2015 EIGHT-HOUR OZONE STANDARD PLANNING ASSUMPTIONS & MODELING INPUTS

General Methods and Assumptions
1) Modeling Methodology:  Use the MOVES model in inventory mode to determine the total NOx and VOC emissions in the 7-county maintenance area.
2) Analysis Years: 2018, 2033, 2050

Travel Demand Modeling Assumptions
1) Calibration Year: 2015
a. Model calibrated/validated to the year 2015 using updated data and a comparison between estimated volumes and observed counts. See Appendix A for validation/calibration information.  
2) Social/Economic Data: See Appendix B. 
3) ARC’s Activity-Based Travel Demand Model (ABM) is the basis for these runs. See Appendix C for an overview of ABM specifications.  

Emissions Modeling Assumptions
1) Emissions Model: MOVES3 – Database: movesdb20201105
a. Emissions Process – use MOVES in inventory mode for a July weekday
i. For the years 2018, 2033, and 2050 modeled travel data is used to calculate emissions
b. Run separately for the 6-county and 1-county portions of the nonattainment area[footnoteRef:1] [1:  For the 2015 eight-hour ozone NAAQS there are two sets of MOVES input files, one for the 6 counties that make up the former one-hour ozone nonattainment area in which a specific set of emission control measures is in place, and one for the 1 remaining ring county in the 2015 8-hour ozone maintenance area.] 

i. 6-county area activity, vehicle population and other inputs are assigned to Fulton County while running MOVES
ii. 1-county area activity, vehicle population and other inputs are assigned to Bartow County while running MOVES

2) MOVES Inputs
a. Road Type Distribution – Processed from the travel demand model, GDOT HPMS counts and MOVES defaults.  Summarizes VMT fraction by road type and source type for the 6 and 1 counties separately.
b. Source Type Population
i. Started with 2020 R.L. Polk & Co. registration data for the Atlanta nonattainment counties
ii. Future analysis year data is grown from 2020 based on the ratio of MPO population estimates
iii. Since the population of vehicle type 62 (combination long-haul trucks) can easily be underrepresented in areas with lots of through traffic, the vehicle population for MOVES source type 62 was revised using MOVES default VMT/VPOP ratios and VMT for HPMS type 60 data
c. Vehicle Type VMT
i. HPMS VTypeYear - Processed from the travel demand model, GDOT HPMS Counts, and an EPA daily to annual VMT converter.  Assigns total annual VMT by HPMS vehicle type.  
ii. Month VMT Fraction: MOVES defaults
iii. Day VMT Fraction: MOVES defaults
iv. Hour VMT Fraction:  Derived from the travel demand model by source and road type.  The fractions are determined separately for the 6 and 1 county areas.
d. I/M Programs – Applied to the 6-county area only (See Appendix D)
e. Age Distribution – Age data was derived from 2020 R.L. Polk & Co. registration data for the 6 and 1 counties separately for all vehicle types, except HDV8b (Source type 62) where MOVES defaults were used
f. Average Speed Distribution – Processed from the travel demand model with HPMS VMT adjustment factors applied.  Calculates VHT by hour by speed bin by source.  The distribution is determined separately for the 6 and 1 county areas.
g. Fuel – Local fuel use varies between the 6- and 1-county areas in 2018 but matches starting in 2020 (including 2033 and 2050) due to the relaxation of the RVP summer fuel requirement in the 6-county area.
i. [bookmark: _Hlk65845155]Tier 3 low sulfur fuel transition assumption:
1. 2018: Still at pre-Tier 3 sulfur levels in the Southeast (29.3ppm) for all counties
2. 2033 and 2050: Tier 3 sulfur levels (10ppm) for all counties
ii. Summer fuel blend with RVP (2018)
1. 6 counties:
a. Standard Federal RVP summer requirements (June 1-Sept 15) for “designated volatility nonattainment areas” (40 CFR 80.27(a)(2)(i))
b. MOVES defaults
2. 1 counties:
a. Standard Federal RVP summer requirements (June 1-Sept 15) for “designated volatility attainment areas” (40 CFR 80.27(a)(2)(i))
b. MOVES defaults
iii. Summer fuel blend with RVP (2033 and 2050)
1. [bookmark: _Hlk65845946]6 counties: 
a. Standard Federal RVP summer requirements (June 1-Sept 15) for “designated volatility attainment areas” (40 CFR 80.27(a)(2)(i))
b. MOVES defaults
2. 1 counties:
a. [bookmark: _Hlk65846018]Standard Federal RVP summer requirements (June 1-Sept 15) for “designated volatility attainment areas” (40 CFR 80.27(a)(2)(i))
b. MOVES defaults
iv. Ethanol – The current assumption is a constant and low percentage of ethanol fuel
1. 2% in 2018, 2033, and 2050 
2. The rest of the gasoline blends assume E15 remains negligible and no credit is taken for them:
a. 0% in 2018, 2033, and 2050
3. Remainder is E10
v. Volatility waiver for E10 allows 1.0 psi RVP increase
h. Meteorology – July 2018 weather for Hartsfield-Jackson Atlanta International Airport was used for this analysis consistent with the 2015 Eight Hour Ozone Maintenance SIP
i. Ramp Fraction – No longer an input. Internal to model using its defaults.  
j. Starts – The regional travel demand model determines the number of trip starts in each of the 6 and 1 county areas. Applies only to the trips per day input. Defaults used for the rest of the start inputs.
k. Hotelling – MOVES defaults
l. Regular Idling – MOVES defaults

