Seattle, Washington. Annals of Allergy, Asthma, & Immunology, 103, 
474-479. 
Start age:18
End age:99
Baseline functional form:Incidence*POP
Incidence dataset:Other Incidence (2014)
Beta:0.007696104
Beta distribution:Normal
P1Beta:0.002837389
P2Beta:0
A:0
NameA:
B:0
NameB:



file:///C/Users/lmoel/Downloads/BenMAP%20Audit%20Trails/BenMAP%20Audit%20Trails/o3.2020.pmit.txt[5/5/2021 9:32:03 AM]

C:0
NameC:
Percentile:0
Weight:0
</Health.impact.function>
</Incidence.Pooling.And.Aggregation.>
<Valuation.Pooling.Window.Name.Emergency.Room.Visits.Respiratory>
Emergency Room Visits, Respiratory
Mar:Pooling Method Type:None
Mar:Pooling Method Type:None
</Valuation.Pooling.Window.Name.Emergency.Room.Visits.Respiratory>
<Incidence.Pooling.And.Aggregation.>
<Health.impact.function>
Health impact function dataset:EPA Standard Health Functions
Endpoint group:Acute Respiratory Symptoms
Endpoint:Minor Restricted Activity Days
Pollutant:Ozone
Metric:D8HourMax
Metric statistic:None
Author:Ostro and Rothschild
Qualifier:8-hour max from 1-hour max.
Function:(1-(1/EXP(Beta*DELTAQ)))*A*POP
Year:1989
Geographic area:Everywhere
Other pollutants:PM2.5
Reference:Ostro, B.D. and S. Rothschild. Air Pollution and Acute Respiratory Morbidity - an Observational 
Study of Multiple Pollutants. Environ Res, 1989. 50(2): p. 238-247.
Start age:18
End age:64
Baseline functional form:A*POP
Incidence dataset:
Beta:0.002596
Beta distribution:Normal
P1Beta:0.00077644
P2Beta:0
A:0.02137
NameA:mRAD18to64; Ostro and Rothschild, 1989, p 243.
B:0
NameB:
C:0
NameC:
Percentile:0
Weight:0
</Health.impact.function>
</Incidence.Pooling.And.Aggregation.>
<Valuation.Pooling.Window.Name.Acute.Respiratory.Symptoms>
Acute Respiratory Symptoms
</Valuation.Pooling.Window.Name.Acute.Respiratory.Symptoms>
Processing complete. Valuation processing time: 0 hours 0 minutes 0 seconds.
</Aggregate, Pool & Value>
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BenMAP-CE 1.5.0
<Aggregate, Pool & Value>
Create Datetime:2021-04-19 04:30:00
IsRunInPointMode:False
Latin Hypercube Points:20
Population Dataset:PopFriantUpdated-Friant
Year:2031
Threshold:0
Incidence averaging:All
<Baseline.And.Control.Group0>
<Pollutant>
Name:Ozone
Observation Type:Hourly
Season0:May 1-September 30
Metric0:D1HourMax
Metric1:D24HourMean
Metric2:D8HourMax
Metric3:D8HourMean
</Pollutant>
<Baseline.Air.Quality.Surfaces>
Create Datetime:2021-04-19 04:07:41
Pollutant:Ozone
Model Database File:C:\Users\Frank\Documents\My BenMAP-CE Files\Friant\Data\o3.2031.proj.benmap.csv
<Grid.Definition>
Name:Friant
ID:33
Columns:87
Rows:103
Grid Type:Shapefile
Shapefile Name:CEQA_FRanch_lc_87_103_4000_4000_-108_-256_WGS1984
</Grid.Definition>
<Pollutant>
Name:Ozone
Observation Type:Hourly
Season0:May 1-September 30
Metric0:D1HourMax
Metric1:D24HourMean
Metric2:D8HourMax
Metric3:D8HourMean
</Pollutant>
</Baseline.Air.Quality.Surfaces>
<Control.Air.Quality.Surfaces>
Create Datetime:2021-04-19 04:07:19
Pollutant:Ozone
Model Database File:C:\Users\Frank\Documents\My BenMAP-CE Files\Friant\Data\o3.2031.base.benmap.csv
<Grid.Definition>
Name:Friant
ID:33
Columns:87
Rows:103
Grid Type:Shapefile
Shapefile Name:CEQA_FRanch_lc_87_103_4000_4000_-108_-256_WGS1984
</Grid.Definition>
<Pollutant>
Name:Ozone
Observation Type:Hourly
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Season0:May 1-September 30
Metric0:D1HourMax
Metric1:D24HourMean
Metric2:D8HourMax
Metric3:D8HourMean
</Pollutant>
</Control.Air.Quality.Surfaces>
</Baseline.And.Control.Group0>
<Selected.health.impact.functions>
<Health.impact.function.0>
Health impact function dataset:EPA Standard Health Functions
Endpoint group:Mortality
Endpoint:Mortality, Respiratory
Start age:30
End age:99
Race:
Ethnicity:
Gender:
Pollutant:Ozone
Metric:D8HourMax
Metric statistic:Mean
Author:Jerrett et al.
Qualifier:Metric adjusted using a ratio of 1.14 based on table 2 of Anderson & Bell
Function:(1-(1/EXP(Beta*DELTAQ)))*Incidence*POP
Year:2009
Geographic area:Everywhere
Other pollutants:PM2.5
Reference:Jerrett, Michael, Burnett, Richard T, Pope, Arden C, et al. 2009. Long-Term Ozone Exposure and 
Mortality. New England Journal of Medicine.
Baseline functional form:Incidence*POP
Incidence dataset:Mortality Incidence (2020)
Prevalence dataset:
Variable dataset:
Beta:0.004471161
Beta distribution:Normal
P1Beta:0.001510347
P2Beta:0
A:0
NameA:
B:0
NameB:
C:0
NameC:
Percentile:0
</Health.impact.function.0>
<Health.impact.function.1>
Health impact function dataset:EPA Standard Health Functions
Endpoint group:Asthma Exacerbation
Endpoint:Asthma Exacerbation, One or More Symptoms
Start age:6
End age:18
Race:ALL
Ethnicity:ALL
Gender:ALL
Pollutant:Ozone
Metric:D8HourMax
Metric statistic:None
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Author:O'Connor et al.
Qualifier:
Function:(1-EXP(-Beta*DELTAQ))*A*POP*Prevalence
Year:2008
Geographic area:Everywhere
Other pollutants:PM2.5,NO2
Reference:O'Connor, G. T., L. Neas, et al. (2008). "Acute respiratory health effects of air pollution on 
children with asthma in US inner cities." J Allergy Clin Immunol 121(5): 1133-1139 e1131
Baseline functional form:A*POP*Prevalence
Incidence dataset:
Prevalence dataset:Prevalence (2008)
Variable dataset:
Beta:0.000966054
Beta distribution:Normal
P1Beta:0.002991454
P2Beta:0
A:0.207142857
NameA:Incidence rate
B:0
NameB:
C:0
NameC:
Percentile:0
</Health.impact.function.1>
<Health.impact.function.2>
Health impact function dataset:EPA Standard Health Functions
Endpoint group:School Loss Days
Endpoint:School Loss Days, All Cause
Start age:5
End age:17
Race:
Ethnicity:
Gender:
Pollutant:Ozone
Metric:D8HourMax
Metric statistic:None
Author:Gilliland et al.
Qualifier:All year. 8-hour max from 8-hour mean.
Function:(1-(1/EXP(Beta*DELTAQ)))*Incidence*POP*A*B
Year:2001
Geographic area:Everywhere
Other pollutants:
Reference:Gilliland, F.D., K. Berhane, E.B. Rappaport, D.C. Thomas, E. Avol, W.J. Gauderman, S.J. London, 
H.G. Margolis, R. McConnell, K.T. Islam and J.M. Peters. 2001. The effects of ambient air pollution on school 
absenteeism due to respiratory illnesses. Epidemi
Baseline functional form:Incidence*POP*A*B
Incidence dataset:Other Incidence (2000)
Prevalence dataset:
Variable dataset:
Beta:0.007824
Beta distribution:Normal
P1Beta:0.004444898
P2Beta:0
A:0.3929
NameA:Scalar for % of school days in ozone season
B:0.945
NameB:Population of school children at-risk for a new absence
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C:0
NameC:
Percentile:0
</Health.impact.function.2>
<Health.impact.function.3>
Health impact function dataset:EPA Standard Health Functions
Endpoint group:Hospital Admissions, Respiratory
Endpoint:HA, All Respiratory
Start age:65
End age:99
Race:ALL
Ethnicity:ALL
Gender:ALL
Pollutant:Ozone
Metric:D8HourMax
Metric statistic:None
Author:Katsouyanni et al.
Qualifier:Summer, 1985-1994, penalized splines, 8 df
Function:(1-(1/EXP(Beta*DELTAQ)))*Incidence*POP
Year:2009
Geographic area:Everywhere
Other pollutants:
Reference:Katsouyanni, K., Samet, J. M., Anderson, H. R., Atkinson, R., Tertre, A. L., Medina, S., et al. 
(2009). Air Pollution and Health: A European and North American Approach (APHENA): Health Effects 
Institute.
Baseline functional form:Incidence*POP
Incidence dataset:Other Incidence (2014)
Prevalence dataset:
Variable dataset:
Beta:0.000636757
Beta distribution:Normal
P1Beta:0.000400294
P2Beta:0
A:0
NameA:
B:0
NameB:
C:0
NameC:
Percentile:0
</Health.impact.function.3>
<Health.impact.function.4>
Health impact function dataset:EPA Standard Health Functions
Endpoint group:Emergency Room Visits, Respiratory
Endpoint:Emergency Room Visits, Asthma
Start age:0
End age:17
Race:ALL
Ethnicity:ALL
Gender:ALL
Pollutant:Ozone
Metric:D8HourMax
Metric statistic:None
Author:Mar and Koenig
Qualifier:Child model, 8 hour maximum metric, 3 day lag, May-September
Function:(1-EXP(-Beta*DELTAQ))*Incidence*POP
Year:2009
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Geographic area:Everywhere
Other pollutants:
Reference:Mar, T. F., & Koenig, J. Q. (2009). Relationship between visits to emergency departments for 
asthma and ozone exposure in greater Seattle, Washington. Annals of Allergy, Asthma, & Immunology, 103, 
474-479. 
