Appendix A

Air Quality Emissions Calculations



TCAG 2022 RTP/SCS Air Quality Emission Calculations

Scenario ROG (tons/day)  NOy(tons/day)  PM,, (tons/day)' PM,; (tons/day)*

Total PM
(tons/day)

Fugitive PM,,
(tons/day)*

Fugitive PM,
(tons/day)*

Total Fugitive PM
(tons/day)*

CO (tons/day)

SOx (tons/day)

CO2e
(tons/day)

CO2e ( metric
tons/year)

2021 TCAG Baseline

On-Road Motor Vehicles 14,566,292 3.59 7.64 0.51 0.22 0.73 0.42 0.13 0.55 30.23 0.07
2035 No Project
On-Road Motor Vehicles 16,279,168 1.88 3.66 0.49 0.18 0.67 0.44 0.14 0.57 15.13 0.06
2046 No Project
0On-Road Motor Vehicles 17,128,558 1.45 3.34 0.51 0.19 0.70 0.47 0.14 0.61 13.14 0.06
2046 RTP/SCS (CVC Blueprint
Plus)
On-Road Motor Vehicles 16,892,980 1.43 3.29 0.50 0.18 0.69 0.46 0.14 0.60 12.96 0.06
Difference (2046 RTP/SCS -
Baseline) 2,326,688.00 -2.16 -4.35 -0.01 -0.04 -0.05 0.04 0.01 0.06 -17.27 -0.01
% 16% -60% -57% -2% -17% -6% 10% 9% 10% -57% -20%

Notes

Annual emissions - Total
1) Includes tire and break wear in the total PM
2) Includes only tire and break wear

el PM2.5 (tons/day) Diesel PM10 Diesel NOX Diesel SOX Diesel CO
(tons/day)1 (tons/dav) (tons/dav) (tons/day)
2021 TCAG Baseline
On-Road Motor Vehicles 0.07 0.07 4.83 0.02 1.09
2046 No Project
On-Road Motor Vehicles 0.03 0.03 2.64 0.02 0.92
2046 RTP/SCS
On-Road Motor Vehicles 0.03 0.03 2.60 0.02 0.91
51% 51% 46% 12% 17%
Notes

Diesel annual emissions -Total Exhaust (TOTEX)

7,378

6,018

5,935

-1,442.69
-20%

2,443,074

1,992,775

1,965,367

-477,706.79
-20%
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Field Name Pollutant Units Process
TOG_RUNEX Total Organic Gases Tons Per Day Running Exhaust
TOG_IDLEX Total Organic Gases Tons Per Day Idle Exhaust
TOG_STREX Total Organic Gases Tons Per Day Start Exhaust
TOG_TOTEX Total Organic Gases Tons Per Day Total Exhaust
TOG_DIURN Total Organic Gases Tons Per Day Diurnal
TOG_HTSK Total Organic Gases Tons Per Day Hot Soak
TOG_RUNLS Total Organic Gases Tons Per Day Running Loss
TOG_TOTAL Total Organic Gases Tons Per Day Total
ROG_RUNEX Reactive Organic Gases Tons Per Day Running Exhaust
ROG_IDLEX Reactive Organic Gases Tons Per Day Idle Exhaust
ROG_STREX Reactive Organic Gases Tons Per Day Start Exhaust
ROG_TOTEX Reactive Organic Gases Tons Per Day Total Exhaust
ROG_DIURN Reactive Organic Gases Tons Per Day Diurnal
ROG_HTSK Reactive Organic Gases Tons Per Day Hot Soak
ROG_RUNLS Reactive Organic Gases Tons Per Day Running Loss
ROG_TOTAL Reactive Organic Gases Tons Per Day Total
CO_RUNEX Carbon Monoxide Tons Per Day Running Exhaust
CO_IDLEX Carbon Monoxide Tons Per Day Idle Exhaust
CO_STREX Carbon Monoxide Tons Per Day Start Exhaust
CO_TOTEX Carbon Monoxide Tons Per Day Total
NOx_RUNEX Nitrogen Dioxide Tons Per Day Running Exhaust
NOx_IDLEX Nitrogen Dioxide Tons Per Day Idle Exhaust
NOx_STREX Nitrogen Dioxide Tons Per Day Start Exhaust
NOx_TOTEX Nitrogen Dioxide Tons Per Day Total
CO2_RUNEX Carbon Dioxide Tons Per Day Running Exhaust
CO2_IDLEX Carbon Dioxide Tons Per Day Idle Exhaust
CO2_STREX Carbon Dioxide Tons Per Day Start Exhaust
CO2_TOTEX Carbon Dioxide Tons Per Day Total
PM10_RUNEX Fine Particulate Matter (<10 microns) Tons Per Day Running Exhaust
PM10_IDLEX Fine Particulate Matter (<10 microns) Tons Per Day Idle Exhaust
PM10_STREX Fine Particulate Matter (<10 microns) Tons Per Day Start Exhaust
PM10_TOTEX Fine Particulate Matter (<10 microns) Tons Per Day Total Exhaust
PM10_PMTW Fine Particulate Matter (<10 microns) Tons Per Day Tire Wear
PM10_PMBW Fine Particulate Matter (<10 microns) Tons Per Day Brake Wear
PM10_TOTAL Fine Particulate Matter (<10 microns) Tons Per Day Total
PM2_5 RUNEX Fine Particulate Matter (<2.5 microns) Tons Per Day Running Exhaust
PM2_5_ IDLEX Fine Particulate Matter (<2.5 microns) Tons Per Day Idle Exhaust
PM2_5 STREX Fine Particulate Matter (<2.5 microns) Tons Per Day Start Exhaust
PM2_5 TOTEX Fine Particulate Matter (<2.5 microns) Tons Per Day Total Exhaust
PM2_5 PMTW Fine Particulate Matter (<2.5 microns) Tons Per Day Tire Wear
PM2_5_PMBW Fine Particulate Matter (<2.5 microns) Tons Per Day Brake Wear
PM2_5 TOTAL Fine Particulate Matter (<2.5 microns) Tons Per Day Total
SOx_RUNEX Sulfur Oxides Tons Per Day Running Exhaust
SOx_IDLEX Sulfur Oxides Tons Per Day Idle Exhaust
SOx_STREX Sulfur Oxides Tons Per Day Start Exhaust
SOx_TOTEX Sulfur Oxides Tons Per Day Total
Fuel GAS Fuel 1000 Gallons Gasoline
Fuel DSL Fuel 1000 Gallons Diesel
Fuel NG Fuel 1000 Gallons Natural Gas
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Field Name Pollutant Units Process
TOG_RUNEX Total Organic Gases Tons Per Day Running Exhaust
TOG_IDLEX Total Organic Gases Tons Per Day Idle Exhaust
TOG_STREX Total Organic Gases Tons Per Day Start Exhaust
TOG_TOTEX Total Organic Gases Tons Per Day Total Exhaust
TOG_DIURN Total Organic Gases Tons Per Day Diurnal
TOG_HTSK Total Organic Gases Tons Per Day Hot Soak
TOG_RUNLS Total Organic Gases Tons Per Day Running Loss
TOG_TOTAL Total Organic Gases Tons Per Day Total
ROG_RUNEX Reactive Organic Gases Tons Per Day Running Exhaust
ROG_IDLEX Reactive Organic Gases Tons Per Day Idle Exhaust
ROG_STREX Reactive Organic Gases Tons Per Day Start Exhaust
ROG_TOTEX Reactive Organic Gases Tons Per Day Total Exhaust
ROG_DIURN Reactive Organic Gases Tons Per Day Diurnal
ROG_HTSK Reactive Organic Gases Tons Per Day Hot Soak
ROG_RUNLS Reactive Organic Gases Tons Per Day Running Loss
ROG_TOTAL Reactive Organic Gases Tons Per Day Total
CO_RUNEX Carbon Monoxide Tons Per Day Running Exhaust
CO_IDLEX Carbon Monoxide Tons Per Day Idle Exhaust
CO_STREX Carbon Monoxide Tons Per Day Start Exhaust
CO_TOTEX Carbon Monoxide Tons Per Day Total
NOx_RUNEX Nitrogen Dioxide Tons Per Day Running Exhaust
NOx_IDLEX Nitrogen Dioxide Tons Per Day Idle Exhaust
NOx_STREX Nitrogen Dioxide Tons Per Day Start Exhaust
NOx_TOTEX Nitrogen Dioxide Tons Per Day Total
CO2_RUNEX Carbon Dioxide Tons Per Day Running Exhaust
CO2_IDLEX Carbon Dioxide Tons Per Day Idle Exhaust
CO2_STREX Carbon Dioxide Tons Per Day Start Exhaust
CO2_TOTEX Carbon Dioxide Tons Per Day Total
PM10_RUNEX Fine Particulate Matter (<10 microns) Tons Per Day Running Exhaust
PM10_IDLEX Fine Particulate Matter (<10 microns) Tons Per Day Idle Exhaust
PM10_STREX Fine Particulate Matter (<10 microns) Tons Per Day Start Exhaust
PM10_TOTEX Fine Particulate Matter (<10 microns) Tons Per Day Total Exhaust
PM10_PMTW Fine Particulate Matter (<10 microns) Tons Per Day Tire Wear
PM10_PMBW Fine Particulate Matter (<10 microns) Tons Per Day Brake Wear
PM10_TOTAL Fine Particulate Matter (<10 microns) Tons Per Day Total
PM2_5 RUNEX Fine Particulate Matter (<2.5 microns) Tons Per Day Running Exhaust
PM2_5_ IDLEX Fine Particulate Matter (<2.5 microns) Tons Per Day Idle Exhaust
PM2_5 STREX Fine Particulate Matter (<2.5 microns) Tons Per Day Start Exhaust
PM2_5 TOTEX Fine Particulate Matter (<2.5 microns) Tons Per Day Total Exhaust
PM2_5 PMTW Fine Particulate Matter (<2.5 microns) Tons Per Day Tire Wear
PM2_5_PMBW Fine Particulate Matter (<2.5 microns) Tons Per Day Brake Wear
PM2_5 TOTAL Fine Particulate Matter (<2.5 microns) Tons Per Day Total
SOx_RUNEX Sulfur Oxides Tons Per Day Running Exhaust
SOx_IDLEX Sulfur Oxides Tons Per Day Idle Exhaust
SOx_STREX Sulfur Oxides Tons Per Day Start Exhaust
SOx_TOTEX Sulfur Oxides Tons Per Day Total
Fuel GAS Fuel 1000 Gallons Gasoline
Fuel DSL Fuel 1000 Gallons Diesel
Fuel NG Fuel 1000 Gallons Natural Gas
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Field Name Pollutant Units Process
TOG_RUNEX Total Organic Gases Tons Per Day Running Exhaust
TOG_IDLEX Total Organic Gases Tons Per Day Idle Exhaust
TOG_STREX Total Organic Gases Tons Per Day Start Exhaust
TOG_TOTEX Total Organic Gases Tons Per Day Total Exhaust
TOG_DIURN Total Organic Gases Tons Per Day Diurnal
TOG_HTSK Total Organic Gases Tons Per Day Hot Soak
TOG_RUNLS Total Organic Gases Tons Per Day Running Loss
TOG_TOTAL Total Organic Gases Tons Per Day Total
ROG_RUNEX Reactive Organic Gases Tons Per Day Running Exhaust
ROG_IDLEX Reactive Organic Gases Tons Per Day Idle Exhaust
ROG_STREX Reactive Organic Gases Tons Per Day Start Exhaust
ROG_TOTEX Reactive Organic Gases Tons Per Day Total Exhaust
ROG_DIURN Reactive Organic Gases Tons Per Day Diurnal
ROG_HTSK Reactive Organic Gases Tons Per Day Hot Soak
ROG_RUNLS Reactive Organic Gases Tons Per Day Running Loss
ROG_TOTAL Reactive Organic Gases Tons Per Day Total
CO_RUNEX Carbon Monoxide Tons Per Day Running Exhaust
CO_IDLEX Carbon Monoxide Tons Per Day Idle Exhaust
CO_STREX Carbon Monoxide Tons Per Day Start Exhaust
CO_TOTEX Carbon Monoxide Tons Per Day Total
NOx_RUNEX Nitrogen Dioxide Tons Per Day Running Exhaust
NOx_IDLEX Nitrogen Dioxide Tons Per Day Idle Exhaust
NOx_STREX Nitrogen Dioxide Tons Per Day Start Exhaust
NOx_TOTEX Nitrogen Dioxide Tons Per Day Total
CO2_RUNEX Carbon Dioxide Tons Per Day Running Exhaust
CO2_IDLEX Carbon Dioxide Tons Per Day Idle Exhaust
CO2_STREX Carbon Dioxide Tons Per Day Start Exhaust
CO2_TOTEX Carbon Dioxide Tons Per Day Total
PM10_RUNEX Fine Particulate Matter (<10 microns) Tons Per Day Running Exhaust
PM10_IDLEX Fine Particulate Matter (<10 microns) Tons Per Day Idle Exhaust
PM10_STREX Fine Particulate Matter (<10 microns) Tons Per Day Start Exhaust
PM10_TOTEX Fine Particulate Matter (<10 microns) Tons Per Day Total Exhaust
PM10_PMTW Fine Particulate Matter (<10 microns) Tons Per Day Tire Wear
PM10_PMBW Fine Particulate Matter (<10 microns) Tons Per Day Brake Wear
PM10_TOTAL Fine Particulate Matter (<10 microns) Tons Per Day Total
PM2_5 RUNEX Fine Particulate Matter (<2.5 microns) Tons Per Day Running Exhaust
PM2_5_ IDLEX Fine Particulate Matter (<2.5 microns) Tons Per Day Idle Exhaust
PM2_5 STREX Fine Particulate Matter (<2.5 microns) Tons Per Day Start Exhaust
PM2_5 TOTEX Fine Particulate Matter (<2.5 microns) Tons Per Day Total Exhaust
PM2_5 PMTW Fine Particulate Matter (<2.5 microns) Tons Per Day Tire Wear
PM2_5_PMBW Fine Particulate Matter (<2.5 microns) Tons Per Day Brake Wear
PM2_5 TOTAL Fine Particulate Matter (<2.5 microns) Tons Per Day Total
SOx_RUNEX Sulfur Oxides Tons Per Day Running Exhaust
SOx_IDLEX Sulfur Oxides Tons Per Day Idle Exhaust
SOx_STREX Sulfur Oxides Tons Per Day Start Exhaust
SOx_TOTEX Sulfur Oxides Tons Per Day Total
Fuel GAS Fuel 1000 Gallons Gasoline
Fuel DSL Fuel 1000 Gallons Diesel
Fuel NG Fuel 1000 Gallons Natural Gas
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Field Name Pollutant Units Process
TOG_RUNEX Total Organic Gases Tons Per Day Running Exhaust
TOG_IDLEX Total Organic Gases Tons Per Day Idle Exhaust
TOG_STREX Total Organic Gases Tons Per Day Start Exhaust
TOG_TOTEX Total Organic Gases Tons Per Day Total Exhaust
TOG_DIURN Total Organic Gases Tons Per Day Diurnal
TOG_HTSK Total Organic Gases Tons Per Day Hot Soak
TOG_RUNLS Total Organic Gases Tons Per Day Running Loss
TOG_TOTAL Total Organic Gases Tons Per Day Total
ROG_RUNEX Reactive Organic Gases Tons Per Day Running Exhaust
ROG_IDLEX Reactive Organic Gases Tons Per Day Idle Exhaust
ROG_STREX Reactive Organic Gases Tons Per Day Start Exhaust
ROG_TOTEX Reactive Organic Gases Tons Per Day Total Exhaust
ROG_DIURN Reactive Organic Gases Tons Per Day Diurnal
ROG_HTSK Reactive Organic Gases Tons Per Day Hot Soak
ROG_RUNLS Reactive Organic Gases Tons Per Day Running Loss
ROG_TOTAL Reactive Organic Gases Tons Per Day Total
CO_RUNEX Carbon Monoxide Tons Per Day Running Exhaust
CO_IDLEX Carbon Monoxide Tons Per Day Idle Exhaust
CO_STREX Carbon Monoxide Tons Per Day Start Exhaust
CO_TOTEX Carbon Monoxide Tons Per Day Total
NOx_RUNEX Nitrogen Dioxide Tons Per Day Running Exhaust
NOx_IDLEX Nitrogen Dioxide Tons Per Day Idle Exhaust
NOx_STREX Nitrogen Dioxide Tons Per Day Start Exhaust
NOx_TOTEX Nitrogen Dioxide Tons Per Day Total
CO2_RUNEX Carbon Dioxide Tons Per Day Running Exhaust
CO2_IDLEX Carbon Dioxide Tons Per Day Idle Exhaust
CO2_STREX Carbon Dioxide Tons Per Day Start Exhaust
CO2_TOTEX Carbon Dioxide Tons Per Day Total
PM10_RUNEX Fine Particulate Matter (<10 microns) Tons Per Day Running Exhaust
PM10_IDLEX Fine Particulate Matter (<10 microns) Tons Per Day Idle Exhaust
PM10_STREX Fine Particulate Matter (<10 microns) Tons Per Day Start Exhaust
PM10_TOTEX Fine Particulate Matter (<10 microns) Tons Per Day Total Exhaust
PM10_PMTW Fine Particulate Matter (<10 microns) Tons Per Day Tire Wear
PM10_PMBW Fine Particulate Matter (<10 microns) Tons Per Day Brake Wear
PM10_TOTAL Fine Particulate Matter (<10 microns) Tons Per Day Total
PM2_5 RUNEX Fine Particulate Matter (<2.5 microns) Tons Per Day Running Exhaust
PM2_5_ IDLEX Fine Particulate Matter (<2.5 microns) Tons Per Day Idle Exhaust
PM2_5 STREX Fine Particulate Matter (<2.5 microns) Tons Per Day Start Exhaust
PM2_5 TOTEX Fine Particulate Matter (<2.5 microns) Tons Per Day Total Exhaust
PM2_5 PMTW Fine Particulate Matter (<2.5 microns) Tons Per Day Tire Wear
PM2_5_PMBW Fine Particulate Matter (<2.5 microns) Tons Per Day Brake Wear
PM2_5 TOTAL Fine Particulate Matter (<2.5 microns) Tons Per Day Total
SOx_RUNEX Sulfur Oxides Tons Per Day Running Exhaust
SOx_IDLEX Sulfur Oxides Tons Per Day Idle Exhaust
SOx_STREX Sulfur Oxides Tons Per Day Start Exhaust
SOx_TOTEX Sulfur Oxides Tons Per Day Total
Fuel GAS Fuel 1000 Gallons Gasoline
Fuel DSL Fuel 1000 Gallons Diesel
Fuel NG Fuel 1000 Gallons Natural Gas
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Planning Inventory Report