3) VMT HPMS Adjustment Factors
a. Calculated for the year 2019 (See Appendix E)
b. HPMS adjustment in base year of calibration in accordance with Section 93.122(b)(3) of the Transportation Conformity Rule which recommends that HPMS adjustment factors be developed to reconcile travel model estimates of VMT in base year of validation to HPMS estimates for the same period
c. Summer (seasonal) adjustment to convert from average annual VMT to summer-season VMT[footnoteRef:2] [2:  Procedures for Emission Inventory Preparation, Volume IV: Mobile Sources, Section 3.4.2.6, EPA420-R-92-009, USEPA Office of Air and Radiation, Office of Mobile Sources, 1992.] 

d. Factors applied to VMT estimates generated by ARC travel demand model for 6-county portion and 1-county portion of 21-county modeling domain, separately
e. Factors aggregated up to MOVES road types from base HPMS functional classifications

4) Off-Model Calculations
a. Senior I/M Exemption (emissions debit)
i. The Senior I/M Exemption calculated for year 2002 is conservatively high and will be added to the regional emission inventories for each analysis year

5) TCMs
a. No additional credit is taken in the emissions modeling process for SIP TCMs



APPENDIX A – Model Validation
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APPENDIX B – Socioeconomic Data for the Travel Model

Forecasting and Land Use Allocation Modeling
ARC uses a two-step modeling process to develop regional control totals and small area forecasts used as inputs into our Activity Based Travel Demand Model. These models include an econometric model (REMI) that uses a national forecast that is shared out to each county in the nation. We then use an “agent” model (PECAS) that simulates future location of activities and the development of space by developers. More information about these two models are below.

Prior to beginning the technical, modeling work, however, ARC starts with a Technical Advisory Committee (TAC) that reviews the assumptions and calibrations that are inherent in our econometric model. The TAC consisted of leading local economists who advised us on different scenarios we could test through the REMI model that offered more realistic assumptions and reasonable outcomes of the local economy. Based on this feedback, we modified the standard REMI model output to include different projections of labor force participation rates, and we also adjusted the early years of the model to reflect ARC’s population estimates rather than REMI-generated estimates based on forecasts. This resulted in several different scenarios that created a lower bound forecast range, and mid-range and, finally an upper bound forecast range. After four meetings and several runs of the model, the TAC chose the mid-range scenario as the region’s control total, which is a population of 8.6 million in the 21-county area by the year 2050.

Here are other initial findings from our Series 16 forecasts:

We are forecasting the region to add approximately 2.9 million new residents and close to 1.2 million more jobs between 2015 and 2050. See Figure 1 below.

Figure 1. Forecast Population and Employment Change, 2015-2050


As with previous forecast series, our current Series 16 draft is forecasting a significant reduction in the overall share of White population between 2015 and 2050. See figure 2 below.

Figure 2. Share of Population by Race/Ethnicity



Again, in line with previous forecasts, our current Series 16 draft is also forecasting a tremendous increase in the share of 75+ population between 2015-2015.  But please note – these are SHARE changes, not total population changes. So even though we are showing a reduction in the SHARE of those age 0-22, the actual population of that age cohort increases. See figure 3 below.

Figure 3. Age Structure




Finally, and again consistent with previous forecasting series, our current Series 16 draft is forecasting that the “Health Care and Social Assistance” sector will see the most jobs between 2015 and 2050. See Figure 4 below.