Baseline functional form:Incidence*POP
Incidence dataset:Other Incidence (2014)
Prevalence dataset:
Variable dataset:
Beta:0.010436002
Beta distribution:Normal
P1Beta:0.004357595
P2Beta:0
A:0
NameA:
B:0
NameB:
C:0
NameC:
Percentile:0
</Health.impact.function.4>
<Health.impact.function.5>
Health impact function dataset:EPA Standard Health Functions
Endpoint group:Acute Respiratory Symptoms
Endpoint:Minor Restricted Activity Days
Start age:18
End age:64
Race:
Ethnicity:
Gender:
Pollutant:Ozone
Metric:D8HourMax
Metric statistic:None
Author:Ostro and Rothschild
Qualifier:8-hour max from 1-hour max.
Function:(1-(1/EXP(Beta*DELTAQ)))*A*POP
Year:1989
Geographic area:Everywhere
Other pollutants:PM2.5
Reference:Ostro, B.D. and S. Rothschild. Air Pollution and Acute Respiratory Morbidity - an Observational 
Study of Multiple Pollutants. Environ Res, 1989. 50(2): p. 238-247.
Baseline functional form:A*POP
Incidence dataset:
Prevalence dataset:
Variable dataset:
Beta:0.002596
Beta distribution:Normal
P1Beta:0.00077644
P2Beta:0
A:0.02137
NameA:mRAD18to64; Ostro and Rothschild, 1989, p 243.
B:0
NameB:
C:0
NameC:
Percentile:0
</Health.impact.function.5>
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<Health.impact.function.6>
Health impact function dataset:EPA Standard Health Functions
Endpoint group:Emergency Room Visits, Respiratory
Endpoint:Emergency Room Visits, Asthma
Start age:18
End age:99
Race:ALL
Ethnicity:ALL
Gender:ALL
Pollutant:Ozone
Metric:D8HourMax
Metric statistic:None
Author:Mar and Koenig
Qualifier:Adult model, 8 hour maximum metric, 4 day lag, May-September
Function:(1-EXP(-Beta*DELTAQ))*Incidence*POP
Year:2009
Geographic area:Everywhere
Other pollutants:
Reference:Mar, T. F., & Koenig, J. Q. (2009). Relationship between visits to emergency departments for 
asthma and ozone exposure in greater Seattle, Washington. Annals of Allergy, Asthma, & Immunology, 103, 
474-479. 
Baseline functional form:Incidence*POP
Incidence dataset:Other Incidence (2014)
Prevalence dataset:
Variable dataset:
Beta:0.007696104
Beta distribution:Normal
P1Beta:0.002837389
P2Beta:0
A:0
NameA:
B:0
NameB:
C:0
NameC:
Percentile:0
</Health.impact.function.6>
<Health.impact.function.7>
Health impact function dataset:EPA Standard Health Functions
Endpoint group:Mortality
Endpoint:Mortality, Cardiopulmonary
Start age:0
End age:99
Race:
Ethnicity:
Gender:
Pollutant:Ozone
Metric:D8HourMax
Metric statistic:None
Author:Huang et al.
Qualifier:Warm season. 8-hour max from 24-hour mean.
Function:(1-(1/EXP(Beta*DELTAQ)))*Incidence*POP*A
Year:2005
Geographic area:Everywhere
Other pollutants:
Reference:Huang, Y., F. Dominici and M. L. Bell. 2005. Bayesian hierarchical distributed lag models for 
summer ozone exposure and cardio-respiratory mortality. Environmetrics. Vol. 16: 547?562. 
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Baseline functional form:Incidence*POP*A
Incidence dataset:Mortality Incidence (2020)
Prevalence dataset:
Variable dataset:
Beta:0.0008125
Beta distribution:Normal
P1Beta:0.000258673
P2Beta:0
A:0.0027397
NameA:Scalar to convert annual mortality rate to daily rate
B:0
NameB:
C:0
NameC:
Percentile:0
</Health.impact.function.7>
<Health.impact.function.8>
Health impact function dataset:EPA Standard Health Functions
Endpoint group:Mortality
Endpoint:Mortality, All Cause
Start age:0
End age:99
Race:
Ethnicity:
Gender:
Pollutant:Ozone
Metric:D8HourMax
Metric statistic:None
Author:Bell et al.
Qualifier:Warm season. 8-hour max from 24-hour mean.
Function:(1-(1/EXP(Beta*DELTAQ)))*Incidence*POP*A
Year:2005
Geographic area:Everywhere
Other pollutants:
Reference:Bell, M.L., F. Dominici, and J.M. Samet. A meta-analysis of time-series studies of ozone and 
mortality with comparison to the national morbidity, mortality, and air pollution study. Epidemiology, 2005. 
16(4): p. 436-45.
Baseline functional form:Incidence*POP*A
Incidence dataset:Mortality Incidence (2000)
Prevalence dataset:
Variable dataset:
Beta:0.000795
Beta distribution:Normal
P1Beta:0.00021227
P2Beta:0
A:0.0027397
NameA:Scalar to convert annual mortality rate to daily rate
B:0
NameB:
C:0
NameC:
Percentile:0
</Health.impact.function.8>
<Health.impact.function.9>
Health impact function dataset:EPA Standard Health Functions
Endpoint group:Mortality
Endpoint:Mortality, Non-Accidental
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Start age:0
End age:99
Race:ALL
Ethnicity:ALL
Gender:ALL
Pollutant:Ozone
Metric:D8HourMax
Metric statistic:None
Author:Smith et al.
Qualifier:Ozone season
Function:(1-(1/EXP(Beta*DELTAQ)))*Incidence*POP*A
Year:2009
Geographic area:Everywhere
Other pollutants:PM10
Reference:Richard L. Smith, Baowei Xu, and Paul Switzer (2009). Reassessing the relationship between 
ozone and short-term mortality in U.S. urban communities. Inhalation Toxicology, 2009; 21(S2): 37?65
Baseline functional form:Incidence*POP*A
Incidence dataset:Mortality Incidence (2020)
Prevalence dataset:
Variable dataset:
Beta:0.000257743
Beta distribution:Normal
P1Beta:0.000167
P2Beta:0
A:0.0027397
NameA:Scalar to convert annual mortality rate to daily rate
B:0
NameB:
C:0
NameC:
Percentile:0
</Health.impact.function.9>
</Selected.health.impact.functions>
<Log.And.Message>
Processing complete. HIF processing time: 0 hours 21 minutes 34 seconds.
</Log.And.Message>
Sort Incidence LHPs:False
Default Advanced Pooling Method:Roundweightstotwodigits
Default Monte Carlo Iterations:5000
Random Seed:1
<Inflation.Adjustment>
Dataset:
Year:-1
</Inflation.Adjustment>
<Income.Growth.Adjustment>
Dataset:
Year : -1
</Income.Growth.Adjustment>
<Incidence.Aggregation>
Name:Friant
ID:33
Columns:87
Rows:103
Grid Type:Shapefile
Shapefile Name:CEQA_FRanch_lc_87_103_4000_4000_-108_-256_WGS1984
</Incidence.Aggregation>
<Valuation.Aggregation>
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Name:Friant
ID:33
Columns:87
Rows:103
Grid Type:Shapefile
Shapefile Name:CEQA_FRanch_lc_87_103_4000_4000_-108_-256_WGS1984
</Valuation.Aggregation>
<Incidence.Pooling.And.Aggregation.>
<MortalityPooling.Method.TypeNone>
<Health.impact.function>
Health impact function dataset:EPA Standard Health Functions
Endpoint group:Mortality
Endpoint:Mortality, All Cause
Pollutant:Ozone
Metric:D8HourMax
Metric statistic:None
Author:Bell et al.
Year:2005
Location:US & non-US
Other pollutants:
Geographic area:Everywhere
Reference:Bell, M.L., F. Dominici, and J.M. Samet. A meta-analysis of time-series studies of ozone and 
mortality with comparison to the national morbidity, mortality, and air pollution study. Epidemiology, 2005. 
16(4): p. 436-45.
Start age:0
End age:99
Baseline functional form:
Incidence dataset:Mortality Incidence (2000)
Beta:0.000795
Beta distribution:Normal
P1Beta:0.00021227
P2Beta:0
A:0.0027397
NameA:Scalar to convert annual mortality rate to daily rate
B:0
NameB:
C:0
NameC:
Percentile:0
Weight:0
</Health.impact.function>
<Health.impact.function>
Health impact function dataset:EPA Standard Health Functions
Endpoint group:Mortality
Endpoint:Mortality, Cardiopulmonary
Pollutant:Ozone
Metric:D8HourMax
Metric statistic:None
Author:Huang et al.
Year:2005
Location:19 US cities
Other pollutants:
Geographic area:Everywhere
Reference:Huang, Y., F. Dominici and M. L. Bell. 2005. Bayesian hierarchical distributed lag models for 
summer ozone exposure and cardio-respiratory mortality. Environmetrics. Vol. 16: 547?562. 
Start age:0
End age:99
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Baseline functional form:
Incidence dataset:Mortality Incidence (2020)
Beta:0.0008125
Beta distribution:Normal
P1Beta:0.000258673
P2Beta:0
A:0.0027397
NameA:Scalar to convert annual mortality rate to daily rate
B:0
NameB:
C:0
NameC:
Percentile:0
Weight:0
</Health.impact.function>
<Health.impact.function>
Health impact function dataset:EPA Standard Health Functions
Endpoint group:Mortality
Endpoint:Mortality, Non-Accidental
Pollutant:Ozone
Metric:D8HourMax
Metric statistic:None
Author:Smith et al.