Date: 02/01/2022
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Field Name Pollutant Units Process
TOG_RUNEX Total Organic Gases Tons Per Day Running Exhaust
TOG_IDLEX Total Organic Gases Tons Per Day Idle Exhaust
TOG_STREX Total Organic Gases Tons Per Day Start Exhaust
TOG_TOTEX Total Organic Gases Tons Per Day Total Exhaust
TOG_DIURN Total Organic Gases Tons Per Day Diurnal
TOG_HTSK Total Organic Gases Tons Per Day Hot Soak
TOG_RUNLS Total Organic Gases Tons Per Day Running Loss
TOG_TOTAL Total Organic Gases Tons Per Day Total
ROG_RUNEX Reactive Organic Gases Tons Per Day Running Exhaust
ROG_IDLEX Reactive Organic Gases Tons Per Day Idle Exhaust
ROG_STREX Reactive Organic Gases Tons Per Day Start Exhaust
ROG_TOTEX Reactive Organic Gases Tons Per Day Total Exhaust
ROG_DIURN Reactive Organic Gases Tons Per Day Diurnal
ROG_HTSK Reactive Organic Gases Tons Per Day Hot Soak
ROG_RUNLS Reactive Organic Gases Tons Per Day Running Loss
ROG_TOTAL Reactive Organic Gases Tons Per Day Total
CO_RUNEX Carbon Monoxide Tons Per Day Running Exhaust
CO_IDLEX Carbon Monoxide Tons Per Day Idle Exhaust
CO_STREX Carbon Monoxide Tons Per Day Start Exhaust
CO_TOTEX Carbon Monoxide Tons Per Day Total
NOx_RUNEX Nitrogen Dioxide Tons Per Day Running Exhaust
NOx_IDLEX Nitrogen Dioxide Tons Per Day Idle Exhaust
NOx_STREX Nitrogen Dioxide Tons Per Day Start Exhaust
NOx_TOTEX Nitrogen Dioxide Tons Per Day Total
CO2_RUNEX Carbon Dioxide Tons Per Day Running Exhaust
CO2_IDLEX Carbon Dioxide Tons Per Day Idle Exhaust
CO2_STREX Carbon Dioxide Tons Per Day Start Exhaust
CO2_TOTEX Carbon Dioxide Tons Per Day Total
PM10_RUNEX Fine Particulate Matter (<10 microns) Tons Per Day Running Exhaust
PM10_IDLEX Fine Particulate Matter (<10 microns) Tons Per Day Idle Exhaust
PM10_STREX Fine Particulate Matter (<10 microns) Tons Per Day Start Exhaust
PM10_TOTEX Fine Particulate Matter (<10 microns) Tons Per Day Total Exhaust
PM10_PMTW Fine Particulate Matter (<10 microns) Tons Per Day Tire Wear
PM10_PMBW Fine Particulate Matter (<10 microns) Tons Per Day Brake Wear
PM10_TOTAL Fine Particulate Matter (<10 microns) Tons Per Day Total
PM2_5 RUNEX Fine Particulate Matter (<2.5 microns) Tons Per Day Running Exhaust
PM2_5_ IDLEX Fine Particulate Matter (<2.5 microns) Tons Per Day Idle Exhaust
PM2_5 STREX Fine Particulate Matter (<2.5 microns) Tons Per Day Start Exhaust
PM2_5 TOTEX Fine Particulate Matter (<2.5 microns) Tons Per Day Total Exhaust
PM2_5 PMTW Fine Particulate Matter (<2.5 microns) Tons Per Day Tire Wear
PM2_5_PMBW Fine Particulate Matter (<2.5 microns) Tons Per Day Brake Wear
PM2_5 TOTAL Fine Particulate Matter (<2.5 microns) Tons Per Day Total
SOx_RUNEX Sulfur Oxides Tons Per Day Running Exhaust
SOx_IDLEX Sulfur Oxides Tons Per Day Idle Exhaust
SOx_STREX Sulfur Oxides Tons Per Day Start Exhaust
SOx_TOTEX Sulfur Oxides Tons Per Day Total
Fuel GAS Fuel 1000 Gallons Gasoline
Fuel DSL Fuel 1000 Gallons Diesel
Fuel NG Fuel 1000 Gallons Natural Gas
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TCAG DRAFT 2022 RTP/SCS Base

EMFAC 14 GHG/per capita.
2005 Persons/HU Population HU EMP. Regional VMT_ SB375 VMT €02 Ibs/day
5B 375 Base Year 315 404,148 128,388 176,896 10,153,707 8,705,754 21.54 3,440 17.02
m
2021 Persons/HU Population SF MF EMP_ Regional VMT_ SB743 VMT SB375 VMT_ €02
2022 RTP/SCS Base Year 312 481,649 118,928 35,508 187,137 10,617,248 14,566,292 9,176,214 19.05 3526 14.64 14.0%
TCAG DRAFT 2022 RTP/SCS Scenario Metrics
Persons/HU Population SF MF EMP Regional VMT SB743 VMT
2035
Trend (No Proiect] Scenario TP Proiects Onlv 2090 smaes  wsg2 @25 20ses 1863879 16279168
Trend Scenario Tranit Malntain 209 swmass  wsg2 25T 20668l 12235962 16714462
Bluesrint (0ld lan] Scenario Transt Grow 209 swmdes 12 4eA0s 206681 12137682 16649626
Blueprint Plus Scenario Transit Grow 209 swmdes 103 47se 206681 11790528 16164311
CVC Blueprint Plus Scenario Transt Grow 209 swmdss 1073 48297 206681 11699267 16112163
CVC Bluerint Plus2 (Preferred) Scenario Transit CVC 209 swmdss 1073 48297 206681 11696238 16108885
2046
Trend (No Proiect] Scenario TP Proiects Onlv 205 se733 wer2 a3 2sss 12465620 17128558
Trend Scenario Tranit Maintain 205 s w2 a3 2ssds 12877346 17608515
Bluesrint (0ld lan] Scenario Transt Grow 295 sz mes S22 2issds 12725515 17485835
Blueprint Plus Scenario Transit Grow 295 s msaz2 sisa 2ssds 12299408 16966705
CVC Blueprint Plus Scenario Transt Grow 205 s 1700 ssas 2ssds 12208957 16896121
CVC Bluerint Plus2 (Preferred) Scenario Transit CVC 205 se73s3 1700 ssas 2ssds 12201939 16892980
sa3a05 2035
7500 2016
TCAG DRAFT 2022 RTP/SCS Scenario Metrics
tem Notes Source
Persons/HU Persons per housing unit DOF
Pooulation Total scenario population DOF
Total scenario housing units DOF/HCD
SF Total single familv housing units DOF/HCD
MF Total multi-familv housing units. DOF/HCD
Total emolovment units EDD/Caltrans.
Rerional VMT Total dailv VMT including XX trips TCAG Model
SB 743 VMT Total dailv VMT including XX trips and bevond model vmt. TCAG Model
5B 375 VMT Total dailv VMT excluding XX trips TCAG Model
VMT/per capita SB 375 VMT per capita TCAG Model
EF14CO2 SB375 dailv CO2 tons (Annual) excluding XX trios. EMFAC 14
Total % GHG/oer capita Reduction Percent CO2 per capita reductions from 2005 base EMFAC 14
Total % GHG/oer capita Reduction - Off Model Percent CO2 per capita reductions from 2005 base Estimate TBD
Transit Ridershio Total dailv regional transit ridershio Model
“TDM Mode Share Mode Share TCAG Model
Heawv Dutv PM10 PM10 total dailv tons (Annual) EMFAC 14
Heawv Dutv PM2.5 PM2.5 total dailv tons (Annual) EMFAC 14
ROG. ROG total dailv tons (Annuall EMFAC 14
co €O total exhaust tons (Annual) EMFAC 14
NOX. NOX total exhaust dailv tons (Annual) EMFAC 14
co2 €02 dailv tons (Annual including XX trips EMFAC 14
PM10 PM10 total dailv tons (Annual) EMFAC 14
PM2.5 PM2.5 total dailv tons (Annual) EMFAC 14
SOx total exhaust tons (Annual) EMFAC 14
Fuel Gas. EMFAC 14
Fuel DSL EMFAC 14

Regional Gross Residential Density.
New Develooed Acres Consumed
Prime Ag Land Acres Consume
Critical Habitat Land Acres Consumed
€02 Emissions per Household

Water Consumation per Household
Energy Use per Household

Gross residential density housing units ber acre

Critical Habitat Land Acres Consumed
€02 tons per vear
Water gallons oer dav

Envision Tomorrow
Envision Tomorrow
Envision Tomorrow/FMMP

Envision Tomorrow/SIV Greenorint

Envision Tomorrow
Envision Tomorrow
Envision Tomorrow

TCAG DRAFT 2022 RTP/SCS Metrics

Criteria Pollutants EMFAC 14

Tt oM Wade share Heser e ks Aol Annus
2005 _Ridership o S2 S+ Trnst  Bke  Wak PVI0  PM25 RO o2 pM10  pM2S SO FuelGas FuelDSL
10205 eIK | 2632% 2174 075%  L0WE  55% 07862 06208 93602 78456l 302704 65117206 1409  099% 02303 4787437 1877021
Transit TOM Mode Share
2021 Ridership. A s RS+ Transit walk
5665 35 266w 277K LIk 103 S8 01445 00666 22658 151358 699485 55423831 06804 | 02969 00546 377.7340 1817198
Annul
Transit TOM Mode Share Heavy Duty Trucks Annual Annual ENVISION TOMORROW Metrics
Ridership oA sR2 SR+ Transit  Bke  Walk PMI0  PM2S  ROG  CO  NOX o2 e M2 SOx  FuelGas Fuel DSL aneglonaleross New Developed portant A8 rical Habitat Lan emisions Water Consumpt ey Use
2035
Trand (No Proiect) Scenario TIP Proiects Only 17,466 37.39%  2677%  2.86%  Lle%  L0s%  577% 0138 00555 11492 70571 30479 44558160 07052 02890 00435 269.4637 1742284
Trend Scenario Transit Maintain 18,040 A A% 278K L% L09%  GOS% 01424 00572 11852 72802 31434 45945650 07273 02981 0.0450 277.8102 1796916
Blueprint (0ld Plan) Scenario Transit Grow 21,047 3e26% 2738 275%  131%  L10%  620% 01412 00568 11758 72216 31182 4SSBE8%6 07215 02957 004 2756868 17825
Blueprint Plus Scenario Transit Grow 19,455 3.06% 2672 2% 129%  L07%  602% 0136 0059 11374 69812 30163 44118295 06979 02860 00432 2669075 17242
CVC Blueprint Plus Prefered) Scenario Transit Grow 19,492 300% 2672  2.70%  130%  L07%  611% 01361 0057 11334 69558 30056 43962241 06954 02850 00430 265.9606 1718122
CVC Blueprint Plus2 Scenario Transit CVC 21,208 3.07%  2670% 27.68%  138%  L07%  610% 01361 0057 11331 69541 30049 43952022 06952 02850 00430 265.3019 1717696
2046
Trend (No Proiect) Scenario TIP Proiects Only 18,596 3.03%  2687%  27.89%  L17%  L08%  5.86% 01391 00558 09171 59989 27327 44123987 07288 02955 00432 2644985 1743562
Trend Scenario Transit Mantain 19161 3618 2751% 2788 L% L12%  617% 01437 00577 08475 61927 28230 4560.4244 07529 03053 0046 2734736 180118 9 91930 22050 1630 09 285 1066
Blueprint (0ld Plan) Scenario Transit Grow 22,493 3o 24 276k L3% L13% 633 01420 00570 09363 61220 27897 4505506 07440 03017 00441 2701308 177.9932 61 73080 14750 1630 50 221 %9
Blueprint Plus Scenario Transit Grow 20818 368 268M 273%  131%  L10%  619% 01372 00551 09050 59154 26963 4361311 07191 02916 00426 2612402 172,035 64 69130 14040 1630 88 w37 95
CVC Blueprint Plus Prefered) Scenario Transit Grow 20848 3674%  268M 2.68%  13% L% 631% 01366 0058 09010 SE890 26844 43372178 07159 02903 00424 2601226 171274 65 68090 13770 1630 88 u28 914
CVC Blueprint Plus2 Scenario Transit CVC 22,702 3672%  2681% 27.66%  L40%  Ll%  630% 01366 0058 09008 SE87 26837 43363915 0757 02902 00424 260.0841 171.232 65 68090 13770 1630 88 w28 914
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Special-Status Species Tables

Table B-1 Special-Status Plant Species with the Potential fo Occur within TCAG Region

Scientific Name

NETY
Fed/State ESA

Global Rank/
State Rank

Common Name

Abronia alpina
Ramshaw Meadows abronia

Agrostis humilis
mountain bent grass

Allium abramsii
Abrams' onion

Asplenium septentrionale
northern spleenwort

Astragalus lentiginosus var.
kernensis
Kern Plateau milk-vetch

Astragalus shevockii
Shevock's milk-vetch

Atriplex cordulata var. cordulata
heartscale

Atriplex cordulata var.
erecticaulis
Earlimart orache

Atriplex coronata var. vallicola
Lost Hills crownscale

Atriplex depressa
brittlescale

Atriplex minuscula
lesser saltscale

Atriplex persistens
vernal pool smallscale

Atriplex subtilis
subtle orache

Boechera bodiensis
Bodie Hills rockcress

Boechera cobrensis
Masonic rockcress

CRPR

None/None
G2/S2
1B.1

None/None
G4Q/Ss2
2B.3

None/None
G3/S3
1B.2

None/None
G4G5/S3
2B.3

None/None
G5T2?/S2
1B.2

None/None
G2/S2
1B.3

None/None
G3T2/S2
1B.2

None/None
G3T1/s1
1B.2

None/None
GA4T3/S3
1B.2

None/None
G2/S2
1B.2

None/None
G2/S2
1B.1

None/None
G2/S2
1B.2

None/None
G1/51
1B.2

None/None
G3/S3
1B.3

None/None
G5/S3
2B.3

Habitat Requirements

Perennial herb. Blooms Jul-Aug. Occurs in meadows and seeps.
Gravelly margins of meadows; in gravel and sand with Hulsea and
Lupinus. Known to occur in Ramshaw, Templeton meadows, and Tulare
County of the High Sierra Nevada Floristic Province. 2400-2700m
(7874-8858ft).