Figure 4. 60 Years of Employment Change: 1990-2050


REMI
The REMI model (Regional Economic Models, Inc.) is a very widely used regional economic policy analysis model. The model is used by government agencies on the national, state, and local level, as well as by private consulting firms, utilities, and universities. REMI is a structural economic forecasting and policy analysis model. It integrates input output, computable general equilibrium, econometric, and economic geography methodologies. The model is dynamic, with forecasts and simulations generated on an annual basis and behavioral responses to wage, price, and other economic factors.

PECAS for Small Area Forecasting (Land Use Allocation)
ARC reviewed state-of-the art land use models, to allocate the forecast population and employment totals to small areas, between 2007 and 2008 and selected PECAS (Production Exchange Consumption Allocation System). PECAS’ main purpose is to simulate the future location of activities (industries, households and government), and the development of space by developers, for both forecasting and policy analysis. It has been used in the conformity process for the first time in 2015.

The ARC PECAS model includes the two standard PECAS modules: The Activity Allocation module (AA) and the Space Development module (SD). AA follows an aggregate approach and represents how and why industries, government and households choose to locate in different zones or locations in the region. SD follows a microsimulation approach and simulates development at the parcel level, considering developers’ profit-motivated behavior as well as land and market characteristics. These two modules interact with each other, and both also interact with the Atlanta transport model by providing it with land use data. The travel demand model, in turn, provides an indication of travel conditions for use in AA.



APPENDIX C – Model Inputs
In 2016, ARC switched from its 4-step trip-based aggregate regional travel demand model to its newly developed, and recently calibrated disaggregate activity-based model (ABM).  The ABM now serves as the major travel forecasting tool in the ARC region.  This model has been developed to ensure that the regional transportation planning process can rely on forecasting tools that will be adequate for new socioeconomic environments and emerging planning challenges.  It is equally suitable for conventional highway projects, transit projects, and various policy studies such as highway pricing and HOV / HOT analysis.  The ARC ABM is based on the CT-RAMP (Coordinated Travel Regional Activity-Based Modeling Platform) family of Activity-Based Models.  This model system is an advanced, but operational, AB model that fits the needs and planning processes of ARC.
The ABM has been tailored specifically to meet ARC planning needs, considering current and future projects and policies and considering the special market segments that exist in the Atlanta region.  The model system addresses requirements of the metropolitan planning process, relevant federal requirements, and provides support to ARC member agencies and other stakeholders.
1) Calibration Year: 2015
2) Project Listing:  Project listings will be provided in electronic format to Interagency Consultation Group for review and include:
a. Regionally Significant and Federally Funded
b. Regionally Significant and Non-Federally Funded
3) Demographic Data:  To be provided as separate attachment
4) Speed Data: Free-flow Speed by Area Type and Facility Type[footnoteRef:3]  [3:  Within the ARC travel demand and emission modeling process, free flow speeds are adjusted to reflect the increase in delay and travel time on a roadway segment as traffic volumes build and congestion levels increase.  Link-level congested flow speeds are used to estimate NOx and VOC emissions as required by Sections 93.122(b)(i)-(iv) and 93.122(b)(2) of the Transportation Conformity Rule.] 

 
	FACTYPE
	ABM Area Type

	
	CBD
	Urban Commercial
	Urban Residential
	Suburban Commercial
	Suburban Residential
	Exurban
	Rural
	Facility Type

	1
	62
	63
	63
	63
	64
	65
	66
	interstate/freeway

	2
	43
	46
	49
	52
	55
	58
	61
	Expressway

	3
	43
	46
	49
	52
	55
	58
	61
	Parkway

	4
	64
	65
	65
	65
	66
	67
	68
	freeway HOV (concurrent)

	5
	64
	65
	65
	65
	66
	67
	68
	freeway HOV (barrier)