Year:2009
Location:98 US cities
Other pollutants:PM10
Geographic area:Everywhere
Reference:Richard L. Smith, Baowei Xu, and Paul Switzer (2009). Reassessing the relationship between 
ozone and short-term mortality in U.S. urban communities. Inhalation Toxicology, 2009; 21(S2): 37?65
Start age:0
End age:99
Baseline functional form:PM10
Incidence dataset:Mortality Incidence (2020)
Beta:0.000257743
Beta distribution:Normal
P1Beta:0.000167
P2Beta:0
A:0.0027397
NameA:Scalar to convert annual mortality rate to daily rate
B:0
NameB:
C:0
NameC:
Percentile:0
Weight:0
</Health.impact.function>
<Health.impact.function>
Health impact function dataset:EPA Standard Health Functions
Endpoint group:Mortality
Endpoint:Mortality, Respiratory
Pollutant:Ozone
Metric:D8HourMax
Metric statistic:Mean
Author:Jerrett et al.
Year:2009
Location:86 urban areas
Other pollutants:PM2.5
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Geographic area:Everywhere
Reference:Jerrett, Michael, Burnett, Richard T, Pope, Arden C, et al. 2009. Long-Term Ozone Exposure and 
Mortality. New England Journal of Medicine.
Start age:30
End age:99
Baseline functional form:PM2.5
Incidence dataset:Mortality Incidence (2020)
Beta:0.004471161
Beta distribution:Normal
P1Beta:0.001510347
P2Beta:0
A:0
NameA:
B:0
NameB:
C:0
NameC:
Percentile:0
Weight:0
</Health.impact.function>
</MortalityPooling.Method.TypeNone>
<Health.impact.function>
Health impact function dataset:EPA Standard Health Functions
Endpoint group:Mortality
Endpoint:Mortality, All Cause
Pollutant:Ozone
Metric:D8HourMax
Metric statistic:None
Author:Bell et al.
Qualifier:Warm season. 8-hour max from 24-hour mean.
Function:(1-(1/EXP(Beta*DELTAQ)))*Incidence*POP*A
Year:2005
Geographic area:Everywhere
Other pollutants:
Reference:Bell, M.L., F. Dominici, and J.M. Samet. A meta-analysis of time-series studies of ozone and 
mortality with comparison to the national morbidity, mortality, and air pollution study. Epidemiology, 2005. 
16(4): p. 436-45.
Start age:
End age:99
Baseline functional form:Incidence*POP*A
Incidence dataset:Mortality Incidence (2000)
Beta:0.000795
Beta distribution:Normal
P1Beta:0.00021227
P2Beta:0
A:0.0027397
NameA:Scalar to convert annual mortality rate to daily rate
B:0
NameB:
C:0
NameC:
Percentile:0
Weight:0
</Health.impact.function>
<Health.impact.function>
Health impact function dataset:EPA Standard Health Functions
Endpoint group:Mortality
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Endpoint:Mortality, Cardiopulmonary
Pollutant:Ozone
Metric:D8HourMax
Metric statistic:None
Author:Huang et al.
Qualifier:Warm season. 8-hour max from 24-hour mean.
Function:(1-(1/EXP(Beta*DELTAQ)))*Incidence*POP*A
Year:2005
Geographic area:Everywhere
Other pollutants:
Reference:Huang, Y., F. Dominici and M. L. Bell. 2005. Bayesian hierarchical distributed lag models for 
summer ozone exposure and cardio-respiratory mortality. Environmetrics. Vol. 16: 547?562. 
Start age:
End age:99
Baseline functional form:Incidence*POP*A
Incidence dataset:Mortality Incidence (2020)
Beta:0.0008125
Beta distribution:Normal
P1Beta:0.000258673
P2Beta:0
A:0.0027397
NameA:Scalar to convert annual mortality rate to daily rate
B:0
NameB:
C:0
NameC:
Percentile:0
Weight:0
</Health.impact.function>
<Health.impact.function>
Health impact function dataset:EPA Standard Health Functions
Endpoint group:Mortality
Endpoint:Mortality, Non-Accidental
Pollutant:Ozone
Metric:D8HourMax
Metric statistic:None
Author:Smith et al.
Qualifier:Ozone season
Function:(1-(1/EXP(Beta*DELTAQ)))*Incidence*POP*A
Year:2009
Geographic area:Everywhere
Other pollutants:PM10
Reference:Richard L. Smith, Baowei Xu, and Paul Switzer (2009). Reassessing the relationship between 
ozone and short-term mortality in U.S. urban communities. Inhalation Toxicology, 2009; 21(S2): 37?65
Start age:
End age:99
Baseline functional form:Incidence*POP*A
Incidence dataset:Mortality Incidence (2020)
Beta:0.000257743
Beta distribution:Normal
P1Beta:0.000167
P2Beta:0
A:0.0027397
NameA:Scalar to convert annual mortality rate to daily rate
B:0
NameB:
C:0
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NameC:
Percentile:0
Weight:0
</Health.impact.function>
<Health.impact.function>
Health impact function dataset:EPA Standard Health Functions
Endpoint group:Mortality
Endpoint:Mortality, Respiratory
Pollutant:Ozone
Metric:D8HourMax
Metric statistic:Mean
Author:Jerrett et al.
Qualifier:Metric adjusted using a ratio of 1.14 based on table 2 of Anderson & Bell
Function:(1-(1/EXP(Beta*DELTAQ)))*Incidence*POP
Year:2009
Geographic area:Everywhere
Other pollutants:PM2.5
Reference:Jerrett, Michael, Burnett, Richard T, Pope, Arden C, et al. 2009. Long-Term Ozone Exposure and 
Mortality. New England Journal of Medicine.
Start age:30
End age:99
Baseline functional form:Incidence*POP
Incidence dataset:Mortality Incidence (2020)
Beta:0.004471161
Beta distribution:Normal
P1Beta:0.001510347
P2Beta:0
A:0
NameA:
B:0
NameB:
C:0
NameC:
Percentile:0
Weight:0
</Health.impact.function>
</Incidence.Pooling.And.Aggregation.>
<Valuation.Pooling.Window.Name.Mortality>
Mortality
Bell:Pooling Method Type:None
Huang:Pooling Method Type:None
Smith:Pooling Method Type:None
Jerrett:Pooling Method Type:None
</Valuation.Pooling.Window.Name.Mortality>
<Incidence.Pooling.And.Aggregation.>
<Health.impact.function>
Health impact function dataset:EPA Standard Health Functions
Endpoint group:School Loss Days
Endpoint:School Loss Days, All Cause
Pollutant:Ozone
Metric:D8HourMax
Metric statistic:None
Author:Gilliland et al.
Qualifier:All year. 8-hour max from 8-hour mean.
Function:(1-(1/EXP(Beta*DELTAQ)))*Incidence*POP*A*B
Year:2001
Geographic area:Everywhere
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Other pollutants:
Reference:Gilliland, F.D., K. Berhane, E.B. Rappaport, D.C. Thomas, E. Avol, W.J. Gauderman, S.J. London, 
H.G. Margolis, R. McConnell, K.T. Islam and J.M. Peters. 2001. The effects of ambient air pollution on school 
absenteeism due to respiratory illnesses. Epidemi
Start age:5
End age:17
Baseline functional form:Incidence*POP*A*B
Incidence dataset:Other Incidence (2000)
Beta:0.007824
Beta distribution:Normal
P1Beta:0.004444898
P2Beta:0
A:0.3929
NameA:Scalar for % of school days in ozone season
B:0.945
NameB:Population of school children at-risk for a new absence
C:0
NameC:
Percentile:0
Weight:0
</Health.impact.function>
</Incidence.Pooling.And.Aggregation.>
<Valuation.Pooling.Window.Name.School.Loss.Days>
School Loss Days
</Valuation.Pooling.Window.Name.School.Loss.Days>
<Incidence.Pooling.And.Aggregation.>
<Health.impact.function>
Health impact function dataset:EPA Standard Health Functions
Endpoint group:Asthma Exacerbation
Endpoint:Asthma Exacerbation, One or More Symptoms
Pollutant:Ozone
Metric:D8HourMax
Metric statistic:None
Author:O'Connor et al.
Qualifier:
Function:(1-EXP(-Beta*DELTAQ))*A*POP*Prevalence
Year:2008
Geographic area:Everywhere
Other pollutants:PM2.5,NO2
Reference:O'Connor, G. T., L. Neas, et al. (2008). "Acute respiratory health effects of air pollution on 
children with asthma in US inner cities." J Allergy Clin Immunol 121(5): 1133-1139 e1131
Start age:6
End age:18
Baseline functional form:A*POP*Prevalence
Incidence dataset:
Beta:0.000966054
Beta distribution:Normal
P1Beta:0.002991454
P2Beta:0
A:0.207142857
NameA:Incidence rate
B:0
NameB:
C:0
NameC:
Percentile:0
Weight:0
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</Health.impact.function>
</Incidence.Pooling.And.Aggregation.>
<Valuation.Pooling.Window.Name.Asthma.Exacerbation>
Asthma Exacerbation
</Valuation.Pooling.Window.Name.Asthma.Exacerbation>
<Incidence.Pooling.And.Aggregation.>
<Health.impact.function>
Health impact function dataset:EPA Standard Health Functions
Endpoint group:Hospital Admissions, Respiratory
Endpoint:HA, All Respiratory
Pollutant:Ozone
Metric:D8HourMax
Metric statistic:None
Author:Katsouyanni et al.
Qualifier:Summer, 1985-1994, penalized splines, 8 df
Function:(1-(1/EXP(Beta*DELTAQ)))*Incidence*POP
Year:2009
Geographic area:Everywhere
Other pollutants:
Reference:Katsouyanni, K., Samet, J. M., Anderson, H. R., Atkinson, R., Tertre, A. L., Medina, S., et al. 
(2009). Air Pollution and Health: A European and North American Approach (APHENA): Health Effects 
Institute.