Alpine boulder and rock field, Meadows and seeps, Subalpine
coniferous forest. Sometimes on calcareous substrates. Probably under
collected; high elevation grass. 2670-3200m. Blooms Jul-Sep.

Lower montane coniferous forest, Upper montane coniferous forest.
On sandy soils, derived from disintegrated granite. 885-3050m. Blooms
May-Jul.

Chaparral, Lower montane coniferous forest, Subalpine coniferous
forest, Upper montane coniferous forest. Forms grass-like tufts in
granitic rock crevices. 1615-3350m. Blooms Jul-Aug.

Meadows and seeps, Subalpine coniferous forest. Dry, gravelly or
sandy slopes or flats. 2240-2750m. Blooms Jun-Jul.

Upper montane coniferous forest. Open Jeffrey pine forest, in granitic
sand or volcanic soils and in pine-needle duff. 1890-1965m. Blooms
Jun-Jul.

Chenopod scrub, Meadows and seeps, Valley and foothill grassland.
Alkaline flats and scalds in the Central Valley, sandy soils. 0-560m.
Blooms Apr-Oct.

Valley and foothill grassland. 40-100m. Blooms Aug-Sep(Nov).

Chenopod scrub, Valley and foothill grassland, Vernal pools. In
powdery, alkaline soils that are vernally moist with Frankenia, Atriplex
spp. and Distichlis. 50-635m. Blooms Apr-Sep.

Chenopod scrub, Meadows and seeps, Playas, Valley and foothill
grassland, Vernal pools. Usually in alkali scalds or alkaline clay in
meadows or annual grassland; rarely associated with riparian, marshes,
or vernal pools. 1-320m. Blooms Apr-Oct.

Chenopod scrub, Playas, Valley and foothill grassland. In alkali sink and
grassland in sandy, alkaline soils. 15-200m. Blooms May-Oct.

Vernal pools. Alkaline vernal pools. 10-115m. Blooms Jun-Oct.

Valley and foothill grassland. Alkaline 40-100m. Blooms (Apr)Jun-
Sep(Oct).

Alpine boulder and rock field, Great Basin scrub, Pinyon and juniper
woodland, Subalpine coniferous forest. In rock crevices, outcrops, and
on steep slopes. Granite and volcanic substrates. 2085-3530m. Blooms
Jun-Jul(Aug).

Great Basin scrub, Pinyon and juniper woodland. Usually sandy soils.
1375-3105m. Blooms Jun-Jul.
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Scientific Name
Common Name

NETY
Fed/State ESA

Global Rank/
State Rank
CRPR

Boechera dispar
pinyon rockcress

Boechera evadens
hidden rockcress

Boechera shevockii
Shevock's rockcress

Boechera tularensis
Tulare rockcress

Botrychium ascendens
upswept moonwort

Botrychium crenulatum
scalloped moonwort

Botrychium lineare
slender moonwort

Botrychium minganense
Mingan moonwort

Brasenia schreberi
watershield

Brodiaea insignis
Kaweah brodiaea

Calochortus striatus
alkali mariposa lily

Calochortus westonii
Shirley Meadows star-tulip

Calyptridium pygmaeum
pygmy pussypaws

Campylopodiella stenocarpa
flagella-like atractylocarpus

Carlquistia muirii
Muir's tarplant

Caulanthus californicus
California jewelflower

None/None
G3/S3
2B.3

None/None
G1/51
1B.3

None/None
G1/51
1B.1

None/None
G3/S3
1B.3

None/None
G3G4/S2
2B.3

None/None
G4/S3
2B.2

None/None
G3/s1
1B.1

None/None
G4G5/S3
2B.2

None/None
G5/S3
2B.3

None/SE
G1/51
1B.2

None/None
G3?/52S3
1B.2

None/None
G3/S3
1B.2

None/None
G1G2/51S2
1B.2

None/None
G5/51?
2B.2

None/None
G2/S2
1B.3

FE/SE
G1/S1
1B.1

Habitat Requirements

Joshua tree "woodland", Mojavean desert scrub, Pinyon and juniper
woodland. Granitic, gravelly slopes & mesas. Often under desert
shrubs which support it as it grows. 1200-2540m. Blooms Mar-Jun.

Upper montane coniferous forest. Variable substrates; usually in rocky
sites. 2560-2850m. Blooms May-Aug.

Upper montane coniferous forest. Granitic, rocky outcrops and ledges.
2470-2500m. Blooms Jun-Jul.

Subalpine coniferous forest, Upper montane coniferous forest. Rocky
slopes. 1825-3350m. Blooms (May)Jun-Jul(Aug).

Lower montane coniferous forest, Meadows and seeps. Grassy fields,
coniferous woods near springs and creeks. 1115-3045m. Blooms
(Jun)Jul-Aug.

Bogs and fens, Lower montane coniferous forest, Marshes and
swamps, Meadows and seeps, Upper montane coniferous forest. Moist
meadows, freshwater marsh, and near creeks. 1268-3280m. Blooms
Jun-Sep.

Meadows and seeps, Subalpine coniferous forest, Upper montane
coniferous forest. 2560-2600m. Blooms Unk.

Bogs and fens, Lower montane coniferous forest, Meadows and seeps,
Upper montane coniferous forest. Creekbanks in mixed conifer forest.
1455-2180m. Blooms Jul-Sep.

Marshes and swamps. Aquatic known from water bodies both natural
and artificial in California. 0-2200m. Blooms Jun-Sep.

Cismontane woodland, Meadows and seeps, Valley and foothill
grassland. Granite or clay soils on S-SW facing slopes; usually in
grassland surrounded by foothill woodland. 150-1400m. Blooms Apr-
Jun.

Chaparral, Chenopod scrub, Meadows and seeps, Mojavean desert
scrub. Alkaline meadows and ephemeral washes. 70-1600m. 70-
1595m. Blooms Apr-Jun.

Broadleafed upland forest, Lower montane coniferous forest,
Meadows and seeps. Meadows, open woodlands; granite substrates.
1500-2105m. Blooms May-Jun.

Subalpine coniferous forest, Upper montane coniferous forest. Sandy
or gravelly sites. 1980-3110m. Blooms Jun-Aug.

Cismontane woodland. All California populations are on roadsides. The
ID of the California populations is under question, but whatever this is,
it is rare. 100-500m.

Chaparral, Lower montane coniferous forest, Upper montane
coniferous forest. Crevices of granite ledges and dry sandy soils. 755-
2500m. Blooms Jul-Aug(Oct).

Chenopod scrub, Pinyon and juniper woodland, Valley and foothill
grassland. Sandy soils. 61-1000m. Blooms Feb-May.

B-2



Scientific Name
Common Name

NETY
Fed/State ESA
Global Rank/

State Rank
CRPR

Special-Status Species Tables

Chaenactis douglasii var. alpina
alpine dusty maidens

Cinna bolanderi
Bolander's woodreed

Clarkia springvillensis
Springville clarkia

Cordylanthus eremicus ssp.
kernensis
Kern Plateau bird's-beak

Cryptantha incana
Tulare cryptantha

Cuscuta jepsonii
Jepson's dodder

Deinandra mohavensis
Mojave tarplant

Delphinium purpusii
rose-flowered larkspur

Delphinium recurvatum
recurved larkspur

Diplacus pictus
calico monkeyflower

Draba cruciata
Mineral King draba

Draba lonchocarpa
spear-fruited draba

Draba sharsmithii
Mt. Whitney draba

Dudleya cymosa ssp. costatifolia
Pierpoint Springs dudleya

Elymus scribneri
Scribner's wheat grass

Eremalche parryi ssp. kernensis
Kern mallow

None/None
G5T5/S2
2B.3

None/None
G2G3/S2S3
1B.2

FT/SE
G2/S2
1B.2

None/None
G3T2/S2
1B.3

None/None
G2/S2
1B.3

None/None
G3/S3
1B.2

None/SE
G2/S2
1B.3

None/None
G3/S3
1B.3

None/None
G2?/S2?
1B.2

None/None
G2/S2
1B.2

None/None
G3/S3
1B.3

None/None
G5/52S3
2B.3

None/None
G2/S2
1B.3

None/None
G5T1/51
1B.2

None/None
G5/S3
2B.3

FE/None
G3G4T3/S3
1B.2

Habitat Requirements

Alpine boulder and rock field. Open, subalpine to alpine gravel and
crevices; granitic substrate. 2865-3400m. Blooms Jul-Sep.

Meadows and seeps, Upper montane coniferous forest. Stream sides
and other mesic areas. 1670-2440m. Blooms Jul-Sep.

Chaparral, Cismontane woodland, Valley and foothill grassland.
Cutbanks and openings in blue oak woodland. Decomposed granite
loam. 245-1220m. Blooms (Mar)Apr-Jul.

Great Basin scrub, Joshua tree "woodland", Pinyon and juniper
woodland, Upper montane coniferous forest. 1675-3000m. Blooms
(May)Jul-Sep.

Lower montane coniferous forest. Gravelly or rocky sites. 1430-2150m.
Blooms Jun-Aug.

North Coast coniferous forest. Primary host species are Ceanothus
diversifolius and Ceanothus prostratus. 1200-2300m. Blooms Jul-Sep.

Chaparral, Coastal scrub, Riparian scrub. Low sand bars in riverbed;
mostly in riparian areas or in ephemeral grassy areas. 640-1600m.
Blooms (Jan-May)Jun-Oct.

Chaparral, Cismontane woodland, Pinyon and juniper woodland. On
shady rocky slopes; often on carbonates. 300-1340m. Blooms
(Mar)Apr-May.

Chenopod scrub, Cismontane woodland, Valley and foothill grassland.
Alkaline 3-790m. Blooms Mar-Jun.

Broad-leafed upland forest, Cismontane woodland. In bare ground
around gooseberry bushes or around granite rock outcrops. 100-
1430m. Blooms Mar-May.

Subalpine coniferous forest. On steep rocky slopes in gravelly soils.
2500-3315m. Blooms Jun-Aug.

Alpine boulder and rock field. On limestone scree. 3000-3295m.
Blooms Jun-Jul.

Alpine boulder and rock field, Subalpine coniferous forest. Protected
rock crevices. 3300-3960m. Blooms Jul-Aug.

Chaparral, Cismontane woodland. On limestone on south-facing slope
with Arabis, Cercocarpus, Fremontodendron, etc. 1435-1600m. Blooms
May-Jul.

Alpine boulder and rock field. On rocky slopes. 2900-4200m. Blooms
Jul-Aug.

Chenopod scrub, Pinyon and juniper woodland, Valley and foothill
grassland. On dry, open, sandy to clay soils; usually within valley
saltbush scrub; often at edge of balds. 70-1290m. Blooms Jan(Feb)Mar-
May.
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Status
Fed/State ESA
Global Rank/
Scientific Name State Rank
Common Name CRPR Habitat Requirements
Ericameria gilmanii None/None Subalpine coniferous forest, Upper montane coniferous forest. Rocky
Gilman's goldenbush G2/S2 sites in open coniferous forests; generally, on limestone; can be on
1B.3 granite. 2100-3400m. Blooms Aug-Sep.
Erigeron aequifolius None/None Broad-leafed upland forest, Lower montane coniferous forest, Pinyon
Hall's daisy G3/S3 and juniper woodland, Upper montane coniferous forest. On dry rock
1B.3 outcrops in granite walls and canyons. 1500-2440m. Blooms Jun-Aug.
Erigeron inornatus var. keilii None/None Lower montane coniferous forest, Meadows and seeps. Dry slopes,
Keil's daisy G5T2/S2 meadows, generally in mixed coniferous forests. 1800-2200m. Blooms
1B.3 Jun-Sep.
Erigeron multiceps None/None Meadows and seeps, Upper montane coniferous forest. Riverbanks
Kern River daisy G2G3/S2S3 and dry meadow borders; usually in open, grassy areas. 1500-2535m.
1B.2 Blooms Jun-Sep.
Eriogonum nudum var. murinum None/None Chaparral, Cismontane woodland, Valley and foothill grassland. Dry
mouse buckwheat G5T2/S2 sandy loam slopes in the Kaweah River drainage. 365-1130m. Blooms
1B.2 Jun-Nov.
Eriogonum twisselmannii None/SR Upper montane coniferous forest. Dry, granitic outcrops. 2375-2805m.
Twisselmann's buckwheat G2/S2 Blooms Jun-Sep.
1B.2
Eriogonum wrightii var. None/None Alpine boulder and rock field, Subalpine coniferous forest. Dry gravelly
olanchense G5T2/S2 to rocky places; open areas at base of boulders. 3260-3535m. Blooms
Olancha Peak buckwheat 1B.3 Jul-Sep.
Eryngium spinosepalum None/None Valley and foothill grassland, Vernal pools. Some sites on clay soil of
spiny-sepaled button-celery G2/S2 granitic origin; vernal pools, within grassland. 80-975m. Blooms Apr-
1B.2 Jun.
Erythranthe norrisii None/None Chaparral, Cismontane woodland. Marble outcrops, soil pockets, moss-
Kaweah monkeyflower G2/S2 covered ledges, cracks in outcrops, sometimes on south-facing cliffs.
1B.3 365-1300m. Blooms Mar-May.
Erythronium pusaterii None/None Meadows and seeps, Subalpine coniferous forest. On granitic loam
Kaweah fawn lily G3/S3 soils and granite outcrops; also, on metamorphic soils. 2200-2775m.
1B.3 2100-2775m. Blooms May-Jul.
Euphorbia hooveri FT/None Vernal pools. Vernal pools on volcanic mudflow or clay substrate. 25-
Hoover's spurge G1/S1 250m. Blooms Jul-Sep(Oct).
1B.2
Fritillaria brandegeei None/None Lower montane coniferous forest. Loamy, granitic soils; often in mixed
Greenhorn fritillary G2G3/S2S3 conifer-black oak community. 1330-2100m. Blooms Apr-Jun.
1B.3
Fritillaria striata None/ST Cismontane woodland, Valley and foothill grassland. Heavy clay adobe
striped adobe-lily G1/S1 soils in oak grassland. 135-1455m. Blooms Feb-Apr.
1B.1
Galium angustifolium ssp. None/None Cismontane woodland, Pinyon and juniper woodland. Grows from
onycense G5T3/S3 under and between large granite rocks and outcrops with scattered
Onyx Peak bedstraw 1B.3 grey pines and oaks. 860-2300m. Blooms Apr-Jul.
Githopsis tenella None/None Chaparral, Cismontane woodland. Mesic sites. Sometimes on
delicate bluecup G2/S2 serpentine. 325-1900m. Blooms Apr-Jun.
1B.3
Glyceria grandis None/None Bogs and fens, Marshes and swamps, Meadows and seeps. Wet
American manna grass G5/S3 meadows, ditches, streams, and ponds, in valleys and lower elevations
2B.3 in the mountains. 15-1980m. Blooms Jun-Aug.
Greeneocharis circumscissa var. None/None Alpine boulder and rock field, Subalpine coniferous forest. Gravelly,
rosulata G5T2/S2 granitic substrates. 2950-3660m. Blooms Jul-Aug.
rosette cushion cryptantha 1B.2
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Special-Status Species Tables