	6
	62
	63
	63
	63
	64
	65
	66
	freeway truck only

	7
	50
	50
	50
	55
	55
	55
	55
	system to system ramp

	8
	35
	35
	35
	35
	35
	35
	35
	exit ramp

	9
	35
	35
	35
	35
	35
	35
	35
	entrance ramp

	10
	23
	26
	31
	35
	41
	48
	53
	principal arterial

	11
	21
	26
	29
	33
	38
	43
	48
	minor arterial

	12
	21
	26
	29
	33
	38
	43
	48
	arterial HOV

	13
	21
	26
	29
	33
	38
	43
	48
	arterial truck only

	14
	17
	23
	24
	26
	30
	35
	45
	collector



5) Transit Modeling
a. Model calibrated/validated to 2015 transit ridership empirical observations provided by transit operators
b. Reflects results from the 2009-2010 Transit On-Board Survey, re-expanded to 2015
c. Routes updated to reflect current operating plans
d. Transit mode split is estimated using the mode choice model 
i. Estimates individual modal trips from the person trip movements 
ii. Composed of 15 modes, including auto by occupancy and toll/non-toll choice, walk and bike non-motorized modes, and walk and drive access to different transit line-haul modes:
1. Auto SOV Drive Alone (Free)
2. Auto SOV Drive Alone (Pay) 
3. Auto 2-Person Carpool (Free)
4. Auto 2-Person Carpool (Pay)
5. Auto 3+ Person Carpool (Free)
6. Auto 3+ Person Carpool (Pay)
7. Walk
8. Bike
9. Walk-All-Transit
10. Walk-Premium Transit-Only
11. PNR-All-Transit (PNR = Park and Ride)
12. PNR-Premium Transit-Only
13. KNR-All-Transit (KNR = Kiss and Ride)
14. KNR-Premium Transit-Only
15. School Bus
iii. The mode choice model is organized in terms of seven characteristics: 
1. Mathematical structure; 
2. Trip purposes and choice sets;
3. Limitations on choice sets;
4. Analysis of transit access;
5. Treatment of HOV lanes;
6. Stratification by income groups; and
7. Analysis of alternative transit paths. 
e. Transit Fare Modeling
i. Transit fares are based on information provided by the local transit operators throughout the Atlanta region
ii. The base year for the travel demand model is year 2015; therefore, any costs of traveling incurred within the model are representative of year 2015 dollars
iii. A CPI adjustment was applied to all the operator fares and is carried forward for all model years from 2015 and beyond
iv. The current ARC transit coding approach enables fares to be coded by mode and operator (cases where an operator has a different fare for different modes).  
v. The transit fare structure includes additional fares incurred from transferring from one operator to another
vi. The fare structure results in a fare matrix which includes the total fare of the trip on a zone-to-zone level

f. 2009-2010 Transit On-Board Survey Data
i. Update of regional transit travel targets based on the re-expansion of the on-board survey data to 2015
1. Modifications to express bus and BRT transfer constants
2. Modifications to travel demand model estimates of zero-car transit work trips
3. Modifications to travel demand model estimates of kiss-and-ride passenger access and use of transit system
4. Overall evaluation of all modal constants
5. Refinement to park-and-ride lot assumptions
6. Updated walk connector and percent walk procedures
ii. Modified transit skimming procedures
iii. Re-calibrated air passenger model
iv. Assessment of travel demand model understanding of market segments and travel patterns relative to the on-board survey records 
v. 

Appendix D – I/M Program 

· Exhaust and Evaporative (OBD and gas cap pressure test) for 1996 and newer vehicles
· Annual inspection required
· Computerized test and repair OBD – Exhaust
· Computerized test and repair OBD & GC - Evaporative
· Applies to all LDG vehicle types
· Three-year grace period
· 3% waiver rate for all vehicles – Exhaust test
· 0% waiver rate for all vehicles – Evaporative test
· 97% compliance rate

· Exhaust and Evaporative test for 1975 – 1995 vehicles
· Annual inspection required
· Computerized test and repair ASM 2525/5015 Phase-in – Exhaust
· Computerized test and repair GC – Evaporative
· Applies to all LDG vehicle types
· 3% waiver rate for all vehicles – Exhaust
· 0% waiver rate for all vehicles – Evaporative
· 97% compliance rate
· 25 year and older model years are exempt


Appendix E – VMT Adjustment Factors

Ozone VMT Adjustment Factors

	Functional Class Name
	Functional Classification
	Factor for 13 County Area
	Factor for 7 County Area