Start age:65
End age:99
Baseline functional form:Incidence*POP
Incidence dataset:Other Incidence (2014)
Beta:0.000636757
Beta distribution:Normal
P1Beta:0.000400294
P2Beta:0
A:0
NameA:
B:0
NameB:
C:0
NameC:
Percentile:0
Weight:0
</Health.impact.function>
</Incidence.Pooling.And.Aggregation.>
<Valuation.Pooling.Window.Name.Hospital.Admissions.Respiratory>
Hospital Admissions, Respiratory
</Valuation.Pooling.Window.Name.Hospital.Admissions.Respiratory>
<Incidence.Pooling.And.Aggregation.>
<Emergency.Room.Visits.RespiratoryPooling.Method.TypeNone>
<Health.impact.function>
Health impact function dataset:EPA Standard Health Functions
Endpoint group:Emergency Room Visits, Respiratory
Endpoint:Emergency Room Visits, Asthma
Pollutant:Ozone
Metric:D8HourMax
Metric statistic:None
Author:Mar and Koenig
Year:2009
Location:Seattle,WA
Other pollutants:
Geographic area:Everywhere
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Reference:Mar, T. F., & Koenig, J. Q. (2009). Relationship between visits to emergency departments for 
asthma and ozone exposure in greater Seattle, Washington. Annals of Allergy, Asthma, & Immunology, 103, 
474-479. 
Start age:0
End age:17
Baseline functional form:
Incidence dataset:Other Incidence (2014)
Beta:0.010436002
Beta distribution:Normal
P1Beta:0.004357595
P2Beta:0
A:0
NameA:
B:0
NameB:
C:0
NameC:
Percentile:0
Weight:0
</Health.impact.function>
<Health.impact.function>
Health impact function dataset:EPA Standard Health Functions
Endpoint group:Emergency Room Visits, Respiratory
Endpoint:Emergency Room Visits, Asthma
Pollutant:Ozone
Metric:D8HourMax
Metric statistic:None
Author:Mar and Koenig
Year:2009
Location:Seattle,WA
Other pollutants:
Geographic area:Everywhere
Reference:Mar, T. F., & Koenig, J. Q. (2009). Relationship between visits to emergency departments for 
asthma and ozone exposure in greater Seattle, Washington. Annals of Allergy, Asthma, & Immunology, 103, 
474-479. 
Start age:18
End age:99
Baseline functional form:
Incidence dataset:Other Incidence (2014)
Beta:0.007696104
Beta distribution:Normal
P1Beta:0.002837389
P2Beta:0
A:0
NameA:
B:0
NameB:
C:0
NameC:
Percentile:0
Weight:0
</Health.impact.function>
</Emergency.Room.Visits.RespiratoryPooling.Method.TypeNone>
<Health.impact.function>
Health impact function dataset:EPA Standard Health Functions
Endpoint group:Emergency Room Visits, Respiratory
Endpoint:Emergency Room Visits, Asthma
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Pollutant:Ozone
Metric:D8HourMax
Metric statistic:None
Author:Mar and Koenig
Qualifier:Child model, 8 hour maximum metric, 3 day lag, May-September
Function:(1-EXP(-Beta*DELTAQ))*Incidence*POP
Year:2009
Geographic area:Everywhere
Other pollutants:
Reference:Mar, T. F., & Koenig, J. Q. (2009). Relationship between visits to emergency departments for 
asthma and ozone exposure in greater Seattle, Washington. Annals of Allergy, Asthma, & Immunology, 103, 
474-479. 
Start age:
End age:17
Baseline functional form:Incidence*POP
Incidence dataset:Other Incidence (2014)
Beta:0.010436002
Beta distribution:Normal
P1Beta:0.004357595
P2Beta:0
A:0
NameA:
B:0
NameB:
C:0
NameC:
Percentile:0
Weight:0
</Health.impact.function>
<Health.impact.function>
Health impact function dataset:EPA Standard Health Functions
Endpoint group:Emergency Room Visits, Respiratory
Endpoint:Emergency Room Visits, Asthma
Pollutant:Ozone
Metric:D8HourMax
Metric statistic:None
Author:Mar and Koenig
Qualifier:Adult model, 8 hour maximum metric, 4 day lag, May-September
Function:(1-EXP(-Beta*DELTAQ))*Incidence*POP
Year:2009
Geographic area:Everywhere
Other pollutants:
Reference:Mar, T. F., & Koenig, J. Q. (2009). Relationship between visits to emergency departments for 
asthma and ozone exposure in greater Seattle, Washington. Annals of Allergy, Asthma, & Immunology, 103, 
474-479. 
Start age:18
End age:99
Baseline functional form:Incidence*POP
Incidence dataset:Other Incidence (2014)
Beta:0.007696104
Beta distribution:Normal
P1Beta:0.002837389
P2Beta:0
A:0
NameA:
B:0
NameB:
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C:0
NameC:
Percentile:0
Weight:0
</Health.impact.function>
</Incidence.Pooling.And.Aggregation.>
<Valuation.Pooling.Window.Name.Emergency.Room.Visits.Respiratory>
Emergency Room Visits, Respiratory
Mar:Pooling Method Type:None
Mar:Pooling Method Type:None
</Valuation.Pooling.Window.Name.Emergency.Room.Visits.Respiratory>
<Incidence.Pooling.And.Aggregation.>
<Health.impact.function>
Health impact function dataset:EPA Standard Health Functions
Endpoint group:Acute Respiratory Symptoms
Endpoint:Minor Restricted Activity Days
Pollutant:Ozone
Metric:D8HourMax
Metric statistic:None
Author:Ostro and Rothschild
Qualifier:8-hour max from 1-hour max.
Function:(1-(1/EXP(Beta*DELTAQ)))*A*POP
Year:1989
Geographic area:Everywhere
Other pollutants:PM2.5
Reference:Ostro, B.D. and S. Rothschild. Air Pollution and Acute Respiratory Morbidity - an Observational 
Study of Multiple Pollutants. Environ Res, 1989. 50(2): p. 238-247.
Start age:18
End age:64
Baseline functional form:A*POP
Incidence dataset:
Beta:0.002596
Beta distribution:Normal
P1Beta:0.00077644
P2Beta:0
A:0.02137
NameA:mRAD18to64; Ostro and Rothschild, 1989, p 243.
B:0
NameB:
C:0
NameC:
Percentile:0
Weight:0
</Health.impact.function>
</Incidence.Pooling.And.Aggregation.>
<Valuation.Pooling.Window.Name.Acute.Respiratory.Symptoms>
Acute Respiratory Symptoms
</Valuation.Pooling.Window.Name.Acute.Respiratory.Symptoms>
Processing complete. Valuation processing time: 0 hours 0 minutes 0 seconds.
</Aggregate, Pool & Value>
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BenMAP-CE 1.5.0
<Aggregate, Pool & Value>
Create Datetime:2021-04-19 05:35:30
IsRunInPointMode:False
Latin Hypercube Points:20
Population Dataset:PopFriantUpdated-Friant
Year:2031
Threshold:0
Incidence averaging:All
<Baseline.And.Control.Group0>
<Pollutant>
Name:Ozone
Observation Type:Hourly
Season0:May 1-September 30
Metric0:D1HourMax
Metric1:D24HourMean
Metric2:D8HourMax
Metric3:D8HourMean
</Pollutant>
<Baseline.Air.Quality.Surfaces>
Create Datetime:2021-04-19 05:14:11
Pollutant:Ozone
Model Database File:C:\Users\Frank\Documents\My BenMAP-CE Files\Friant\Data\o3.2031.pmit.benmap.csv
<Grid.Definition>
Name:Friant
ID:33
Columns:87
Rows:103
Grid Type:Shapefile
Shapefile Name:CEQA_FRanch_lc_87_103_4000_4000_-108_-256_WGS1984
</Grid.Definition>
<Pollutant>
Name:Ozone
Observation Type:Hourly
Season0:May 1-September 30
Metric0:D1HourMax
Metric1:D24HourMean
Metric2:D8HourMax
Metric3:D8HourMean
</Pollutant>
</Baseline.Air.Quality.Surfaces>
<Control.Air.Quality.Surfaces>
Create Datetime:2021-04-19 04:07:19
Pollutant:Ozone
Model Database File:C:\Users\Frank\Documents\My BenMAP-CE Files\Friant\Data\o3.2031.base.benmap.csv
<Grid.Definition>
Name:Friant
ID:33
Columns:87
Rows:103
Grid Type:Shapefile
Shapefile Name:CEQA_FRanch_lc_87_103_4000_4000_-108_-256_WGS1984
</Grid.Definition>
<Pollutant>
Name:Ozone
Observation Type:Hourly
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Season0:May 1-September 30
Metric0:D1HourMax
Metric1:D24HourMean
Metric2:D8HourMax
Metric3:D8HourMean
</Pollutant>
</Control.Air.Quality.Surfaces>
</Baseline.And.Control.Group0>
<Selected.health.impact.functions>
<Health.impact.function.0>
Health impact function dataset:EPA Standard Health Functions
Endpoint group:Mortality
Endpoint:Mortality, Respiratory
Start age:30
End age:99
Race:
Ethnicity:
Gender:
Pollutant:Ozone
Metric:D8HourMax
Metric statistic:Mean
Author:Jerrett et al.
Qualifier:Metric adjusted using a ratio of 1.14 based on table 2 of Anderson & Bell
Function:(1-(1/EXP(Beta*DELTAQ)))*Incidence*POP
Year:2009
Geographic area:Everywhere
Other pollutants:PM2.5
Reference:Jerrett, Michael, Burnett, Richard T, Pope, Arden C, et al. 2009. Long-Term Ozone Exposure and 
Mortality. New England Journal of Medicine.
Baseline functional form:Incidence*POP
Incidence dataset:Mortality Incidence (2020)
Prevalence dataset:
Variable dataset:
Beta:0.004471161
Beta distribution:Normal
P1Beta:0.001510347
P2Beta:0
A:0
NameA:
B:0
NameB:
C:0
NameC:
Percentile:0
</Health.impact.function.0>
<Health.impact.function.1>
Health impact function dataset:EPA Standard Health Functions
Endpoint group:Asthma Exacerbation
Endpoint:Asthma Exacerbation, One or More Symptoms
Start age:6
End age:18
Race:ALL
Ethnicity:ALL
Gender:ALL
Pollutant:Ozone
Metric:D8HourMax
Metric statistic:None
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Author:O'Connor et al.