Status
Fed/State ESA
Global Rank/
Scientific Name State Rank
Common Name CRPR Habitat Requirements
Hackelia sharsmithii None/None Alpine boulder and rock field, Subalpine coniferous forest. Cracks,
Sharsmith's stickseed G3/S3 crevices in granite cliffs; large boulder talus. 3000-3700m. Blooms Jul-
2B.3 Sep.
Helianthus winteri None/None Cismontane woodland, Valley and foothill grassland. Openings on
Winter's sunflower G2?/S2? relatively steep south-facing slopes, granitic, often rocky, often
1B.2 roadsides. 125-460m. Blooms Jan-Dec.
Hesperocyparis nevadensis None/None Chaparral, Cismontane woodland, Closed-cone coniferous forest,
Piute cypress G2/S2 Pinyon and juniper woodland. On dry slopes; known from granodiorite,
1B.2 gabbro and limestone. 720-1830m.
Horkelia tularensis None/None Upper montane coniferous forest. Metamorphic gravel along an
Kern Plateau horkelia G2/S2 exposed ridge top. 2255-2875m. Blooms (May)Jun-Aug.
1B.3
Hosackia oblongifolia var. cuprea None/None Meadows and seeps, Upper montane coniferous forest. Wet meadow
copper-flowered bird's-foot G5T2/S2 borders. 2400-2750m. Blooms Jun-Aug.
trefoil 1B.3
Hulsea brevifolia None/None Lower montane coniferous forest, Upper montane coniferous forest.
short-leaved hulsea G3/S3 Granitic or volcanic soil of forest openings and road cuts. 1500-3200m.
1B.2 Blooms May-Aug.
Hulsea vestita ssp. pygmaea None/None Alpine boulder and rock field, Subalpine coniferous forest. Gravelly
pygmy hulsea G5T1/S1 sites; on granite. 2835-3900m. Blooms Jun-Oct.
1B.3
Imperata brevifolia None/None Chaparral, Coastal scrub, Meadows and seeps, Mojavean desert scrub,
California satintail G4/S3 Riparian scrub. Mesic sites, alkali seeps, riparian areas. 0-1215m.
2B.1 Blooms Sep-May.
Iris munzii None/None Cismontane woodland. Granitic moist sandy loam soil, often along
Munz's iris G2/S2 streams. 305-800m. Blooms Mar-Apr(May).
1B.3
Ivesia campestris None/None Meadows and seeps, Subalpine coniferous forest, Upper montane
field ivesia G3/S3 coniferous forest. Meadow edges. 1975-3395m. Blooms May-Aug.
1B.2
Jaffueliobryum wrightii None/None Alpine dwarf scrub, Mojavean desert scrub, Pinyon and juniper
Wright's jaffueliobryum moss G5/52S3 woodland. Dry openings, rock crevices, carbonate. 160-2500m.
2B.3
Lasthenia chrysantha None/None Vernal pools. Alkaline 0-200m. Blooms Feb-Apr.
alkali-sink goldfields G2/S2
1B.1
Lasthenia glabrata ssp. coulteri None/None Annual herb. Blooms February to June. Coastal salt marshes, playas,
Coulter's goldfields G4T2/S2 valley and foothill grassland, vernal pools. Usually found on alkaline
1B.1 soils in playas, sinks, and grasslands. 1-1400m (3-4595ft).
Leptosiphon serrulatus None/None Cismontane woodland, Lower montane coniferous forest. Dry slopes;
Madera leptosiphon G3/S3 often on decomposed granite in woodland. 300-1300m. Blooms Apr-
1B.2 May.
Lewisia disepala None/None Lower montane coniferous forest, Pinyon and juniper woodland, Upper
Yosemite lewisia G2/S2 montane coniferous forest. Fine gravel on rock outcrops, ridges, or
1B.2 domes. Granitic soils. 1035-3500m. Blooms Mar-Jun.
Lupinus lepidus var. culbertsonii None/None Meadows and seeps, Upper montane coniferous forest. Generally
Hockett Meadows lupine G5T3/S3 mesic, rocky sites. 2440-3000m. Blooms Jul-Aug.
1B.3
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Scientific Name
Common Name

NETY
Fed/State ESA

Global Rank/
State Rank
CRPR

Lupinus padre-crowleyi
Father Crowley's lupine

Meesia uliginosa
broad-nerved hump moss

Mielichhoferia shevockii
Shevock's copper moss

Monardella beneolens
sweet-smelling monardella

Monolopia congdonii
San Joaquin woollythreads

Myurella julacea
small mousetail moss

Navarretia nigelliformis ssp.
radians
shining navarretia

Navarretia setiloba
Piute Mountains navarretia

Nemacladus calcaratus
Chimney Creek nemacladus

Nemacladus twisselmannii
Twisselmann's nemacladus

Orcuttia inaequalis
San Joaquin Valley Orcutt grass

Oreonana purpurascens
purple mountain-parsley

Orthotrichum holzingeri
Holzinger's orthotrichum moss

Orthotrichum spjutii
Spjut's bristle moss

Packera indecora
rayless mountain ragwort

Petrophytum caespitosum ssp.
acuminatum
marble rockmat

None/SR
G2/S2
1B.2

None/None
G5/S3
2B.2

None/None
G2/S2
1B.2

None/None
G2/S2
1B.3

FE/None
G2/S2
1B.2

None/None
G5/S2
2B.3

None/None
GA4T2/S2
1B.2

None/None
G2/S2
1B.1

None/None
G1/51
1B.2

None/SR
G1/51
1B.2

FT/SE
G1/s1
1B.1

None/None
G3/S3
1B.2

None/None
G3G4/S2
1B.3

None/None
G1G2/s1
1B.3

None/None
G5/52?
2B.2
None/None

G5T2/S2
1B.3

Habitat Requirements

Great Basin scrub, Riparian forest, Riparian scrub, Upper montane
coniferous forest. Scattered on steep avalanche chutes, in sunny sites
in drainages, and in valley bottoms; decomposed granite. 2200-4000m.
Blooms Jul-Aug.

Bogs and fens, Meadows and seeps, Subalpine coniferous forest, Upper
montane coniferous forest. Moss on damp soil. Often found on the
edge of fens or raised above the fen on hummocks/shrub bases. 1210-
2804m. Blooms Jul-Oct.

Cismontane woodland. Moss on metamorphic rocks containing heavy
metals; mesic sites. On rocks along roads, in same habitat as
Mielichhoferia elongata. 750-1400m.

Alpine boulder and rock field, Subalpine coniferous forest, Upper
montane coniferous forest. Granitic soils; open conifer forest with
Eriogonum spp., Trifolium, Erigeron, etc. 2475-3500m. Blooms Jun-Sep.

Chenopod scrub, Valley and foothill grassland. Alkaline or loamy plains;
sandy soils, often with grasses and within chenopod scrub. 60-800m.
Blooms Feb-May.

Alpine boulder and rock field, Subalpine coniferous forest. Moss
growing on damp limestone rock and soil. Crevices, under hangs,
shelves; in filtered light. Sometimes on granite. 2700-3000m.

Cismontane woodland, Valley and foothill grassland, Vernal pools.
Apparently in grassland, and not necessarily in vernal pools. 65-1000m.
Blooms (Mar)Apr-Jul.

Cismontane woodland, Pinyon and juniper woodland, Valley and
foothill grassland. Red clay soils, or on gravelly loam. 285-2100m.
Blooms Apr-Jul.

Pinyon and juniper woodland. Openings on granitic substrate. 1900-
2100m. Blooms May-Jun.

Upper montane coniferous forest. Sandy or rocky granitic soils, open
ridgetops and gentle slopes in Jeffrey pine forest. 2240-2450m. Blooms
Jul.

Vernal pools. 10-755m. Blooms Apr-Sep.

Broad-leafed upland forest, Subalpine coniferous forest, Upper
montane coniferous forest. Open, metamorphic ridgetops in red fir
forest. 2395-2865m. Blooms May-Jun.

Cismontane woodland, Lower montane coniferous forest, Pinyon and
juniper woodland, Upper montane coniferous forest. Usually on rock in
and along streams; rarely on tree limbs. 715-1800m.

Lower montane coniferous forest, Pinyon and juniper woodland,
Subalpine coniferous forest, Upper montane coniferous forest. Moss
growing on granitic rock; known only from near Sonora Pass. 2100-
2400m.

Meadows and seeps. Mesic sites. 1450-2000m. Blooms Jul-Aug.

Lower montane coniferous forest, Upper montane coniferous forest.
Limestone or granite. Rocky sites. 1015-2300m. Blooms Aug-Sep.
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Status
Fed/State ESA
Global Rank/
Scientific Name State Rank
Common Name CRPR Habitat Requirements
Phacelia nashiana None/None Joshua tree "woodland", Mojavean desert scrub, Pinyon and juniper
Charlotte's phacelia G3/S3 woodland. Granitic soils; sandy or rocky areas on steep slopes or flats.
1B.2 600-2200m. Blooms Mar-Jun.
Phacelia novenmillensis None/None Broad-leafed upland forest, Cismontane woodland, Pinyon and juniper
Nine Mile Canyon phacelia G3/S3 woodland, Upper montane coniferous forest. Dry disturbed banks,
1B.2 granitic or metamorphic soils; sandy or gravelly sites. 1645-2640m.
Blooms (Feb)May-Jun.
Poa lettermanii None/None Alpine boulder and rock field. Sandy or rocky sites. 3500-4265m.
Letterman's blue grass G4/S3 Blooms Jul-Aug.
2B.3
Pohlia tundrae None/None Alpine boulder and rock field. Moss growing on gravelly, damp soil.
tundra thread moss G3/S3 2700-3000m.
2B.3
Pseudobahia peirsonii FT/SE Cismontane woodland, Valley and foothill grassland. Grassy valley
San Joaquin adobe sunburst G1/s1 floors and rolling foothills in heavy clay soil. 90-800m. Blooms Feb-Apr.
1B.1
Puccinellia simplex None/None Chenopod scrub, Meadows and seeps, Valley and foothill grassland,
California alkali grass G3/S2 Vernal pools. Alkaline, vernally mesic. Sinks, flats, and lake margins. 2-
1B.2 930m. Blooms Mar-May.
Ribes menziesii var. ixoderme None/None Chaparral, Cismontane woodland. In forest openings. 610-1160m.
aromatic canyon gooseberry G4T2/S2 Blooms Apr.
1B.2
Ribes tularense None/None Lower montane coniferous forest, Upper montane coniferous forest. In
Sequoia gooseberry G1/S1 sandy loam derived from granitic soils or deep clays. With Abies, Pinus,
1B.3 Ribes, etc. 1500-2075m. Blooms May.
Sabulina stricta None/None Alpine boulder and rock field, Alpine dwarf scrub, Meadows and seeps.
bog sandwort G5/S3 Moist, granitic gravelly sites in sedge meadows and other alpine
2B.3 habitats. 2440-3960m. Blooms Jul-Sep.
Sagittaria sanfordii None/None Marshes and swamps. In standing or slow-moving freshwater ponds,
Sanford's arrowhead G3/S3 marshes, and ditches. 0-650m. Blooms May-Oct(Nov).
1B.2
Senecio aphanactis None/None Chaparral, Cismontane woodland, Coastal scrub. Drying alkaline flats.
chaparral ragwort G3/S2 15-800m. Blooms Jan-Apr(May).
2B.2
Sidalcea keckii FE/None Cismontane woodland, Valley and foothill grassland. Grassy slopes in
Keck's checkerbloom G2/S2 blue oak woodland. On serpentine-derived, clay soils, at least
1B.1 sometimes. 75-650m. Blooms Apr-May(Jun).
Sidalcea multifida None/None Great Basin scrub, Lower montane coniferous forest, Meadows and
cut-leaf checkerbloom G3/S2 seeps, Pinyon and juniper woodland. 1750-2800m. Blooms May-Sep.
2B.3
Sphenopholis obtusata None/None Cismontane woodland, Meadows and seeps. Open moist sites, along
prairie wedge grass G5/S2 rivers and springs, alkaline desert seeps. 300-2000m. Blooms Apr-Jul.
2B.2
Streptanthus gracilis None/None Subalpine coniferous forest, Upper montane coniferous forest. Gravel
alpine jewelflower G3/S3 pockets among granitic outcrops and talus boulders. 2800-3500m.
1B.3 Blooms Jul-Aug.
Trichodon cylindricus None/None Broad-leafed upland forest, Meadows and seeps, Upper montane
cylindrical trichodon G4G5/S2 coniferous forest. Moss growing in openings on sandy or clay soils on
2B.2 roadsides, stream banks, trails or in fields. 50-2002m.
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Status
Fed/State ESA
Global Rank/
Scientific Name State Rank
Common Name CRPR Habitat Requirements
Trifolium dedeckerae None/None Lower montane coniferous forest, Pinyon and juniper woodland,
Dedecker's clover G2/S2 Subalpine coniferous forest, Upper montane coniferous forest.
1B.3 Gravelly canyons and slopes, cracks in granite rock outcrops, and
understory of pinyon pines. 2100-3500m. Blooms May-Jul.
Triglochin palustris None/None Marshes and swamps, Meadows and seeps, Subalpine coniferous
marsh arrow-grass G5/S2 forest. Mesic sites. 2285-3700m. Blooms Jul-Aug.
2B.3
Tuctoria greenei FE/SR Vernal pools. Vernal pools in open grasslands. 30-1070m. Blooms May-
Greene's tuctoria G1/S1 Jul(Sep).
1B.1
Utricularia intermedia None/None Bogs and fens, Marshes and swamps, Meadows and seeps, Vernal
flat-leaved bladderwort G5/S3 pools. Mesic meadows, lake margins, marshes, fens. 1200-2700m.
2B.2 Blooms Jul-Aug.
Viola pinetorum ssp. grisea None/None Meadows and seeps, Subalpine coniferous forest, Upper montane
grey-leaved violet G4G5T3/S3 coniferous forest. Dry mountain peaks and slopes. 1500-3400m.
1B.2 Blooms Apr-Jul.
FE = Federally Endangered FT = Federally Threatened DL = Delisted
SE = State Endangered ST = State Threatened SR = State Rare

G-Rank/S-Rank = Global Rank and State Rank as per NatureServe and CDFW’s CNDDB RareFind5.