	Rural Interstate
	1
	1.02
	0.87

	Rural Principal Arterial
	2
	0.94
	0.93

	Rural Minor Arterial
	6
	0.94
	0.93

	Rural Major Collector
	7
	1.14
	0.80

	Rural Minor Collector
	8
	1.14
	0.80

	Rural Local Collector
	9
	2.20
	2.41

	Urban Interstate
	11
	1.02
	0.87

	Urban Principal Arterial
	12
	1.02
	0.87

	Urban Minor Arterial
	14
	0.94
	0.93

	Urban Major Collector
	16
	0.94
	0.93

	Urban Minor Collector
	17
	1.14
	0.80

	Urban Local Collector
	19
	2.20
	2.41



Forecast Population and Employment, 2015-2050

Total Pop	
2015	2016	2017	2018	2019	2020	2021	2022	2023	2024	2025	2026	2027	2028	2029	2030	2031	2032	2033	2034	2035	2036	2037	2038	2039	2040	2041	2042	2043	2044	2045	2046	2047	2048	2049	2050	5721011	5701712	5812315	5894411	6063786	6268127	6336900	6434724	6544480	6654326	6858931	6926078	6994279	7064822	7137568	7209888	7282120	7354480	7427122	7500091	7573556	7647156	7720962	7794562	7867862	7941149	8013852	8086329	8158158	8229459	8306978	8374975	8441483	8506263	8570059	8632705	Total Employment	
2015	2016	2017	2018	2019	2020	2021	2022	2023	2024	2025	2026	2027	2028	2029	2030	2031	2032	2033	2034	2035	2036	2037	2038	2039	2040	2041	2042	2043	2044	2045	2046	2047	2048	2049	2050	3562350	3615713	3684088	3739067	3809535	3841718	3852374	3855130	3871311	3888873	3925549	3946195	3964244	3988598	4014968	4042662	4073241	4102003	4129161	4157725	4187406	4217329	4252124	4286827	4320973	4355987	4387397	4423436	4459088	4495373	4532825	4573710	4615063	4652199	4697603	4740468	



Shares of Population by Race/Ethnicity

2015	% Black	% Hispanic	% Other	% White	0.32810075002477707	0.11622665993825217	8.0219038208456508E-2	0.47545372662279445	2050	% Black	% Hispanic	% Other	% White	0.33553488632864781	0.21145658585836588	0.14233054015351407	0.31067798765947224	



Age Structure – 2015 and 2050

2015	% Ages 0-22	% Ages 23-38 	% Ages 39-54 	% Ages 55 - 74 	% 75+	0.31857935599144976	0.22465906812624553	0.23250558336629662	0.18369567896303643	4.0560313552971669E-2	2050	% Ages 0-22	% Ages 23-38 	% Ages 39-54 	% Ages 55 - 74 	% 75+	0.25684624058260375	0.19387887489119851	0.21083140442601117	0.21671786350819339	0.12172561659199319	



60 Years of Employment Change – 1990-2050
Sorted by Forecast Employment Change from 2015-2050

1990	Health Care and Social Assistance	Professional, Scientific, and Technical	Construction	Admin and Waste Management	Retail Trade	Finance and Insurance	Wholesale Trade	Accommodation and Food Services	Information	Other Services, except Public Admin	Real Estate and Rental and Leasing	Transportation and Warehousing	Management of Companies	Educational services; private	Arts, Entertainment, and Recreation	Mining	Forestry, Fishing, and Related	Utilities	Manufacturing	105894	122144	119553	105167	219708	99492	131215	121393	74112	100118	69508	94075	44377	26244	30457	2919	2205	13209	196852	Change, 1990-2015	Health Care and Social Assistance	Professional, Scientific, and Technical	Construction	Admin and Waste Management	Retail Trade	Finance and Insurance	Wholesale Trade	Accommodation and Food Services	Information	Other Services, except Public Admin	Real Estate and Rental and Leasing	Transportation and Warehousing	Management of Companies	Educational services; private	Arts, Entertainment, and Recreation	Mining	Forestry, Fishing, and Related	Utilities	Manufacturing	216756	183288	69224	222590	127131	85451	44010	140657	31884	121942	103835	77341	13788	63877	46411	1643	550	1087	-15478	Change, 2015-2050	Health Care and Social Assistance	Professional, Scientific, and Technical	Construction	Admin and Waste Management	Retail Trade	Finance and Insurance	Wholesale Trade	Accommodation and Food Services	Information	Other Services, except Public Admin	Real Estate and Rental and Leasing	Transportation and Warehousing	Management of Companies	Educational services; private	Arts, Entertainment, and Recreation	Mining	Forestry, Fishing, and Related	Utilities	Manufacturing	238156	167364	130541	123713	119790	82541	62828	48686	40389	30929	25891	23184	14428	14083	12163	1124	809	-8269	-18709	
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