Qualifier:
Function:(1-EXP(-Beta*DELTAQ))*A*POP*Prevalence
Year:2008
Geographic area:Everywhere
Other pollutants:PM2.5,NO2
Reference:O'Connor, G. T., L. Neas, et al. (2008). "Acute respiratory health effects of air pollution on 
children with asthma in US inner cities." J Allergy Clin Immunol 121(5): 1133-1139 e1131
Baseline functional form:A*POP*Prevalence
Incidence dataset:
Prevalence dataset:Prevalence (2008)
Variable dataset:
Beta:0.000966054
Beta distribution:Normal
P1Beta:0.002991454
P2Beta:0
A:0.207142857
NameA:Incidence rate
B:0
NameB:
C:0
NameC:
Percentile:0
</Health.impact.function.1>
<Health.impact.function.2>
Health impact function dataset:EPA Standard Health Functions
Endpoint group:School Loss Days
Endpoint:School Loss Days, All Cause
Start age:5
End age:17
Race:
Ethnicity:
Gender:
Pollutant:Ozone
Metric:D8HourMax
Metric statistic:None
Author:Gilliland et al.
Qualifier:All year. 8-hour max from 8-hour mean.
Function:(1-(1/EXP(Beta*DELTAQ)))*Incidence*POP*A*B
Year:2001
Geographic area:Everywhere
Other pollutants:
Reference:Gilliland, F.D., K. Berhane, E.B. Rappaport, D.C. Thomas, E. Avol, W.J. Gauderman, S.J. London, 
H.G. Margolis, R. McConnell, K.T. Islam and J.M. Peters. 2001. The effects of ambient air pollution on school 
absenteeism due to respiratory illnesses. Epidemi
Baseline functional form:Incidence*POP*A*B
Incidence dataset:Other Incidence (2000)
Prevalence dataset:
Variable dataset:
Beta:0.007824
Beta distribution:Normal
P1Beta:0.004444898
P2Beta:0
A:0.3929
NameA:Scalar for % of school days in ozone season
B:0.945
NameB:Population of school children at-risk for a new absence
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C:0
NameC:
Percentile:0
</Health.impact.function.2>
<Health.impact.function.3>
Health impact function dataset:EPA Standard Health Functions
Endpoint group:Hospital Admissions, Respiratory
Endpoint:HA, All Respiratory
Start age:65
End age:99
Race:ALL
Ethnicity:ALL
Gender:ALL
Pollutant:Ozone
Metric:D8HourMax
Metric statistic:None
Author:Katsouyanni et al.
Qualifier:Summer, 1985-1994, penalized splines, 8 df
Function:(1-(1/EXP(Beta*DELTAQ)))*Incidence*POP
Year:2009
Geographic area:Everywhere
Other pollutants:
Reference:Katsouyanni, K., Samet, J. M., Anderson, H. R., Atkinson, R., Tertre, A. L., Medina, S., et al. 
(2009). Air Pollution and Health: A European and North American Approach (APHENA): Health Effects 
Institute.
Baseline functional form:Incidence*POP
Incidence dataset:Other Incidence (2014)
Prevalence dataset:
Variable dataset:
Beta:0.000636757
Beta distribution:Normal
P1Beta:0.000400294
P2Beta:0
A:0
NameA:
B:0
NameB:
C:0
NameC:
Percentile:0
</Health.impact.function.3>
<Health.impact.function.4>
Health impact function dataset:EPA Standard Health Functions
Endpoint group:Emergency Room Visits, Respiratory
Endpoint:Emergency Room Visits, Asthma
Start age:0
End age:17
Race:ALL
Ethnicity:ALL
Gender:ALL
Pollutant:Ozone
Metric:D8HourMax
Metric statistic:None
Author:Mar and Koenig
Qualifier:Child model, 8 hour maximum metric, 3 day lag, May-September
Function:(1-EXP(-Beta*DELTAQ))*Incidence*POP
Year:2009
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Geographic area:Everywhere
Other pollutants:
Reference:Mar, T. F., & Koenig, J. Q. (2009). Relationship between visits to emergency departments for 
asthma and ozone exposure in greater Seattle, Washington. Annals of Allergy, Asthma, & Immunology, 103, 
474-479. 
Baseline functional form:Incidence*POP
Incidence dataset:Other Incidence (2014)
Prevalence dataset:
Variable dataset:
Beta:0.010436002
Beta distribution:Normal
P1Beta:0.004357595
P2Beta:0
A:0
NameA:
B:0
NameB:
C:0
NameC:
Percentile:0
</Health.impact.function.4>
<Health.impact.function.5>
Health impact function dataset:EPA Standard Health Functions
Endpoint group:Acute Respiratory Symptoms
Endpoint:Minor Restricted Activity Days
Start age:18
End age:64
Race:
Ethnicity:
Gender:
Pollutant:Ozone
Metric:D8HourMax
Metric statistic:None
Author:Ostro and Rothschild
Qualifier:8-hour max from 1-hour max.
Function:(1-(1/EXP(Beta*DELTAQ)))*A*POP
Year:1989
Geographic area:Everywhere
Other pollutants:PM2.5
Reference:Ostro, B.D. and S. Rothschild. Air Pollution and Acute Respiratory Morbidity - an Observational 
Study of Multiple Pollutants. Environ Res, 1989. 50(2): p. 238-247.
Baseline functional form:A*POP
Incidence dataset:
Prevalence dataset:
Variable dataset:
Beta:0.002596
Beta distribution:Normal
P1Beta:0.00077644
P2Beta:0
A:0.02137
NameA:mRAD18to64; Ostro and Rothschild, 1989, p 243.
B:0
NameB:
C:0
NameC:
Percentile:0
</Health.impact.function.5>
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<Health.impact.function.6>
Health impact function dataset:EPA Standard Health Functions
Endpoint group:Emergency Room Visits, Respiratory
Endpoint:Emergency Room Visits, Asthma
Start age:18
End age:99
Race:ALL
Ethnicity:ALL
Gender:ALL
Pollutant:Ozone
Metric:D8HourMax
Metric statistic:None
Author:Mar and Koenig
Qualifier:Adult model, 8 hour maximum metric, 4 day lag, May-September
Function:(1-EXP(-Beta*DELTAQ))*Incidence*POP
Year:2009
Geographic area:Everywhere
Other pollutants:
Reference:Mar, T. F., & Koenig, J. Q. (2009). Relationship between visits to emergency departments for 
asthma and ozone exposure in greater Seattle, Washington. Annals of Allergy, Asthma, & Immunology, 103, 
474-479. 
Baseline functional form:Incidence*POP
Incidence dataset:Other Incidence (2014)
Prevalence dataset:
Variable dataset:
Beta:0.007696104
Beta distribution:Normal
P1Beta:0.002837389
P2Beta:0
A:0
NameA:
B:0
NameB:
C:0
NameC:
Percentile:0
</Health.impact.function.6>
<Health.impact.function.7>
Health impact function dataset:EPA Standard Health Functions
Endpoint group:Mortality
Endpoint:Mortality, Cardiopulmonary
Start age:0
End age:99
Race:
Ethnicity:
Gender:
Pollutant:Ozone
Metric:D8HourMax
Metric statistic:None
Author:Huang et al.
Qualifier:Warm season. 8-hour max from 24-hour mean.
Function:(1-(1/EXP(Beta*DELTAQ)))*Incidence*POP*A
Year:2005
Geographic area:Everywhere
Other pollutants:
Reference:Huang, Y., F. Dominici and M. L. Bell. 2005. Bayesian hierarchical distributed lag models for 
summer ozone exposure and cardio-respiratory mortality. Environmetrics. Vol. 16: 547?562. 
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Baseline functional form:Incidence*POP*A
Incidence dataset:Mortality Incidence (2020)
Prevalence dataset:
Variable dataset:
Beta:0.0008125
Beta distribution:Normal
P1Beta:0.000258673
P2Beta:0
A:0.0027397
NameA:Scalar to convert annual mortality rate to daily rate
B:0
NameB:
C:0
NameC:
Percentile:0
</Health.impact.function.7>
<Health.impact.function.8>
Health impact function dataset:EPA Standard Health Functions
Endpoint group:Mortality
Endpoint:Mortality, All Cause
Start age:0
End age:99
Race:
Ethnicity:
Gender:
Pollutant:Ozone
Metric:D8HourMax
Metric statistic:None
Author:Bell et al.
Qualifier:Warm season. 8-hour max from 24-hour mean.
Function:(1-(1/EXP(Beta*DELTAQ)))*Incidence*POP*A
Year:2005
Geographic area:Everywhere
Other pollutants:
Reference:Bell, M.L., F. Dominici, and J.M. Samet. A meta-analysis of time-series studies of ozone and 
mortality with comparison to the national morbidity, mortality, and air pollution study. Epidemiology, 2005. 
16(4): p. 436-45.
Baseline functional form:Incidence*POP*A
Incidence dataset:Mortality Incidence (2000)
Prevalence dataset:
Variable dataset:
Beta:0.000795
Beta distribution:Normal
P1Beta:0.00021227
P2Beta:0
A:0.0027397
NameA:Scalar to convert annual mortality rate to daily rate
B:0
NameB:
C:0
NameC:
Percentile:0
</Health.impact.function.8>
<Health.impact.function.9>
Health impact function dataset:EPA Standard Health Functions
Endpoint group:Mortality
Endpoint:Mortality, Non-Accidental
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Start age:0
End age:99
Race:ALL
Ethnicity:ALL
Gender:ALL
Pollutant:Ozone
Metric:D8HourMax
Metric statistic:None
Author:Smith et al.
Qualifier:Ozone season
Function:(1-(1/EXP(Beta*DELTAQ)))*Incidence*POP*A
Year:2009
Geographic area:Everywhere
Other pollutants:PM10
Reference:Richard L. Smith, Baowei Xu, and Paul Switzer (2009). Reassessing the relationship between 
ozone and short-term mortality in U.S. urban communities. Inhalation Toxicology, 2009; 21(S2): 37?65
Baseline functional form:Incidence*POP*A
Incidence dataset:Mortality Incidence (2020)
Prevalence dataset:
Variable dataset:
Beta:0.000257743
Beta distribution:Normal
P1Beta:0.000167
P2Beta:0
A:0.0027397
NameA:Scalar to convert annual mortality rate to daily rate
B:0
NameB:
C:0
NameC:
Percentile:0
</Health.impact.function.9>
</Selected.health.impact.functions>
<Log.And.Message>
Processing complete. HIF processing time: 0 hours 20 minutes 54 seconds.