CRPR (California Rare Plant Rank):
1A=Presumed Extinct in California

1B=Rare, Threatened, or Endangered in California and elsewhere

2=Rare, Threatened, or Endangered in California, but more common elsewhere
3=Need more information (a Review List)

4=Plants of Limited Distribution (a Watch List)

CRPR Threat Code Extension:
.1=Seriously endangered in California (over 80% of occurrences threatened / high degree and immediacy of threat)

.2=Fairly endangered in California (20-80% occurrences threatened)
.3=Not very endangered in California (<20% of occurrences threatened)
Sources: CNDDB (CDFW 2021a); USFWS IPaC (2021a), and CNPS Rare Plant Inventory (2021)
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Special-Status Species Tables

Table B-2 Special-Status Wildlife Species with the Potential to Occur within TCAG Region

Status
Fed/State ESA
Global Rank/
Scientific Name State Rank
Common Name CDFW Habitat Requirements
Invertebrates
Bombus crotchii None/SCE Coastal California east to the Sierra-Cascade crest and south into
Crotch bumble bee G3G4/51S2 Mexico. Food plant genera include Antirrhinum, Phacelia, Clarkia,
Dendromecon, Eschscholzia, and Eriogonum.
Bombus occidentalis None/SCE Once common & widespread, species has declined precipitously
western bumble bee G2G3/s1 from central CA to southern B.C., perhaps from disease.
Branchinecta lynchi FT/None Endemic to the grasslands of the Central Valley, Central Coast
vernal pool fairy shrimp G3/S3 mountains, and South Coast mountains, in astatic rain-filled pools.
Inhabit small, clear-water sandstone-depression pools and grassed
swale, earth slump, or basalt-flow depression pools.
Desmocerus californicus FT/None Occurs only in the Central Valley of California, in association with
dimorphus G3T2/S3 blue elderberry (Sambucus mexicana). Prefers to lay eggs in
valley elderberry longhorn elderberries 2-8 inches in diameter; some preference shown for
beetle "stressed" elderberries.
Lepidurus packardi FE/None Inhabits vernal pools and swales in the Sacramento Valley
vernal pool tadpole shrimp G4/5354 containing clear to highly turbid water. Pools commonly found in
grass-bottomed swales of unplowed grasslands. Some pools are
mud-bottomed and highly turbid.
Fish
Oncorhynchus mykiss None/None Native to Kern Plateau in wide, shallow and exposed streams with
aguabonita G5T1/51 little riparian vegetation. Transplanted within and outside of
California golden trout SSC California beyond native range. Stream bottoms of sand, gravel and
some cobble. Water is clear and usually cold, but summer
temperatures can vary from 3 to 22 degrees C.
Oncorhynchus mykiss gilberti None/None Endemic to the upper Kern River and its tributaries. Cool, clear, fast
Kern River rainbow trout G5T1Q/s1 flowing streams where riffles are abundant.
SSC
Oncorhynchus mykiss whitei FT/None Native to the Little Kern River in Tulare County. Found in clear, cold
Little Kern golden trout G5T2/S2 mountain streams and lakes at 5,000 to 9,000 ft. Need well-
oxygenated, gravel-bottomed shallows for spawning.
Amphibians
Hydromantes platycephalus None/None Massive rock areas in mixed conifer, red fir, lodgepole pine, and
Mount Lyell salamander G4/54 subalpine habitats, 4000 to 11,600 feet in elevation. Active on the
WL surface only when free water is available, in the form of seeps,
drips, or spray. Rocky habitat, including cliff faces and cave walls.
Occasionally found under woody debris.
Lithobates pipiens None/None Native range is east of Sierra Nevada-Cascade Crest. Near
northern leopard frog G5/S2 permanent or semi-permanent water in a variety of habitats. Highly
SSC aquatic species. Shoreline cover, submerged and emergent aquatic
vegetation are important habitat characteristics.
Rana boylii None/SE Partly shaded, shallow streams and riffles with a rocky substrate in a
foothill yellow-legged frog G3/S3 variety of habitats. Needs at least some cobble-sized substrate for
SSC egg-laying. Needs at least 15 weeks to attain metamorphosis.
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Fed/State ESA

Global Rank/
Scientific Name State Rank
Common Name CDFW Habitat Requirements
Rana muscosa FE/SE Federal listing refers to populations in the San Gabriel, San Jacinto,
southern mountain yellow- G1/s1 and San Bernardino mountains (southern DPS). Northern DPS was
legged frog WL determined to warrant listing as endangered, Apr 2014, effective

Jun 30, 2014. Always encountered within a few feet of water.
Tadpoles may require 2 - 4 years to complete their aquatic
development.

Spea hammondii None/None Occurs primarily in grassland habitats, but can be found in valley-
western spadefoot G2G3/S3 foothill hardwood woodlands. Vernal pools are essential for
SSC breeding and egg-laying.
Reptiles
Anniella grinnelli None/None Southern San Joaquin Valley. Known from two disjunct areas: the
Bakersfield legless lizard G2G3/S2S3 east side of the Carrizo Plain and portions of the city limits of
SSC Bakersfield. Microhabitat of this species is poorly known. Other

legless lizard species occur in sparsely vegetated areas with moist,
loose soil. Often found underneath leaf litter, rocks, and logs.

Anniella pulchra None/None Sandy or loose loamy soils under sparse vegetation. Soil moisture is

Northern California legless G3/S3 essential. They prefer soils with a high moisture content.

lizard e

Anniella spp. None/None Contra Costa County south to San Diego, within a variety of open

California legless lizard G3G4/S354 habitats. This element represents California records of Anniella not
SSC yet assigned to new species within the Anniella pulchra complex.

Variety of habitats; generally, in moist, loose soil. They prefer soils
with a high moisture content.

Emys marmorata None/None A thoroughly aquatic turtle of ponds, marshes, rivers, streams and
western pond turtle G3G4/S3 irrigation ditches, usually with aquatic vegetation, below 6000 ft
SSC elevation. Needs basking sites and suitable (sandy banks or grassy
open fields) upland habitat up to 0.5 km from water for egg-laying.
Gambelia sila FE/SE Resident of sparsely vegetated alkali and desert scrub habitats, in
blunt-nosed leopard lizard G1/S1 areas of low topographic relief. Seeks cover in mammal burrows,
FP under shrubs or structures such as fence posts; they do not
excavate their own burrows.
Masticophis flagellum None/None Open, dry habitats with little or no tree cover. Found in valley
ruddocki G5T2T3/52? grassland and saltbush scrub in the San Joaquin Valley. Needs
San Joaquin coachwhip SSC mammal burrows for refuge and oviposition sites.
Phrynosoma blainvillii None/None Frequents a wide variety of habitats, most common in lowlands
coast horned lizard G3G4/S354 along sandy washes with scattered low bushes. Open areas for
SSC sunning, bushes for cover, patches of loose soil for burial, and
abundant supply of ants and other insects.
Birds
Accipiter cooperii None/None Woodland, chiefly of open, interrupted or marginal type. Nest sites
Cooper's hawk G5/54 mainly in riparian growths of deciduous trees, as in canyon bottoms
WL on river floodplains; also, live oaks.
Accipiter gentilis None/None Within, and in vicinity of, coniferous forest. Uses old nests and
northern goshawk G5/S3 maintains alternate sites. Usually nests on north slopes, near water.
SSC Red fir, lodgepole pine, Jeffrey pine, and aspens are typical nest
trees.
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Common Name

Status
Fed/State ESA

Global Rank/
State Rank
CDFW

Special-Status Species Tables

Habitat Requirements

Agelaius tricolor
tricolored blackbird

Aquila chrysaetos
golden eagle

Athene cunicularia
burrowing owl

Buteo swainsoni
Swainson's hawk

Charadrius montanus
mountain plover

Charadrius nivosus nivosus
western snowy plover

Coccyzus americanus
occidentalis
western yellow-billed cuckoo

Cypseloides niger
black swift

Dendragapus fuliginosus
howardi
Mount Pinos sooty grouse

Empidonax traillii
willow flycatcher

Gymnogyps californianus
California condor

Haliaeetus leucocephalus
bald eagle

Lanius ludovicianus
loggerhead shrike

None/ST
G1G2/51S2
SSC

None/None
G5/S3

FP

WL

None/None
G4/S3
SSC

None/ST
G5/S3

None/None
G3/S2S3
SSC

FT/None
G3T3/S2
SSC

FT/SE
G5T2T3/S1

None/None
G4/S2
SSC

None/None
G5T2T3/52S3
SSC

None/SE
G5/S1S2

FE/SE
G1/51
FP

FD/SE
G5/S3
FP

None/None
G4/54
SSC

Highly colonial species, most numerous in Central Valley and
vicinity. Largely endemic to California. Requires open water,
protected nesting substrate, and foraging area with insect prey
within a few km of the colony.

Rolling foothills, mountain areas, sage-juniper flats, and desert.
Cliff-walled canyons provide nesting habitat in most parts of range;
also, large trees in open areas.

Open, dry annual or perennial grasslands, deserts, and scrublands
characterized by low-growing vegetation. Subterranean nester,
dependent upon burrowing mammals, most notably, the California
ground squirrel.

Breeds in grasslands with scattered trees, juniper-sage flats, riparian
areas, savannahs, and agricultural or ranch lands with groves or
lines of trees. Requires adjacent suitable foraging areas such as
grasslands, or alfalfa or grain fields supporting rodent populations.

Short grasslands, freshly plowed fields, newly sprouting grain fields,
& sometimes sod farms. Short vegetation, bare ground, and flat
topography. Prefers grazed areas and areas with burrowing rodents.

Sandy beaches, salt pond levees & shores of large alkali lakes. Needs
sandy, gravelly or friable soils for nesting.

Riparian forest nester, along the broad, lower flood-bottoms of
larger river systems. Nests in riparian jungles of willow, often mixed
with cottonwoods, with lower story of blackberry, nettles, or wild
grape.

Coastal belt of Santa Cruz and Monterey counties; central &
southern Sierra Nevada; San Bernardino & San Jacinto mountains.
Breeds in small colonies on cliffs behind or adjacent to waterfalls in
deep canyons and sea-bluffs above the surf; forages widely.

Inhabitant of southern Sierra Nevada mountains, in small islands of
populations. Mainly inhabits white fir covered slopes. Also found in
other conifer types and open, brushy areas adjacent to forest.

Inhabits extensive thickets of low, dense willows on edge of wet
meadows, ponds, or backwaters; 2000-8000 ft elevation. Requires
dense willow thickets for nesting/roosting. Low, exposed branches
are used for singing posts/hunting perches.

Require vast expanses of open savannah, grasslands, and foothill
chaparral in mountain ranges of moderate altitude. Deep canyons
containing clefts in the rocky walls provide nesting sites. Forages up
to 100 miles from roost/nest.

Ocean shore, lake margins, and rivers for both nesting and
wintering. Most nests within 1 mile of water. Nests in large, old-
growth, or dominant live tree with open branches, especially
ponderosa pine. Roosts communally in winter.

Broken woodlands, savannah, pinyon-juniper, Joshua tree, and
riparian woodlands, desert oases, scrub & washes. Prefers open
country for hunting, with perches for scanning, and fairly dense
shrubs and brush for nesting.
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Fed/State ESA

Global Rank/
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Habitat Requirements

Strix nebulosa
great gray owl

Mammals

Ammospermophilus nelsoni
Nelson's antelope squirrel

Antrozous pallidus
pallid bat

Aplodontia rufa californica
Sierra Nevada mountain
beaver

Corynorhinus townsendii
Townsend's big-eared bat

Dipodomys nitratoides
nitratoides
Tipton kangaroo rat

Euderma maculatum
spotted bat

Eumops perotis californicus
western mastiff bat

Gulo gulo
California wolverine

Ovis canadensis sierrae
Sierra Nevada bighorn sheep

Pekania pennanti pop. 2
Fisher - Southern Sierra
Nevada ESU

None/SE
G5/51

None/ST
G2G3/S2S3

None/None
G4/S3
SSC

None/None
G5T3T4/52S3
SSC

None/None
G4/S2
SSC

FE/SE
G3T1T2/S1S2

None/None
G4/S3
SSC

None/None
G4G5T4/S354
SSC

None/ST
G4/s1
FP

FE/SE
G4T2/S2
FP

FE/ST
G5T1/51
SSC

Resident of mixed conifer or red fir forest habitat, in or on edge of
meadows. Requires large diameter snags in a forest with high
canopy closure, which provide a cool sub-canopy microclimate.

Occurs in Western San Joaquin Valley from 200-1200 feet elevation.
Uses dry, sparsely vegetated areas with a variety of soils suitable for
digging. Digs burrows or uses kangaroo rat or other small mammal
burrows. Needs widely scattered shrubs, forbs, and grasses in
broken terrain, often with gullies and washes.

Found in a variety of habitats including deserts, grasslands,
shrublands, woodlands, and forests. Most common in open, dry
habitats with rocky areas for roosting. Roosts in crevices of rock
outcrops, caves, mine tunnels, buildings, bridges, and hollows of live
and dead trees which must protect bats from high temperatures.
Very sensitive to disturbance of roosting sites.

Dense growth of small deciduous trees & shrubs, wet soil, &
abundance of forbs in the Sierra Nevada & east slope. Needs dense
understory for food & cover. Burrows into soft soil. Needs abundant
supply of water.

Occurs throughout California in a wide variety of habitats. Most
common in mesic sites, typically coniferous or deciduous forests.
Roosts in the open, hanging from walls &amp; ceilings in caves, lava
tubes, bridges, and buildings. This species is extremely sensitive to
human disturbance.

Found in saltbush scrub and sink scrub communities in the Tulare
Lake Basin of the southern San Joaquin Valley. Needs soft friable
soils for burrowing which do not experience seasonal flooding.
Often digs burrows in elevated mounds, including the base of
shrubs in densely vegetated areas.

Occupies a wide variety of habitats from arid deserts and grasslands
through mixed conifer forests. Typically forages in open terrain;
over water and along washes. Feeds almost entirely on moths.
Roosts in rock crevices in cliffs or caves. Occasionally roosts in
buildings.

Occurs in open, semi-arid to arid habitats, including coniferous and
deciduous woodlands, coastal scrub, grasslands, and chaparral.
Roosts in crevices in cliff faces and caves, and buildings. Roosts
typically occur high above ground.

Found in the north coast mountains and the Sierra Nevada. Found
in a wide variety of high elevation habitats. Needs water source.
Uses caves, logs, burrows for cover and den area. Hunts in more
open areas. Can travel long distances.

Historically found along the east side and crest of the Sierra Nevada,
and on the Great Western Divide. Available water and steep, open
terrain free of competition from other grazing ungulates.

Intermediate to large-tree stages of coniferous forests and
deciduous-riparian areas with high percent canopy closure. Uses
cavities, snags, logs and rocky areas for cover and denning. Needs
large areas of mature, dense forest.
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Scientific Name
Common Name

Status
Fed/State ESA

Global Rank/
State Rank
CDFW

Special-Status Species Tables

Taxidea taxus
American badger

Vulpes macrotis mutica
San Joaquin kit fox

Vulpes vulpes necator
Sierra Nevada red fox

None/None
G5/S3
SSC

FE/ST
G4T2/S2

FE/ST
G5T1T2/S1

Habitat Requirements

Most abundant in drier open stages of most shrub, forest, and
herbaceous habitats, with friable soils. Needs sufficient food, friable
soils and open, uncultivated ground. Preys on burrowing rodents.
Digs burrows.

Annual grasslands or grassy open stages with scattered shrubby
vegetation. Need loose-textured sandy soils for burrowing, and
suitable prey base.

Historically found from the Cascades down to the Sierra Nevada.
Found in a variety of habitats from wet meadows to forested areas.
Use dense vegetation and rocky areas for cover and den sites.
Prefer forests interspersed with meadows or alpine fell-fields.