</Log.And.Message>
Sort Incidence LHPs:False
Default Advanced Pooling Method:Roundweightstotwodigits
Default Monte Carlo Iterations:5000
Random Seed:1
<Inflation.Adjustment>
Dataset:
Year:-1
</Inflation.Adjustment>
<Income.Growth.Adjustment>
Dataset:
Year : -1
</Income.Growth.Adjustment>
<Incidence.Aggregation>
Name:Friant
ID:33
Columns:87
Rows:103
Grid Type:Shapefile
Shapefile Name:CEQA_FRanch_lc_87_103_4000_4000_-108_-256_WGS1984
</Incidence.Aggregation>
<Valuation.Aggregation>
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Name:Friant
ID:33
Columns:87
Rows:103
Grid Type:Shapefile
Shapefile Name:CEQA_FRanch_lc_87_103_4000_4000_-108_-256_WGS1984
</Valuation.Aggregation>
<Incidence.Pooling.And.Aggregation.>
<MortalityPooling.Method.TypeNone>
<Health.impact.function>
Health impact function dataset:EPA Standard Health Functions
Endpoint group:Mortality
Endpoint:Mortality, All Cause
Pollutant:Ozone
Metric:D8HourMax
Metric statistic:None
Author:Bell et al.
Year:2005
Location:US & non-US
Other pollutants:
Geographic area:Everywhere
Reference:Bell, M.L., F. Dominici, and J.M. Samet. A meta-analysis of time-series studies of ozone and 
mortality with comparison to the national morbidity, mortality, and air pollution study. Epidemiology, 2005. 
16(4): p. 436-45.
Start age:0
End age:99
Baseline functional form:
Incidence dataset:Mortality Incidence (2000)
Beta:0.000795
Beta distribution:Normal
P1Beta:0.00021227
P2Beta:0
A:0.0027397
NameA:Scalar to convert annual mortality rate to daily rate
B:0
NameB:
C:0
NameC:
Percentile:0
Weight:0
</Health.impact.function>
<Health.impact.function>
Health impact function dataset:EPA Standard Health Functions
Endpoint group:Mortality
Endpoint:Mortality, Cardiopulmonary
Pollutant:Ozone
Metric:D8HourMax
Metric statistic:None
Author:Huang et al.
Year:2005
Location:19 US cities
Other pollutants:
Geographic area:Everywhere
Reference:Huang, Y., F. Dominici and M. L. Bell. 2005. Bayesian hierarchical distributed lag models for 
summer ozone exposure and cardio-respiratory mortality. Environmetrics. Vol. 16: 547?562. 
Start age:0
End age:99
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Baseline functional form:
Incidence dataset:Mortality Incidence (2020)
Beta:0.0008125
Beta distribution:Normal
P1Beta:0.000258673
P2Beta:0
A:0.0027397
NameA:Scalar to convert annual mortality rate to daily rate
B:0
NameB:
C:0
NameC:
Percentile:0
Weight:0
</Health.impact.function>
<Health.impact.function>
Health impact function dataset:EPA Standard Health Functions
Endpoint group:Mortality
Endpoint:Mortality, Non-Accidental
Pollutant:Ozone
Metric:D8HourMax
Metric statistic:None
Author:Smith et al.
Year:2009
Location:98 US cities
Other pollutants:PM10
Geographic area:Everywhere
Reference:Richard L. Smith, Baowei Xu, and Paul Switzer (2009). Reassessing the relationship between 
ozone and short-term mortality in U.S. urban communities. Inhalation Toxicology, 2009; 21(S2): 37?65
Start age:0
End age:99
Baseline functional form:PM10
Incidence dataset:Mortality Incidence (2020)
Beta:0.000257743
Beta distribution:Normal
P1Beta:0.000167
P2Beta:0
A:0.0027397
NameA:Scalar to convert annual mortality rate to daily rate
B:0
NameB:
C:0
NameC:
Percentile:0
Weight:0
</Health.impact.function>
<Health.impact.function>
Health impact function dataset:EPA Standard Health Functions
Endpoint group:Mortality
Endpoint:Mortality, Respiratory
Pollutant:Ozone
Metric:D8HourMax
Metric statistic:Mean
Author:Jerrett et al.
Year:2009
Location:86 urban areas
Other pollutants:PM2.5
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Geographic area:Everywhere
Reference:Jerrett, Michael, Burnett, Richard T, Pope, Arden C, et al. 2009. Long-Term Ozone Exposure and 
Mortality. New England Journal of Medicine.
Start age:30
End age:99
Baseline functional form:PM2.5
Incidence dataset:Mortality Incidence (2020)
Beta:0.004471161
Beta distribution:Normal
P1Beta:0.001510347
P2Beta:0
A:0
NameA:
B:0
NameB:
C:0
NameC:
Percentile:0
Weight:0
</Health.impact.function>
</MortalityPooling.Method.TypeNone>
<Health.impact.function>
Health impact function dataset:EPA Standard Health Functions
Endpoint group:Mortality
Endpoint:Mortality, All Cause
Pollutant:Ozone
Metric:D8HourMax
Metric statistic:None
Author:Bell et al.
Qualifier:Warm season. 8-hour max from 24-hour mean.
Function:(1-(1/EXP(Beta*DELTAQ)))*Incidence*POP*A
Year:2005
Geographic area:Everywhere
Other pollutants:
Reference:Bell, M.L., F. Dominici, and J.M. Samet. A meta-analysis of time-series studies of ozone and 
mortality with comparison to the national morbidity, mortality, and air pollution study. Epidemiology, 2005. 
16(4): p. 436-45.
Start age:
End age:99
Baseline functional form:Incidence*POP*A
Incidence dataset:Mortality Incidence (2000)
Beta:0.000795
Beta distribution:Normal
P1Beta:0.00021227
P2Beta:0
A:0.0027397
NameA:Scalar to convert annual mortality rate to daily rate
B:0
NameB:
C:0
NameC:
Percentile:0
Weight:0
</Health.impact.function>
<Health.impact.function>
Health impact function dataset:EPA Standard Health Functions
Endpoint group:Mortality
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Endpoint:Mortality, Cardiopulmonary
Pollutant:Ozone
Metric:D8HourMax
Metric statistic:None
Author:Huang et al.
Qualifier:Warm season. 8-hour max from 24-hour mean.
Function:(1-(1/EXP(Beta*DELTAQ)))*Incidence*POP*A
Year:2005
Geographic area:Everywhere
Other pollutants:
Reference:Huang, Y., F. Dominici and M. L. Bell. 2005. Bayesian hierarchical distributed lag models for 
summer ozone exposure and cardio-respiratory mortality. Environmetrics. Vol. 16: 547?562. 
Start age:
End age:99
Baseline functional form:Incidence*POP*A
Incidence dataset:Mortality Incidence (2020)
Beta:0.0008125
Beta distribution:Normal
P1Beta:0.000258673
P2Beta:0
A:0.0027397
NameA:Scalar to convert annual mortality rate to daily rate
B:0
NameB:
C:0
NameC:
Percentile:0
Weight:0
</Health.impact.function>
<Health.impact.function>
Health impact function dataset:EPA Standard Health Functions
Endpoint group:Mortality
Endpoint:Mortality, Non-Accidental
Pollutant:Ozone
Metric:D8HourMax
Metric statistic:None
Author:Smith et al.
Qualifier:Ozone season
Function:(1-(1/EXP(Beta*DELTAQ)))*Incidence*POP*A
Year:2009
Geographic area:Everywhere
Other pollutants:PM10
Reference:Richard L. Smith, Baowei Xu, and Paul Switzer (2009). Reassessing the relationship between 
ozone and short-term mortality in U.S. urban communities. Inhalation Toxicology, 2009; 21(S2): 37?65
Start age:
End age:99
Baseline functional form:Incidence*POP*A
Incidence dataset:Mortality Incidence (2020)
Beta:0.000257743
Beta distribution:Normal
P1Beta:0.000167
P2Beta:0
A:0.0027397
NameA:Scalar to convert annual mortality rate to daily rate
B:0
NameB:
C:0
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NameC:
Percentile:0
Weight:0
</Health.impact.function>
<Health.impact.function>
Health impact function dataset:EPA Standard Health Functions
Endpoint group:Mortality
Endpoint:Mortality, Respiratory
Pollutant:Ozone
Metric:D8HourMax
Metric statistic:Mean
Author:Jerrett et al.
Qualifier:Metric adjusted using a ratio of 1.14 based on table 2 of Anderson & Bell
Function:(1-(1/EXP(Beta*DELTAQ)))*Incidence*POP
Year:2009
Geographic area:Everywhere
Other pollutants:PM2.5
Reference:Jerrett, Michael, Burnett, Richard T, Pope, Arden C, et al. 2009. Long-Term Ozone Exposure and 
Mortality. New England Journal of Medicine.
Start age:30
End age:99
Baseline functional form:Incidence*POP
Incidence dataset:Mortality Incidence (2020)
Beta:0.004471161
Beta distribution:Normal
P1Beta:0.001510347
P2Beta:0
A:0
NameA:
B:0
NameB:
C:0
NameC:
Percentile:0
Weight:0
</Health.impact.function>
</Incidence.Pooling.And.Aggregation.>
<Valuation.Pooling.Window.Name.Mortality>
Mortality
Bell:Pooling Method Type:None
Huang:Pooling Method Type:None
Smith:Pooling Method Type:None
Jerrett:Pooling Method Type:None
</Valuation.Pooling.Window.Name.Mortality>
<Incidence.Pooling.And.Aggregation.>
<Health.impact.function>
Health impact function dataset:EPA Standard Health Functions
Endpoint group:School Loss Days
Endpoint:School Loss Days, All Cause
Pollutant:Ozone
Metric:D8HourMax
Metric statistic:None
Author:Gilliland et al.
Qualifier:All year. 8-hour max from 8-hour mean.
Function:(1-(1/EXP(Beta*DELTAQ)))*Incidence*POP*A*B
Year:2001
Geographic area:Everywhere
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Other pollutants:
Reference:Gilliland, F.D., K. Berhane, E.B. Rappaport, D.C. Thomas, E. Avol, W.J. Gauderman, S.J. London, 
H.G. Margolis, R. McConnell, K.T. Islam and J.M. Peters. 2001. The effects of ambient air pollution on school 
absenteeism due to respiratory illnesses. Epidemi
Start age:5
End age:17
Baseline functional form:Incidence*POP*A*B
Incidence dataset:Other Incidence (2000)
Beta:0.007824
Beta distribution:Normal
P1Beta:0.004444898
P2Beta:0
A:0.3929
NameA:Scalar for % of school days in ozone season
B:0.945
NameB:Population of school children at-risk for a new absence
C:0
NameC:
Percentile:0
Weight:0
</Health.impact.function>
</Incidence.Pooling.And.Aggregation.>
<Valuation.Pooling.Window.Name.School.Loss.Days>
School Loss Days
</Valuation.Pooling.Window.Name.School.Loss.Days>
<Incidence.Pooling.And.Aggregation.>
<Health.impact.function>
Health impact function dataset:EPA Standard Health Functions
Endpoint group:Asthma Exacerbation
Endpoint:Asthma Exacerbation, One or More Symptoms
Pollutant:Ozone
Metric:D8HourMax
Metric statistic:None
Author:O'Connor et al.
Qualifier:
Function:(1-EXP(-Beta*DELTAQ))*A*POP*Prevalence
Year:2008
Geographic area:Everywhere
Other pollutants:PM2.5,NO2
Reference:O'Connor, G. T., L. Neas, et al. (2008). "Acute respiratory health effects of air pollution on 
children with asthma in US inner cities." J Allergy Clin Immunol 121(5): 1133-1139 e1131
Start age:6
End age:18
Baseline functional form:A*POP*Prevalence
Incidence dataset:
Beta:0.000966054
Beta distribution:Normal
P1Beta:0.002991454
P2Beta:0
A:0.207142857
NameA:Incidence rate
B:0
NameB:
C:0
NameC:
Percentile:0
Weight:0



file:///C/Users/lmoel/Downloads/BenMAP%20Audit%20Trails/BenMAP%20Audit%20Trails/o3.2031.pmit.txt[5/5/2021 9:32:05 AM]

</Health.impact.function>
</Incidence.Pooling.And.Aggregation.>
<Valuation.Pooling.Window.Name.Asthma.Exacerbation>
Asthma Exacerbation
</Valuation.Pooling.Window.Name.Asthma.Exacerbation>
<Incidence.Pooling.And.Aggregation.>
<Health.impact.function>
Health impact function dataset:EPA Standard Health Functions
Endpoint group:Hospital Admissions, Respiratory
Endpoint:HA, All Respiratory
Pollutant:Ozone
Metric:D8HourMax
Metric statistic:None
Author:Katsouyanni et al.
Qualifier:Summer, 1985-1994, penalized splines, 8 df
Function:(1-(1/EXP(Beta*DELTAQ)))*Incidence*POP
Year:2009
Geographic area:Everywhere
Other pollutants:
Reference:Katsouyanni, K., Samet, J. M., Anderson, H. R., Atkinson, R., Tertre, A. L., Medina, S., et al. 
(2009). Air Pollution and Health: A European and North American Approach (APHENA): Health Effects 
Institute.
Start age:65
End age:99
Baseline functional form:Incidence*POP
Incidence dataset:Other Incidence (2014)
Beta:0.000636757
Beta distribution:Normal
P1Beta:0.000400294
P2Beta:0
A:0
NameA:
B:0
NameB:
C:0
NameC:
Percentile:0
Weight:0
</Health.impact.function>
</Incidence.Pooling.And.Aggregation.>
<Valuation.Pooling.Window.Name.Hospital.Admissions.Respiratory>
Hospital Admissions, Respiratory
</Valuation.Pooling.Window.Name.Hospital.Admissions.Respiratory>
<Incidence.Pooling.And.Aggregation.>
<Emergency.Room.Visits.RespiratoryPooling.Method.TypeNone>
<Health.impact.function>
Health impact function dataset:EPA Standard Health Functions
Endpoint group:Emergency Room Visits, Respiratory
Endpoint:Emergency Room Visits, Asthma
Pollutant:Ozone
Metric:D8HourMax
Metric statistic:None
Author:Mar and Koenig
Year:2009
Location:Seattle,WA
Other pollutants:
Geographic area:Everywhere
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Reference:Mar, T. F., & Koenig, J. Q. (2009). Relationship between visits to emergency departments for 
asthma and ozone exposure in greater Seattle, Washington. Annals of Allergy, Asthma, & Immunology, 103, 
474-479. 
Start age:0
End age:17
Baseline functional form:
Incidence dataset:Other Incidence (2014)
Beta:0.010436002
Beta distribution:Normal
P1Beta:0.004357595
P2Beta:0
A:0
NameA:
B:0
NameB:
C:0
NameC:
Percentile:0
Weight:0
</Health.impact.function>
<Health.impact.function>
Health impact function dataset:EPA Standard Health Functions
Endpoint group:Emergency Room Visits, Respiratory
Endpoint:Emergency Room Visits, Asthma
Pollutant:Ozone
Metric:D8HourMax
Metric statistic:None
Author:Mar and Koenig
Year:2009
Location:Seattle,WA
Other pollutants:
Geographic area:Everywhere
Reference:Mar, T. F., & Koenig, J. Q. (2009). Relationship between visits to emergency departments for 
asthma and ozone exposure in greater Seattle, Washington. Annals of Allergy, Asthma, & Immunology, 103, 
474-479. 
Start age:18
End age:99
Baseline functional form:
Incidence dataset:Other Incidence (2014)
Beta:0.007696104
Beta distribution:Normal
P1Beta:0.002837389
P2Beta:0
A:0
NameA:
B:0
NameB:
C:0
NameC:
Percentile:0
Weight:0
</Health.impact.function>
</Emergency.Room.Visits.RespiratoryPooling.Method.TypeNone>
<Health.impact.function>
Health impact function dataset:EPA Standard Health Functions
Endpoint group:Emergency Room Visits, Respiratory
Endpoint:Emergency Room Visits, Asthma
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Pollutant:Ozone
Metric:D8HourMax
Metric statistic:None
Author:Mar and Koenig
Qualifier:Child model, 8 hour maximum metric, 3 day lag, May-September
Function:(1-EXP(-Beta*DELTAQ))*Incidence*POP
Year:2009
Geographic area:Everywhere
Other pollutants:
Reference:Mar, T. F., & Koenig, J. Q. (2009). Relationship between visits to emergency departments for 
asthma and ozone exposure in greater Seattle, Washington. Annals of Allergy, Asthma, & Immunology, 103, 
474-479. 
Start age:
End age:17
Baseline functional form:Incidence*POP
Incidence dataset:Other Incidence (2014)
Beta:0.010436002
Beta distribution:Normal
P1Beta:0.004357595
P2Beta:0
A:0
NameA:
B:0
NameB:
C:0
NameC:
Percentile:0
Weight:0
</Health.impact.function>
<Health.impact.function>
Health impact function dataset:EPA Standard Health Functions
Endpoint group:Emergency Room Visits, Respiratory
Endpoint:Emergency Room Visits, Asthma
Pollutant:Ozone
Metric:D8HourMax
Metric statistic:None
Author:Mar and Koenig
Qualifier:Adult model, 8 hour maximum metric, 4 day lag, May-September
Function:(1-EXP(-Beta*DELTAQ))*Incidence*POP
Year:2009
Geographic area:Everywhere
Other pollutants:
Reference:Mar, T. F., & Koenig, J. Q. (2009). Relationship between visits to emergency departments for 
asthma and ozone exposure in greater Seattle, Washington. Annals of Allergy, Asthma, & Immunology, 103, 
474-479. 
Start age:18
End age:99
Baseline functional form:Incidence*POP
Incidence dataset:Other Incidence (2014)
Beta:0.007696104
Beta distribution:Normal
P1Beta:0.002837389
P2Beta:0
A:0
NameA:
B:0
NameB:
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C:0
NameC:
Percentile:0
Weight:0
</Health.impact.function>
</Incidence.Pooling.And.Aggregation.>
<Valuation.Pooling.Window.Name.Emergency.Room.Visits.Respiratory>
Emergency Room Visits, Respiratory
Mar:Pooling Method Type:None
Mar:Pooling Method Type:None
</Valuation.Pooling.Window.Name.Emergency.Room.Visits.Respiratory>
<Incidence.Pooling.And.Aggregation.>
<Health.impact.function>
Health impact function dataset:EPA Standard Health Functions
Endpoint group:Acute Respiratory Symptoms
Endpoint:Minor Restricted Activity Days
Pollutant:Ozone
Metric:D8HourMax
Metric statistic:None
Author:Ostro and Rothschild
Qualifier:8-hour max from 1-hour max.
Function:(1-(1/EXP(Beta*DELTAQ)))*A*POP
Year:1989
Geographic area:Everywhere
Other pollutants:PM2.5
Reference:Ostro, B.D. and S. Rothschild. Air Pollution and Acute Respiratory Morbidity - an Observational 
Study of Multiple Pollutants. Environ Res, 1989. 50(2): p. 238-247.
Start age:18
End age:64
Baseline functional form:A*POP
Incidence dataset:
Beta:0.002596
Beta distribution:Normal
P1Beta:0.00077644
P2Beta:0
A:0.02137
NameA:mRAD18to64; Ostro and Rothschild, 1989, p 243.
B:0
NameB:
C:0
NameC:
Percentile:0
Weight:0
</Health.impact.function>
</Incidence.Pooling.And.Aggregation.>
<Valuation.Pooling.Window.Name.Acute.Respiratory.Symptoms>
Acute Respiratory Symptoms
</Valuation.Pooling.Window.Name.Acute.Respiratory.Symptoms>
Processing complete. Valuation processing time: 0 hours 0 minutes 0 seconds.