FT = Federally Threatened

FC = Federal Candidate Species
FE = Federally Endangered

FS = Federally Sensitive

DL = Delisted

SE = State Endangered
ST = State Threatened

SR = State Rare

SS = State Sensitive

G-Rank/S-Rank = Global Rank and State Rank as per NatureServe and CDFW’s CNDDB RareFind3

SSC = CDFW Species of Special Concern

Sources: CNDDB (CDFW 2021a); USFWS IPaC (2021a)

FP = Fully Protected WL = Watch List
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Appendix C

TCAG 2022 RTP/SCS Performance Metric Data



TCAG DRAFT 2022 RTP/SCS Base

EMFAC 14 GHG/per capita.
2005 Persons/HU Population HU EMP. Regional VMT SB375 VMT VMT/perCapita €02 s/day
EEETI TE ahiE TR 176596 T0155,707 SR T ] a0 T
e
2021 Persons/HU Population SF MF EMP. Regional VMT SB743 VMT. SB375 VMT VMT/perCapita €02
2022 RTP/SCS Base Year 312 481,649 118,928 35,508 187,137 10,617,248 14,566,292 9,176,214 19.05 3,526 14.64
TCAG DRAFT 2022 RTP/SCS Scenario Metrics
Persons/HU Population SF MF EMP  Regional vMT 58743 VMT
2035
Trend (No Project) Scenario TIP Projects Only 299 535,463 135,772 43,257 206,681 11,863,87¢ 16,279,168
Trend scenario Transit Maintain 209 swsas wsm2 s 206681 12235962 16714462
Blueprint (Old Plan) Scenario Transit Grow 299 535,463 132,621 46,408 206,681 12,137,682 16,649,626
Blueprint Plus Scenario Transit Grow 299 535,463 131,503 47,526 206,681 11,740,528 16,164,311
CVC Blueprint Plus Scenario Transit Grow 299 535,463 130,733 48,297 206,681 11,699,147 16,112,163
CVC Blueprint Plus2 (Preferred) Scenario Transit CVC. 299 535,463 130,733 48,297 206,681 11,696,238 16,108,885
2046
Trend (No Project) Scenario TIP Projects Only 295 567,383 144,772 47,397 218,846 12,465,62C 17,128,558
Trend scenario Transit Maintain 205 seram w2 @ 2sss 12877346 17,606,515
Blueprint (Old Plan) Scenario Transit Grow 295 567,383 139,938 52,232 218,846 12,725,515 17,485,835
Blueprint Plus Scenario Transit Grow 295 567,383 138,222 53,947 218,846 12,299,408 16,966,705
CVC Blueprint Plus Scenario Transit Grow 295 567,383 137,040 55,129 218,846 12,244,957 16,896,121
CVC Blueprint Plus2 (Preferred) Scenario Transit CVC. 295 567,383 137,040 55,129 218,846 12,241,939 16,892,980
sazass 203
s75894 E
TCAG DRAFT 2022 RTP/SCS Scenario Metrics
tem Notes Source
Persons/HU Persons per housing unit DOF
Population Totalscenario population oo
Total scenario housing units. DOF/HCD
SF i ily housing units. DOF/HCD
MF tal multi-family housing units DOF/HCD
EMP EDD/Caltrans
Regional VM M including XK rips TeAG Model
5B 743 vT Totaldally NI including XX rips and beyond model vt TeAG Model
5B 375 vT Totaldaly T exclucing X rps TeAG Model
55375 VNI per capita TCAG Model
58375 all CO2 tons Annual) xclucing X rips ewrAC 14
Percent C02 per caitareducions from 2005 base ewrAC 14
Total % GHG/per capita Reduction - Off Model Percent CO2 per capita reductions from 2005 base Estimate TBD
TransitRidership Total dal regional ransit ridersip Mo
TOM Mode Share Mode Share TCAG Model
Heawy Duty P10 P10 tota dally tons (Annual) ewrAC 14
Heawy Duty P23 P25 total daily tons (Annual) ewrAC 14
roG ROG totl daiytons Amnual) ewrAC 14
© €Ototal exhaust tons (Annual) EMFAC 14
Nox NOX total exhaust dally ons (Annual) ewrAC 14
o2 €02 il ons (Annual) incucing XX tips ewrAC 14
Pu10 PA10 otal dtly ons (Annual) ewrAC 14
s P25 total daily tons (Annual) EMFAC 14
sox 5O total exhaust tons (Annual) EMFAC 14
FuelGas iy v i . ewrAC 14
Fuel D5L ewrAC 14
Regional Gross Residential Dty Groes reseriial density housing unks per acre Envision Tomorrom
New Developed Acres Consumed Envision Tomoxtom
Prime Ag Land Acres Consumed Envision Tomorrow/FMMP
Critical Habitat Land Acres Consumed Envision Tomorrow/SIV Greenprint
jons per Household €02 tons per year Envision Tomortom

o2 Emi
Water Consumption per Household
Energy Use per Household

Water gallons per day
Energy consumption in millions of BTU per year

Envision Tomorrow

TCAG DRAFT 2022 RTP/SCS Metrics

Criteria Pollutants EMFAC 14

‘Trend (No Project) Scenario TIP Projects Only
Trend Scenario Transit Maintain

Blueprint (Old Plan) Scenario Transit Grow
Blueprint Plus Scenario Transit Grow

CVC Blueprint Plus (Prefered) Scenario Transit Grow

CVC Blueprint Plus2 Scenario Transit CVC

‘Trend (No Project) Scenario TIP Projects Only
Trend Scenario Transit Maintain

Blueprint (0ld Plan) Scenario Transit Grow
Blueprint Plus Scenario Transit Grow

CVC Blueprint Plus (Prefered) Scenario Transit Grow

Annual
Transit TOM Mode Share Heavy Duty Trucks Annual Annual
2005 _pidership oA SR2  SR3  Transt  Bke  Walk PMIO  PM25  ROG NOX  CO2  PMI0  PM25  SOx FuelGas FuelDSL
10,205 6l%  2632% 2770%  075%  LOM%  555% 07862 06208 53602 784561 302704 65117246 14096 09996 02303 4787437 1877021
Transit TOM Mode Share
2021 _pidership oA SR2 SR3  Transt Bke  Walk
5565 s 2666%  2777% 118K 103 S82% 01485 00666 2265 15138 699485 55423831 06804 | 096 00546 3777340 1817198
Annul
Transit TOM Mode Share Heavy Duty Trucks Annual Annual ENVISION TOMORROW Metrics
« 02 Emissions per Water Consumption per Energy Use per
Ridership DA sR2 SR3+  Transit  Bke  Walk PMI0  PM25  ROG ©  Nox o2 PM0 PM2S SOx  FuelGas FuelDSL Redontiol Doty Aeres Comaumes e So1 eres Conoumen Hw“hnm’ Hw“h;‘d pef N:‘Vsew:
2035
17,466 ;3w 2677%  2786%  116%  105%  577% 01380 00555 11492 70571 30479 44558160 07052 02890 00436 269.4637 1742284
18010 a3 2741% 2785%  114%  10%  608% 01424 00572 11852 72802 3143 4545650 07273 02981 00450 277.8102 179.6916
21,007 626% 2738 2775%  131%  110%  620% 01412 00568 11758 72216 31182 4SSBE896 07215 02957 0.0446 2756868 1782496
19,455 6% 2672% 277%  129%  107%  602% 01366 00549 11374 6812 30163 44118295 06979 02860 00432 2669075 1724199
19,492 0% 2672% 2770%  130%  107%  611% 01361 00547 11334 6558 30056 43962241 06954 02850 00430 265.9606 1718122
21,208 0% 2670% 27.68% 138 107%  610% 01361 00547 11331 63541 30049 43952022 06952 02850 0.0430 2659019 1717696
2046
18,59 a3 2687 278%  117%  L08%  586% 01391 00558 09171 5989 27327 44123987 07288 02955 00432 264.4985 1743562
19,161 18%  2751% 2788% L% L% 617% 01437 00577 09475 61927 28230 45604244 07529 03053 00446 2734736 180.1185 a9 91930 22050 1630 99 2885 1066
22,493 IOT%  2749% 276% 13 113K 63% 01420 00570 09363 61229 27897 45055206 07440 03017 00441 270.1308 177.9932 61 73080 14750 1630 90 221 %3
20818 8% 2683 2773  13%  L10K  619% 01372 00551 09050 59154 2693 43561311 07191 02916 00426 2612402 172035 64 69130 14040 1630 88 w37 a5
20818 674% 268 2768 13 LUK 631% 01366 00548 0010 58850 26844 43372178 07159 02903  0.0424 2601226 1712739 65 68490 13770 1630 88 u28 914
2,702 7% 2681% 27.66% 140K LUK 630% 01366 00548 0008 58877 26837 43363915 07157 02902 0.0424 2600841 1712319 65 68490 13770 1630 88 u28 a4

CVC Blueprint Plus2 Scenario Transit CVC



SB 32 Analysis - CO, Emissions Estimates

Annual Emissions (metric tons per year)

TCAG
Year Regional VMT CO, (tons/day) CO, (Ibs/day) Population Per Capita CO, (Ibs/person/day) % change from 1990 Baseline
1990* n/a n/a n/a n/a 25.2 n/a
2005 10,153,707 5,980.4 11,960,790.87 404,148 29.6 n/a
Existing (2021) 10,617,248 5,377.9 10,755,752.15 481,649 22.3 -11%
2030 with 2022 RTP/SCS** 11,310,884 4,665.0 9,330,000.00 516,244 18.1 -28%
2046 with 2022 RTP/SCS 12,241,939 4,301.3 8,602,582.59 567,383 15.2 -40%

*1990 levels assumed to be 15% below 2005 levels
**2030 Regional VMT & population calculated via linear
interpolation using 2021 and 2035 Regional VMT &
population (See TCAG provided metrics)
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Greenhouse Gas Emissions Calculations



Emissions Estimates

Annual Emissions (metric tons per year)

TCAG
Year Cco, CH, N,O CO,e

Existing (2021) 2,482,806 115 181 | 2,539,741

2046 No Project 2,018,002 38 131 2,058,050

2046 Project 1,990,248 38 129 2,029,745

Net Change (2021 to 2046 Project) (492,558) (77) (52) (509,996)

Net Change (2046 No Project to 2046 Project) (27,755) (1) (2) (28,305)
2021 Population 481,649
2046 Population 567,383

*GWPs of 25 for CH , and 298 for N , O were utilized to calculate CO , e (consistent with CARB's 2017 Scoping

Plan, which relied on IPCC AR4 estimates).




Existing (2021) 2046 No Project 2046 RTP/SCS
14,566,292 17,128,558 16,892,980
2,008,328 2,119,527 2,090,376
381,260 406,239 400,651

- Daily VMT provided by TCAG. Daily Trips and Daily Vehicles based on EMFAC Planning Inventory outputs for the
respective year.

365]




SCENARIO

TCAG 2021 - RUNEX

Source EMFAC2021 (v1.0.1) Emission Rates
Region Type MPO
Region TCAG
Calendar Year 2021
Season Annual
Vehicle Classification EMFAC202x Categories
Emissions Rate and
Vehicle Activity Units Units: miles/day for VMT, g/mile for RUNEX
Daily VMT [ 14,566,292 |
CO, RUNEX Emissions | CH, RUNEX Emissions | N,O RUNEX Emissions

Region Calendar Year Vebhicle Category Model Year Speed Fuel €O, RUNEX CH, RUNEX N,0 RUNEX Fleet Mix (by VMT) VMT per Day (tons/day) (tons/day) (tons/day)
TCAG 2021 All Other Buses Aggregate Aggregate Diesel 1130.239363 0.011779085 0.178069672 0.03% 4,065.34 4.59E+00 4.79E-05 7.24E-04
TCAG 2021 All Other Buses Aggregate Aggregate Natural Gas| 1082.261172 0.850610538 0.22062602 0.00% 121.34 1.31€-01 1.03E-04/ 2.68E-05
TCAG 2021|LDA Aggregate Aggregate Gasoline 292.5553046 0.003154437 0.005865268 43.77% 6,375,641.30 1.87E+03 2.01E-02 3.74E-02
TCAG 2021|LDA Aggregate Aggregate Diesel 238.9050532 0.00163448 0.037639588 0.09% 13,572.05 3.24E+00 2.22E-05 5.11E-04
TCAG 2021|LDA Aggregate Aggregate Electricity 0 0 0 0.73% 105,898.21 0.00E+00 0.00E+00 0.00E+00
TCAG 2021|LDA Aggregate Aggregate Plug-in Hyb|| 143.2785108 0.000427718 0.000605293 0.92% 134,388.43 1.93E+01 5.75E-05 8.13E-05
TCAG 2021|LDT1 Aggregate Aggregate Gasoline 355.8387444 0.016164069 0.021876208 3.73% 543,715.15 1.93E+02 8.79E-03 1.19€-02
TCAG 2021|LDT1 Aggregate Aggregate Diesel 397.6910213 0.013840007 0.062656382 0.00% 231.14 9.19€-02 3.20E-06 1.45E-05
TCAG 2021|LDT1 Aggregate Aggregate Electricity 0 0 0 0.00% 220.39 0.00E+00 0.00E+00 0.00E+00
TCAG 2021|LDT1 Aggregate Aggregate Plug-in Hyb|| 136.8275725 0.000410701 0.000583993 0.00% 119.10 1.63E-02 4.89E-08 6.96E-08
TCAG 2021|LDT2 Aggregate Aggregate Gasoline 371.063058 0.005057606 0.009977234 17.32% 2,522,840.37 9.36E+02 1.28E-02 2.52E-02
TCAG 2021|LDT2 Aggregate Aggregate Diesel 322.2981492 0.000888809 0.050778205 0.04% 5,935.28 1.91E+00 5.28E-06 3.01E-04
TCAG 2021|LDT2 Aggregate Aggregate Electricity 0 0 0 0.01% 1,659.01 0.00E+00 0.00E+00 0.00E+00
TCAG 2021|LDT2 Aggregate Aggregate Plug-in Hyb|| 139.0748345 0.0004166 0.00059134 0.06% 9,059.92 1.26E+00 3.77E-06 5.36E-06
TCAG 2021|LHD1 Aggregate Aggregate Gasoline 959.3052338 0.017231708 0.018828621 1.82% 265,628.13 2.55E+02 4.58E-03 5.00E-03
TCAG 2021|LHD1 Aggregate Aggregate Diesel 640.8552246 0.011583281 0.100967002 2.20% 320,646.98 2.05E+02 3.71E-03 3.24E-02
TCAG 2021|LHD2 Aggregate Aggregate Gasoline 1068.205675 0.01038665 0.015826997 0.28% 41,154.94 4.40E+01 4.27E-04 6.51E-04
TCAG 2021|LHD2 Aggregate Aggregate Diesel 783.1155987 0.010463571 0.123380181 0.73% 106,664.64 8.35E+01 1.12€-03 1.32€-02
TCAG 2021 |MCY Aggregate Aggregate Gasoline 188.9662374 0.200289208 0.046087342 0.32% 46,466.46 8.78E+00 9.31E-03 2.14E-03
TCAG 2021|MDV Aggregate Aggregate Gasoline 452.2069718 0.007116896 0.013200745 20.56% 2,994,830.38 1.35E+03 2.13E-02 3.95E-02
TCAG 2021|MDV Aggregate Aggregate Diesel 426.1969005 0.000659171 0.067147495 0.35% 50,586.37 2.16E+01 3.33E-05 3.40E-03
TCAG 2021|MDV Aggregate Aggregate Electricity 0 0 0 0.01% 2,063.83 0.00E+00 0.00E+00 0.00E+00
TCAG 2021|MDV Aggregate Aggregate Plug-in Hyb|| 143.8764916 0.000428672 0.000605622 0.08% 11,471.66 1.65E+00 4.92E-06 6.95E-06
TCAG 2021|MH Aggregate Aggregate Gasoline 1951.779828 0.022283918 0.032926719 0.07% 9,816.45 1.92E+01 2.19E-04 3.23E-04
TCAG 2021|MH Aggregate Aggregate Diesel 1077.204011 0.007220356 0.169713931 0.03% 4,986.30 5.37E+00 3.60E-05 8.46E-04
TCAG 2021 [Motor Coach Aggregate Aggregate Diesel 1768.087881 0.001989964 0.278562966 0.02% 3,152.90 5.57E+00 6.27E-06 8.78E-04
TCAG 2021|0BUS Aggregate Aggregate Gasoline 1842.999461 0.027380565 0.040912928 0.04% 6,477.21 1.19E+01 1.77€-04/ 2.65E-04
TCAG 2021|PTO Aggregate Aggregate Diesel 2180.209481 0.00468591 0.343492892 0.06% 9,030.06 1.97E+01 4.23E-05 3.10E-03
TCAG 2021[SBUS Aggregate Aggregate Gasoline 846.7976819 0.012025788 0.027231629 0.05% 7,154.87 6.06E+00 8.60E-05 1.95E-04/
TCAG 2021[SBUS Aggregate Aggregate Diesel 1146.260599 0.00379057 0.180593824 0.08% 11,418.29 1.31E+01 4.33E-05 2.06E-03
TCAG 2021[SBUS Aggregate Aggregate Natural Gas 1223.041061 2.936845968 0.249324921 0.01% 1,940.78 2.37E+00 5.70E-03 4.84E-04
TCAG 2021[T6 CAIRP Class 4 Aggregate Aggregate Diesel 1149.664273 0.000805227 0.181130074 0.00% 448.63 5.16E-01 3.61E-07 8.13E-05
TCAG 2021[T6 CAIRP Class 5 Aggregate Aggregate Diesel 1144.788211 0.000490316 0.180361849 0.00% 615.43 7.05E-01 3.02E-07 1.11E-04/
TCAG 2021[T6 CAIRP Class 6 Aggregate Aggregate Diesel 1137.693481 0.000693754 0.179244071 0.01% 1,608.15 1.83E+00 1.12E-06] 2.88E-04
TCAG 2021[T6 CAIRP Class 7 Aggregate Aggregate Diesel 1063.897905 0.000986773 0.167617548 0.07% 10,087.10 1.07E+01 9.95E-06 1.69E-03
TCAG 2021(T6 Instate Delivery Class 4 Aggregate Aggregate Diesel 1198.815278 0.009235054 0.188873835 0.02% 2,243.97 2.69E+00 2.07E-05 4.24E-04
TCAG 2021(T6 Instate Delivery Class 5 Aggregate Aggregate Diesel 1201.121868 0.006714924 0.189237239 0.01% 1,575.89 1.89E+00 1.06E-05 2.98E-04
TCAG 2021(T6 Instate Delivery Class 6 Aggregate Aggregate Diesel 1194.576183 0.004597243 0.188205964 0.07% 9,586.01 1.15E+01 4.41E-05 1.80E-03
TCAG 2021(T6 Instate Delivery Class 7 Aggregate Aggregate Diesel 1170.652891 0.00399312 0.18443684 0.02% 2,914.46 3.41E+00 1.16E-05 5.38E-04
TCAG 2021(T6 Instate Delivery Class 7 Aggregate Aggregate Natural Gas| 1108.473104 0.867378059 0.225969494 0.00%! 7.53 8.35E-03 6.53E-06 1.70E-06
TCAG 2021(T6 Instate Other Class 4 Aggregate Aggregate Diesel 1145.779699 0.00499734 0.180518058 0.11% 15,550.67 1.78E+01 7.77E-05 2.81E-03
TCAG 2021(T6 Instate Other Class 5 Aggregate Aggregate Diesel 1149.530531 0.00121557 0.181109003 0.27% 38,674.82 4.45E+01 4.70E-05 7.00E-03
TCAG 2021(T6 Instate Other Class 6 Aggregate Aggregate Diesel 1142.190302 0.004675153 0.179952547 0.24% 34,258.04 3.91E+01 1.60E-04/ 6.16E-03
TCAG 2021(T6 Instate Other Class 7 Aggregate Aggregate Diesel 1108.170406 0.0023858 0.174592699 0.17% 24,296.18 2.69E+01 5.80E-05 4.24E-03
TCAG 2021(T6 Instate Other Class 7 Aggregate Aggregate Natural Gas 968.2076785 0.695278643 0.197375469 0.00% 290.76 2.82E-01 2.02E-04 5.74E-05
TCAG 2021(T6 Instate Tractor Class 6 Aggregate Aggregate Diesel ﬂ 1128.71806 0.001274306 0.17782999 0.00% 646.32 7.30E-01 8.24E-07 1.15E-04/
TCAG 2021T6 Instate Tractor Class 7 Aggregate Aggregate Diesel I 1069.200106 0.001880835 0.168452912 0.14% 20,320.04 2.17E+01 3.82E-05 3.42E-03
TCAG 2021(T6 Instate Tractor Class 7 Aggregate Aggregate Natural Gzﬂ 965.1885111 0.694100289 0.196759992 0.00% 224.74 2.17E-01 1.56E-04/ 4.42E-05
TCAG 2021[T6 OOS Class 4 Aggregate Aggregate Diesel 1149.215997 0.000905623 0.181059448 0.00% 259.75 2.99E-01 2.35E-07, 4.70E-05
TCAG 2021[T6 O0S Class 5 Aggregate Aggregate Diesel 1144.705297 0.000511335 0.180348786 0.00% 356.34 4.08E-01 1.82E-07, 6.43E-05
TCAG 2021[T6 O0S Class 6 Aggregate Aggregate Diesel 1137.587606 0.000782986 0.179227391 0.01% 931.12 1.06E+00 7.29€-07 1.67E-04/
TCAG 2021[T6 O0S Class 7 Aggregate Aggregate Diesel 1061.424562 0.001087905 0.167227872 0.05% 6,770.36 7.19E+00 7.37E-06 1.13e-03
TCAG 2021T6 Public Class 4 Aggregate Aggregate Diesel 1256.637482 0.003428969 0.197983747 0.01% 1,099.80 1.38E+00 3.77E-06 2.18E-04
TCAG 2021T6 Public Class 4 Aggregate Aggregate Natural Gas 1031.918128 0.815034297 0.210363261 0.00% 53.45 5.52E-02 4.36E-05 1.12E-05
TCAG 2021T6 Public Class 5 Aggregate Aggregate Diesel 1244.872782 0.003276869 0.196130214 0.02% 2,242.66 2.79E+00! 7.35E-06 4.40E-04
TCAG 2021T6 Public Class 5 Aggregate Aggregate Natural Gas 1045.671147 0.838812913 0.213166904 0.00% 194.81 2.04E-01 1.63E-04/ 4.15E-05




[scenario

[TCAG 2021 - STREX and IDLEX

Source EMFAC2021 (v1.0.1) Emission Rates
eion Tvpe PO
eion TcAG
2021
Season Annual
EMPACI0 Cat
Trips, g/trip 3
r IDLEX
Fleet Mix (by Vehicle Fleet Mix (by Vehicle €O, STREX Emissions | CO, IDLEX Emissions | CH, STREX Emissions | CH, IDLEX Emissions | N,O STREX Emissions | N, IDLEX Emissions.
Region Calendar Year Vehicle Category. Model Year Speed Fuel €0, IDLEX co, sTREX CH, IDLEX CH, STREX N.0 IDLEX N,0 STREX Trips) Vehicle Trips per Day. Population) Vehicles per Day. (tons/day) (tons/day) (tons/day) (tons/day) (tons/day) (tons/day)

Teac 1 Buses Assreate Agarezate Diesel 657.33343¢ 0.0071740¢ 0103563151 .03 69366 02 7794 0.00€:+ 5126 0,00+ 559607 0.00€:+ 807606
Teac 1 Buses Asgregate Agarezate Natural Gas 138057739 3.48452485; 0.28143973 0.0 1826 o 205 0,00+ e 0.00€:+ 7,156 0,00+ 7€
Teac 1]i0a Asgregate Agarezate Gasoline. 749369273 0085085335 0.03607218 37.27% 748,558.50 4242 16171864 5616401 E+0 637 E+0 2706 E+0
Teac 1]i0a Asgregate Agarezate Diesel o o 183100 11 43109 0.00€+ E+0 0,00+ E+0 0,00+ E+0
Teac 1]i0a Asgregate Agarezate Electricity o 62 1246764 65: 2.461.28 0,00+ E+0 0,00+ E+0 0,00+ E+0
Teac 1]i0a Asgregate Agarezate Plugin Hybrid 67.9095635: 0,041791202 002130178 57% 11,497.78 73 2.780.60 781601 E+0 E+0 245600 E+0
Teac 111 Asgregate Agarezate Gasoline. 102.05339 0188087546, 0.05126761 1 74,4553 a6 17.756.67 7,606+ E+0 E+0 382603 E+0
Teac 111 Asgregate Agarezate Diesel o 4174 0.0 1370 0,00+ E+0 E+0 0.00€+ E+0
Teac 111 Asgregate Agarezate Electricity o 3098 0.0 668 0,00+ E+0 E+0 0,00+ E+0
Teac 10T Asgregate Agarezate Plugin Hybrid 745407326 0.042046527 002154629 9.8 0.0 224 691604 E+0 E+0 200607 E+0
Teac 1] 1o Asgregate Agarezate Gasoline. 97.7265453 011184622 0.04570116 1535 308.354.96 17.6 67.085.08 3016+ E+0 E+0 141602 E+0
Teac 1] 1o Asgregate Agarezate Diesel o 0,03 67252 04 14159 0,00+ E+0 E+0 0,00+ E+0
Teac 1] 1o Asgregate Agarezate Electricity o oo 23584 o 45.93 0.00€:+ E+0 E+0 0,00+ E+0
Teac 1] 1o Asgregate Agarezate Plugin Hybrid 8093055166, 0.041958484 002146213 .04 729,60 05 6.45 5.90€ E+0 E+0 157605 E+0
Teac 11 Asgregate Agarezate Gasoline. 123.a47591 2523280406 0.12071583 0039041095 0.002970796 005236621 5.95; 11955474 T 802461 3026+ 91601 969604 6.26603 2.386.05)
Teac 111 Asgregate Agarezate Diesel 138.317728 o 0.00509812 o 0.02179201: 5 6 113,325 36 9,00032 0.00€:+ 1256400 4.596.05) 0,00+ 1.966.04
Teac 11 Asgregate Agarezate Gasoline. 14234598 2622410471 0.123550796 0037523773 0.00306220: 005383010 oo 18,101 32 122106 477601 74£.01 151604 9.79604 3.746.06
Teac 112 Asgregate Agarezate Diesel 22152432 o 0.00509812 o 0.034901248 a 36,953.04 7% 2,937.81 0,00+ = 1506 0.00€+ 103
Teac 1]y Asgregate Agarezate Gasoline. 5756303707 0.21809666. 0010416577 6 1723183 6 861591 9.92601 E+0 E+0 E+0
Teac 1MoV Asgregate Agarezate Gasoline. 119.1768169 0146480004 0052653783 19.05: 382,602.86 222 8477416 4566401 E+0 E+0 E+0
Teac 1MV Asgregate Agarezate Diesel o o o 5.907.33 3 124181 0.00€:+ E+0 E+0 E+0
Teac 1MV Asgregate Agarezate Electricity o o o 1 204.10 1 571 0,00+ E+0 E+0 E+0
Teac 1MV Asgregate Agarezate Plugin Hybrid 102.0091894) 0.041732098 0.021245564, 5 99920 6 24167 102601 E+0 E+0 E+0
Teac 1] Asgregate Agarezate Gasoline. 321328772 0038392395 0039398605 1 11566 115613 372603 E+0 E+0 E+0
Teac 1M Asgregate Agarezate Diesel o o 58,0 5 579.97 0.00€:+ E+0 E+0 E+0
Teac 1 Motor Coach Asgregate Agarezate Diesel 109072565 019876101 o 171844270 o 3 505.79 1 201 0,00+ 2.406.01 437606 3.786.05
Teac 108U Asgregate Agarezate Gasoline. 388.731146 333183554 0.1852200: 0038930351 0.004693067 0.02900214 E 312103 a 155.99 1L04E- 6.066.02 289605 732607
Teac A Asgregate Agarezate iesel o o o N N 0.00€+ 0.00E+00 0.00E+00 0.00E+00
Teac 1[s8Us Asgregate Agarezate Gasoline. 2695830966 587160379 2.4493868¢ 007307843 84147519 006480258 3 568.86 10222 3346 383601 3.486.04 3,696 1.206.05)
Teac 1s8Us Asgregate Agarezate Diesel 2258889097 0.00887072 55883897 7% 7.43824 51369 e 1166400 4.56E e 183604
Teac 1sUs Asgregate Agarezate Natural Gas 74.512653 14,1585 1387367 5 107732 74.40 Er 3186 1.05E- Er 6.486.05
Teac 176 CAIRP Class & Asgregate Agarezate Diesel 35311976 0.00285066: 7594 1 15101 661 E 4126 188 E 6.496.07
Teac 176 CAIRP Class 5 Asgregate Agarezate Diesel 4.1253102 0.002422 1197 1 205.13 893 E 5576 2166 E 8.786.07
Teac 176 CAIRP Class 6 Asgregate Agarezate Diesel 119419597 0.002673: 6411705 3 94.26 1 2586 E 1.58E 6916 E 2.496.06
Teac 176 CAIRP Class 7 Asgregate Agarezate Diesel 265108934 02619: 707046 5 285 1 47.56 Er 298¢ 1.256.07) Er 4.696-06
Teac 176 Instate Delivery Class Asgregate Agarezate Diesel 1356285 0022129244 9155 5 68.26 2 6785 Er Lase01] 150606 Er 2.286.05)
Teac 176 Instate Delivery Class Asgregate Agarezate Diesel 176.543292 0.01643311 42915282 3 64.96 1 46.60 E 101601 766607 E 160605
Teac 176 Instate Delivery Class 6 Asgregate Agarezate Diesel 148 411487 0.0137606: 48310 17.71 7% 28155 Er 6.056.01 387606 Er 953605
Teac 176 Instate Delvery Class 7 Asgregate Agarezate Diesel 244.636233 0.01354012 64335 8827 5524 Er 124601 7.486.07) Er 1.956.05)
Teac 176 Instate Delvery Class 7 Asgregate Agarezate Natural Gas 8525242 115702 5578654 203 014 Er 666604 164606 Er 136607
Teac 176 Instate Other Class 4 Asgregate Agarezate Diesel 70384527 0.02120 73455048 459185 T 397.2 E 9,426 8.426.06 E 148604
Teac 176 Instate Other Class 5 Asgregate Agarezate Diesel 93597197 0.010400085 6135717 5 10,109, 2 874.48 Er 201640 909606 Er 316604
Teac 176 Instate Other Class 6 Asgregate Agarezate Diesel 07.07038 0.0255: 63479879 a 979212 2 847.07 Er 195640 216605 Er 3.086.04
Teac 176 Instate Other Class 7 Asgregate Agarezate Diesel 193.78025; 0.019017228 77141055 3: 652139 564.13 Er 13540 107605 Er 213604
Teac 176 Instate Other Asgregate Agarezate Natural Gas 5056.12065 1234347384 1030723272 o 5481 474 Er 2,406 585605 Er 4.896-06
Teac 176 Instate Tractor Class 6 Asgregate Agarezate Diesel 228264023 0012617237 0.359630899 o 147.71 1278 E 2,926 161607 E 4.60£-06)
Teac 176 Instate Tractor Class 7 Asgregate Agarezate Diesel 237128334 0.011759434 0.373596656 377577 32662 Er 7.75¢.4 3.846.06 Er 122604
Teac 176 Instate Tractor Class 7 Asgregate Agarezate Natural Gas 34.43128; 238910028 1026301751 3270 283 E 1426 3,506 E 2.906-06
Teac A 4 Assresate Asgrezate Diesel 4.122675 967 0.008330782 8856 385 Er 2416 114 Er 379607
Teac A Asgregate Agarezate Diesel 4441612 435884 009838103 1 119.16 519 E 3246 1266 E 510607
Teac A Asgregate Agarezate Diesel 12.471058° 753918 0.096495065 2 346,09 15.06 Er 9226 4,156 Er 145606
Teac 176 005 Class 7 Asgregate Agarezate Diesel 25 886875 644988 0.098608732 3 61474 1 2. E 1676 7.08E E 264606
Teac 176 Public Class 4 Asgregate Agarezate Diesel 553 8964 12086804 0.559917829 164.29 320 Er 14£.01] 387607 Er 179605
Teac 176 Public Class 4 Asgregate Agarezate Natural Gas 417.94029° 22 3088341 1308339113 57 12 Er 2603 2.866.05 Er 168606
Teac 176 Public Class 5 Asgregate Agarezate Diesel 619.86330: 0.013611138 0570310051 308.94 602 Er 18601 8.206.07) Er 3.436.05)
Teac 176 Public Class 5 Asgregate Agarezate Natural Gas 520354077 2166496923 1320216833 2368 4.6: Er 01602 100604 Er 6.146.06
Teac 176 Public Class 6 Asgregate Agarezate Diesel 3540.20279 0.015579283 0.557774571 43057 829 E 97601 131606 E 4.686.05)