</Aggregate, Pool & Value>
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BenMAP-CE 1.5.0
<Aggregate, Pool & Value>
Create Datetime:2021-04-19 09:06:49
IsRunInPointMode:False
Latin Hypercube Points:20
Population Dataset:PopFriantUpdated-Friant
Year:2020
Threshold:0
Incidence averaging:All
<Baseline.And.Control.Group0>
<Pollutant>
Name:PM2.5
Observation Type:Daily
Season0:January 1-March 31
Season1:April 1-June 30
Season2:July 1-September 30
Season3:October 1-December 31
Metric0:D24HourMean
Seasonal Metric0:QuarterlyMean
</Pollutant>
<Baseline.Air.Quality.Surfaces>
Create Datetime:2021-04-19 08:43:47
Pollutant:PM2.5
Model Database File:C:\Users\Frank\Documents\My BenMAP-CE 
Files\Friant\Data\pm25.2020.proj.benmap.csv
<Grid.Definition>
Name:Friant
ID:33
Columns:87
Rows:103
Grid Type:Shapefile
Shapefile Name:CEQA_FRanch_lc_87_103_4000_4000_-108_-256_WGS1984
</Grid.Definition>
<Pollutant>
Name:PM2.5
Observation Type:Daily
Season0:January 1-March 31
Season1:April 1-June 30
Season2:July 1-September 30
Season3:October 1-December 31
Metric0:D24HourMean
Seasonal Metric0:QuarterlyMean
</Pollutant>
</Baseline.Air.Quality.Surfaces>
<Control.Air.Quality.Surfaces>
Create Datetime:2021-04-19 08:43:19
Pollutant:PM2.5
Model Database File:C:\Users\Frank\Documents\My BenMAP-CE 
Files\Friant\Data\pm25.2020.base.benmap.csv
<Grid.Definition>
Name:Friant
ID:33
Columns:87
Rows:103
Grid Type:Shapefile
Shapefile Name:CEQA_FRanch_lc_87_103_4000_4000_-108_-256_WGS1984
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</Grid.Definition>
<Pollutant>
Name:PM2.5
Observation Type:Daily
Season0:January 1-March 31
Season1:April 1-June 30
Season2:July 1-September 30
Season3:October 1-December 31
Metric0:D24HourMean
Seasonal Metric0:QuarterlyMean
</Pollutant>
</Control.Air.Quality.Surfaces>
</Baseline.And.Control.Group0>
<Selected.health.impact.functions>
<Health.impact.function.0>
Health impact function dataset:EPA Standard Health Functions
Endpoint group:Mortality
Endpoint:Mortality, All Cause
Start age:30
End age:99
Race:
Ethnicity:
Gender:
Pollutant:PM2.5
Metric:D24HourMean
Metric statistic:Mean
Seasonal metric:QuarterlyMean
Author:Krewski et al.
Qualifier:Random effects cox; 44 individual and 7 ecologic co-variates; 1999--2000 follow-up (Commentary 
table 4)
Function:(1-(1/EXP(Beta*DELTAQ)))*Incidence*POP
Year:2009
Geographic area:Everywhere
Other pollutants:TSP, O3, SO4, SO2
Reference:Krewski D, Jerrett M, Burnett R, et al. 2009. Extended Follow-Up and Spatial analysis of the 
American Cancer Society Linking Particulate Air Pollution and Mortality. Health Effects Institute, Cambridge 
MA
Baseline functional form:Incidence*POP
Incidence dataset:Mortality Incidence (2000)
Prevalence dataset:
Variable dataset:
Beta:0.005826891
Beta distribution:Normal
P1Beta:0.000962763
P2Beta:0
A:0
NameA:
B:0
NameB:
C:0
NameC:
Percentile:0
</Health.impact.function.0>
<Health.impact.function.1>
Health impact function dataset:EPA Standard Health Functions
Endpoint group:Acute Myocardial Infarction
Endpoint:Acute Myocardial Infarction, Nonfatal
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Start age:18
End age:24
Race:
Ethnicity:
Gender:
Pollutant:PM2.5
Metric:D24HourMean
Metric statistic:None
Author:Zanobetti et al
Qualifier:All Seasons
Function:(1-(1/EXP(Beta*DELTAQ)))*Incidence*POP*A
Year:2009
Geographic area:Everywhere
Other pollutants:
Reference:Zanobetti, A., M. Franklin and J. Schwartz. 2009. Fine particulate air pollution and its components 
in association with cause-specific emergency admissions. Environmental Health Vol. 8: 58-60.
Baseline functional form:Incidence*POP*A
Incidence dataset:Other Incidence (2014)
Prevalence dataset:
Variable dataset:
Beta:0.00225
Beta distribution:Normal
P1Beta:0.000591837
P2Beta:0
A:0.98148
NameA:% of hospMI surviving 28 days
B:0
NameB:
C:0
NameC:
Percentile:0
</Health.impact.function.1>
<Health.impact.function.2>
Health impact function dataset:EPA Standard Health Functions
Endpoint group:Acute Myocardial Infarction
Endpoint:Acute Myocardial Infarction, Nonfatal
Start age:45
End age:54
Race:
Ethnicity:
Gender:
Pollutant:PM2.5
Metric:D24HourMean
Metric statistic:None
Author:Zanobetti et al
Qualifier:All Seasons
Function:(1-(1/EXP(Beta*DELTAQ)))*Incidence*POP*A
Year:2009
Geographic area:Everywhere
Other pollutants:
Reference:Zanobetti, A., M. Franklin and J. Schwartz. 2009. Fine particulate air pollution and its components 
in association with cause-specific emergency admissions. Environmental Health Vol. 8: 58-60.
Baseline functional form:Incidence*POP*A
Incidence dataset:Other Incidence (2014)
Prevalence dataset:
Variable dataset:
Beta:0.00225
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Beta distribution:Normal
P1Beta:0.000591837
P2Beta:0
A:0.971812
NameA:% of hospMI surviving 28 days
B:0
NameB:
C:0
NameC:
Percentile:0
</Health.impact.function.2>
<Health.impact.function.3>
Health impact function dataset:EPA Standard Health Functions
Endpoint group:Acute Myocardial Infarction
Endpoint:Acute Myocardial Infarction, Nonfatal
Start age:55
End age:64
Race:
Ethnicity:
Gender:
Pollutant:PM2.5
Metric:D24HourMean
Metric statistic:None
Author:Zanobetti et al
Qualifier:All Seasons
Function:(1-(1/EXP(Beta*DELTAQ)))*Incidence*POP*A
Year:2009
Geographic area:Everywhere
Other pollutants:
Reference:Zanobetti, A., M. Franklin and J. Schwartz. 2009. Fine particulate air pollution and its components 
in association with cause-specific emergency admissions. Environmental Health Vol. 8: 58-60.
Baseline functional form:Incidence*POP*A
Incidence dataset:Other Incidence (2014)
Prevalence dataset:
Variable dataset:
Beta:0.00225
Beta distribution:Normal
P1Beta:0.000591837
P2Beta:0
A:0.971812
NameA:% of hospMI surviving 28 days
B:0
NameB:
C:0
NameC:
Percentile:0
</Health.impact.function.3>
<Health.impact.function.4>
Health impact function dataset:EPA Standard Health Functions
Endpoint group:Acute Myocardial Infarction
Endpoint:Acute Myocardial Infarction, Nonfatal
Start age:25
End age:44
Race:
Ethnicity:
Gender:
Pollutant:PM2.5
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Metric:D24HourMean
Metric statistic:None
Author:Zanobetti et al
Qualifier:All Seasons
Function:(1-(1/EXP(Beta*DELTAQ)))*Incidence*POP*A
Year:2009
Geographic area:Everywhere
Other pollutants:
Reference:Zanobetti, A., M. Franklin and J. Schwartz. 2009. Fine particulate air pollution and its components 
in association with cause-specific emergency admissions. Environmental Health Vol. 8: 58-60.
Baseline functional form:Incidence*POP*A
Incidence dataset:Other Incidence (2014)
Prevalence dataset:
Variable dataset:
Beta:0.00225
Beta distribution:Normal
P1Beta:0.000591837
P2Beta:0
A:0.98148
NameA:% of hospMI surviving 28 days
B:0
NameB:
C:0
NameC:
Percentile:0
</Health.impact.function.4>
<Health.impact.function.5>
Health impact function dataset:EPA Standard Health Functions
Endpoint group:Hospital Admissions, Cardiovascular
Endpoint:HA, All Cardiovascular (less Myocardial Infarctions)
Start age:65
End age:99
Race:
Ethnicity:
Gender:
Pollutant:PM2.5
Metric:D24HourMean
Metric statistic:None
Author:Bell
Qualifier:National; Yearly
Function:(1-EXP(-Beta*DELTAQ))*Incidence*POP
Year:2012
Geographic area:Everywhere
Other pollutants:
Reference:Bell, M.L. 2012. Assessment of the Health Impacts of Particulate Matter Characteristics. Research 
Report 161. Health Effects Institute. Research Report 161: 1-59.
Baseline functional form:Incidence*POP
Incidence dataset:Other Incidence (2014)
Prevalence dataset:
Variable dataset:
Beta:0.0008
Beta distribution:Normal
P1Beta:0.000107143
P2Beta:0
A:0
NameA:
B:0







































































































































































































































































https://ww3.arb.ca.gov/diesel/documents/finalreg2011.pdf














http://www.baaqmd.gov/%7E/media/files/planning-and-research/ceqa/ceqa_guidelines_may2017-pdf.pdf?la=en
http://www.baaqmd.gov/%7E/media/files/planning-and-research/ceqa/ceqa_guidelines_may2017-pdf.pdf?la=en
http://www.arb.ca.gov/ch/handbook.pdf
https://dot.ca.gov/programs/traffic-operations/census
http://www.capcoa.org/wp-content/uploads/2012/03/CAPCOA_HRA_LU_Guidelines_8-6-09.pdf
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