Source: EMFAC2021 (v1.0.1) Emissions Inventory

Region Type: MPO
Region: TCAG
Calendar Year: 2021
Season: Annual

Vehicle Classification: EMFAC202x Categories

Units: miles/day for VMT, trips/day for Trips, tons/day for Emissions, 1000 gallons/day for Fuel Consumption

Region |Calendar Year | Vehicle Category Model Year | Speed Fuel Population Fleet Mix (Population) VMT Fleet Mix (VMT) [Trips Fleet Mix (Trips)

TCAG 2021 All Other Buses Aggregate  Aggregate Diesel 76.2333868 0.02% 3976.38739 0.03%( 678.477143 0.03%
TCAG 2021 All Other Buses Aggregate  Aggregate Natural Gas 2.006548136 0.00%| 118.6803345 0.00%| 17.8582784 0.00%
TCAG 2021 LDA Aggregate  Aggregate Gasoline 158180.1642 42.42%| 6236136.098 43.77%| 732179.214 37.27%
TCAG 2021 LDA Aggregate  Aggregate Diesel 421.6555359 0.11%| 13275.08316 0.09%| 1791.36818 0.09%
TCAG 2021 LDA Aggregate  Aggregate Electricity 2407.423072 0.65%| 103581.0588 0.73%| 12194.8355 0.62%
TCAG 2021 LDA Aggregate  Aggregate Plug-in Hybi 2719.758236 0.73%| 131447.8763 0.92%| 11246.2003 0.57%
TCAG 2021 LDT1 Aggregate  Aggregate Gasoline 17368.15004 4.66%| 531818.1315 3.73%| 72816.5754 3.71%
TCAG 2021 LDT1 Aggregate  Aggregate Diesel 13.40320551 0.00%| 226.0807611 0.00%| 40.8227738 0.00%
TCAG 2021 LDT1 Aggregate  Aggregate Electricity 6.529525 0.00% 215.570242 0.00%| 30.3030997 0.00%
TCAG 2021 LDT1 Aggregate  Aggregate Plug-in Hybi 2.194201008 0.00%| 116.4909889 0.00%| 9.07302117 0.00%
TCAG 2021 LDT2 Aggregate  Aggregate Gasoline 65617.22346 17.60%| 2467638.181 17.32%| 301607.812 15.35%
TCAG 2021 LDT2 Aggregate  Aggregate Diesel 138.4888389 0.04%| 5805.415037 0.04%| 657.802517 0.03%
TCAG 2021 LDT2 Aggregate  Aggregate Electricity 44.92604546 0.01%| 1622.713444 0.01%| 230.676437 0.01%
TCAG 2021 LDT2 Aggregate  Aggregate Plug-in Hybi 172.5852597 0.05%| 8861.676043 0.06%| 713.640049 0.04%
TCAG 2021 LHD1 Aggregate  Aggregate Gasoline 7849.02299 2.10%| 259815.9263 1.82%| 116938.748 5.95%
TCAG 2021 LHD1 Aggregate  Aggregate Diesel 8812.191175 2.36%| 313630.9091 2.20%| 110846.279 5.64%
TCAG 2021 LHD2 Aggregate  Aggregate Gasoline 1194.342939 0.32%| 40254.42617 0.28%| 17793.9302 0.91%
TCAG 2021 LHD2 Aggregate  Aggregate Diesel 2873.526123 0.77%| 104330.7176 0.73%| 36145.3437 1.84%
TCAG 2021 MCY Aggregate  Aggregate Gasoline 8427.389158 2.26%| 45449.72865 0.32%| 16854.7783 0.86%
TCAG 2021 MDV Aggregate  Aggregate Gasoline 82919.26534 22.24% 2929300.59 20.56%| 374231.088 19.05%
TCAG 2021 MDV Aggregate  Aggregate Diesel 1214.642683 0.33%| 49479.49097 0.35%| 5778.07527 0.29%
TCAG 2021 MDV Aggregate  Aggregate Electricity 55.85319654 0.01%| 2018.672222 0.01%| 287.665736 0.01%
TCAG 2021 MDV Aggregate  Aggregate Plug-in Hybi 236.3778178 0.06%| 11220.64496 0.08%| 977.422277 0.05%
TCAG 2021 MH Aggregate  Aggregate Gasoline 1130.828516 0.30%| 9601.657907 0.07%| 113.128085 0.01%
TCAG 2021 MH Aggregate  Aggregate Diesel 567.2761507 0.15%| 4877.197406 0.03%| 56.7276151 0.00%
TCAG 2021 Motor Coach Aggregate  Aggregate Diesel 21.52838718 0.01%| 3083.912282 0.02%( 494.722337 0.03%
TCAG 2021 OBUS Aggregate  Aggregate Gasoline 152.575829 0.04%| 6335.477727 0.04%| 3052.73719 0.16%
TCAG 2021 PTO Aggregate  Aggregate Diesel 0 0.00%| 8832.473514 0.06% 0 0.00%
TCAG 2021 SBUS Aggregate  Aggregate Gasoline 139.1041809 0.04%| 6998.311841 0.05%| 556.416724 0.03%
TCAG 2021 SBUS Aggregate  Aggregate Diesel 502.450561 0.13%| 11168.44377 0.08%| 7275.48412 0.37%
TCAG 2021 SBUS Aggregate  Aggregate Natural Gas 72.77284716 0.02%| 1898.313573 0.01%| 1053.75083 0.05%
TCAG 2021 T6 CAIRP Class 4 Aggregate  Aggregate Diesel 6.46582606 0.00%| 438.8091278 0.00%| 148.584683 0.01%
TCAG 2021 T6 CAIRP Class 5 Aggregate  Aggregate Diesel 8.731045489 0.00%| 601.9672149 0.00% | 200.639425 0.01%
TCAG 2021 T6 CAIRP Class 6 Aggregate  Aggregate Diesel 25.29402199 0.01%| 1572.957555 0.01%| 581.256625 0.03%
TCAG 2021 T6 CAIRP Class 7 Aggregate  Aggregate Diesel 46.51610214 0.01%| 9866.384844 0.07%| 1068.94003 0.05%
TCAG 2021 T6 Instate Delivery Class 4 Aggregate  Aggregate Diesel 66.36827233 0.02%| 2194.868592 0.02%( 947.075246 0.05%
TCAG 2021 T6 Instate Delivery Class 5 Aggregate  Aggregate Diesel 45.57916586 0.01%| 1541.411741 0.01%( 650.414697 0.03%
TCAG 2021 T6 Instate Delivery Class 6 Aggregate  Aggregate Diesel 275.3885642 0.07%| 9376.255371 0.07%( 3929.79481 0.20%
TCAG 2021 T6 Instate Delivery Class 7 Aggregate  Aggregate Diesel 54.03120863 0.01% 2850.68982 0.02%( 771.025347 0.04%
TCAG 2021 T6 Instate Delivery Class 7 Aggregate  Aggregate Natural Gas 0.138988384 0.00%| 7.364471399 0.00%| 1.98336424 0.00%
TCAG 2021 T6 Instate Other Class 4 Aggregate  Aggregate Diesel 388.5269121 0.10%| 15210.40429 0.11% 4491.3711 0.23%
TCAG 2021 T6 Instate Other Class 5 Aggregate  Aggregate Diesel 855.3460625 0.23%| 37828.58154 0.27%( 9887.80048 0.50%
TCAG 2021 T6 Instate Other Class 6 Aggregate  Aggregate Diesel 828.534718 0.22%| 33508.44236 0.24%( 9577.86134 0.49%
TCAG 2021 T6 Instate Other Class 7 Aggregate  Aggregate Diesel 551.7902757 0.15%( 23764.55151 0.17%( 6378.69559 0.32%
TCAG 2021 T6 Instate Other Class 7 Aggregate  Aggregate Natural Gas 4.637412281 0.00%| 284.3987806 0.00% 53.608486 0.00%
TCAG 2021 T6 Instate Tractor Class 6 Aggregate  Aggregate Diesel 12.4978716 0.00%| 632.1779484 0.00%( 144.475396 0.01%
TCAG 2021 T6 Instate Tractor Class 7 Aggregate  Aggregate Diesel 319.4768087 0.09%| 19875.42242 0.14%( 3693.15191 0.19%
TCAG 2021 T6 Instate Tractor Class 7 Aggregate  Aggregate Natural Gas 2.766611815 0.00%| 219.8227035 0.00%| 31.9820326 0.00%
TCAG 2021 T6 OOS Class 4 Aggregate  Aggregate Diesel 3.76934844 0.00%| 254.0701762 0.00%| 86.6196271 0.00%
TCAG 2021 T6 O0S Class 5 Aggregate  Aggregate Diesel 5.072119344 0.00%| 348.5385938 0.00%| 116.557303 0.01%
TCAG 2021 T6 OOS Class 6 Aggregate  Aggregate Diesel 14.73092525 0.00%| 910.7413176 0.01%| 338.516662 0.02%
TCAG 2021 T6 O0S Class 7 Aggregate  Aggregate Diesel 26.16593046 0.01%| 6622.221875 0.05%| 601.293082 0.03%
TCAG 2021 T6 Public Class 4 Aggregate  Aggregate Diesel 31.32529085 0.01%| 1075.732081 0.01%| 160.698742 0.01%
TCAG 2021 T6 Public Class 4 Aggregate  Aggregate Natural Gas 1.252566354 0.00%| 52.28217616 0.00% 6.4256654 0.00%
TCAG 2021 T6 Public Class 5 Aggregate  Aggregate Diesel 58.90517015 0.02% 2193.58931 0.02%| 302.183523 0.02%
TCAG 2021 T6 Public Class 5 Aggregate  Aggregate Natural Gas 4.515271188 0.00%| 190.5467434 0.00%| 23.1633412 0.00%




[scenario

TCAG 2046 No Project - RUNEX

Source EMFAC2021 (v1.0.1) Emission Rates
Region Type MPO
Region TCAG
Calendar Year 2046
Season Annual
Vehicle Classification EMFAC202x Categories
Emissions Rate and
Vehicle Activity Units Units: miles/day for VMT, g/mile for RUNEX
[Daily vmt [ 17,128,558 |
CO, RUNEX Emissions | CH, RUNEX N,O RUNEX

Region Calendar Year Vehicle Category Model Year Speed Fuel CO, RUNEX CH, RUNEX N,O RUNEX Fleet Mix VMT per Day (tons/day) (tons/day) (tons/day)
TCAG 2046 All Other Buses Aggregate Aggregate Diesel 1027.523956 0.001656871 0.161886818 0.03% 4,329.24 4.45E+00 7.17E-06 7.01E-04
TCAG 2046 [All Other Buses Aggregate Aggregate  [Natural Gas 912.9226048 0.857196383 0.186105245 0.00% 308.41 2.82E-01 2.64E-04 5.74E-05
TCAG 2046|LDA Aggregate Aggregate  [Gasoline 232.4983008 0.000937715 0.00322952 41.64% 7,132,042.84 1.66E+03 6.69E-03 2.30E-02
TCAG 2046|LDA Aggregate Aggregate  [Diesel 184.8866559 0.000158912 0.029128968 0.02% 4,137.47 7.65E-01 6.57E-07 1.21E-04
TCAG 2046|LDA Aggregate Aggregate  [Electricity 0 0 0 5.58% 956,439.66 0.00E+00 0.00E+00 0.00E+00
TCAG 2046|LDA Aggregate Aggregate  [Plug-in Hybrid 109.2466121 0.00030976 0.000422717 1.97% 337,652.89 3.69E+01 1.05E-04 1.43E-04
TCAG 2046|LDT1 Aggregate Aggregate  [Gasoline 268.3768769 0.001021091 0.003381343 2.43% 416,668.02 1.12E+02 4.25E-04 1.41E-03
TCAG 2046|LDT1 Aggregate Aggregate  [Diesel 345.4687594 0.000449079 0.054428744 0.00% 4.88 1.69E-03 2.19E-09 2.66E-07
TCAG 2046|LDT1 Aggregate Aggregate  [Electricity 0 0 0 0.08% 12,956.59 0.00E+00 0.00E+00 0.00E+00
TCAG 2046|LDT1 Aggregate Aggregate  [Plug-in Hybrid 108.9674478 0.000307784 0.000418448 0.06% 9,903.81 1.08E+00 3.05E-06 4.14E-06
TCAG 2046|LDT2 Aggregate Aggregate  [Gasoline 285.2345393 0.001251549 0.003470033 21.21% 3,632,514.30 1.04E+03 4.55E-03 1.26E-02
TCAG 2046|LDT2 Aggregate Aggregate  [Diesel 262.1772727 0.00044724 0.041306136 0.08% 13,788.50 3.62E+00 6.17E-06 5.70E-04
TCAG 2046|LDT2 Aggregate Aggregate  [Electricity 0 0 0 0.59% 101,587.36 0.00E+00 0.00E+00 0.00E+00
TCAG 2046|LDT2 Aggregate Aggregate  [Plug-in Hybrid 109.2063091 0.000307843 0.000417719 0.58% 98,962.31 1.08E+01 3.05E-05 4.13E-05
TCAG 2046|LHD1 Aggregate Aggregate  [Gasoline 751.1402844 0.001253028 0.001857813 0.76% 130,168.81 9.78E+01 1.63E-04 2.42E-04
TCAG 2046|LHD1 Aggregate Aggregate  [Diesel 608.0141113 0.004670186 0.095792871 0.52% 88,555.90 5.38E+01 4.14E-04 8.48E-03
TCAG 2046|LHD1 Aggregate Aggregate  [Electricity 0 0 0 0.98% 167,905.88 0.00E+00 0.00E+00 0.00E+00
TCAG 2046|LHD2 Aggregate Aggregate  [Gasoline 850.2723344 0.001172669 0.002374275 0.08% 14,274.85 1.21E+01 1.67E-05 3.39E-05
TCAG 2046|LHD2 Aggregate Aggregate Diesel 713.2707938 0.006147851 0.112376104 0.25% 42,005.70 3.00E+01 2.58E-04 4.72E-03
TCAG 2046|LHD2 Aggregate Aggregate  [Electricity 0 0 0 0.23% 38,723.44 0.00E+00 0.00E+00 0.00E+00
TCAG 2046|MCY Aggregate Aggregate  [Gasoline 178.4908665 0.123210464 0.035052728 0.24% 41,696.50 7.44E+00 5.14E-03 1.46E-03
TCAG 2046|MDV Aggregate Aggregate  [Gasoline 346.6667125 0.001383075 0.003728394 12.41% 2,126,365.54 7.37E+02 2.94E-03 7.93E-03
TCAG 2046|MDV Aggregate Aggregate Diesel 346.6749716 0.000192594 0.054618783 0.14% 23,722.45 8.22E+00 4.57E-06 1.30E-03
TCAG 2046|MDV Aggregate Aggregate  [Electricity 0 0 0 0.54% 93,079.64 0.00E+00 0.00E+00 0.00E+00
TCAG 2046|MDV Aggregate Aggregate Plug-in Hybrid 109.351591 0.000307558 0.000416423 0.36% 62,279.52 6.81E+00 1.92E-05 2.59E-05
TCAG 2046|MH Aggregate Aggregate  [Gasoline 1947.469635 0.004066375 0.018758448 0.03% 4,748.06 9.25E+00 1.93E-05 8.91E-05
TCAG 2046|MH Aggregate Aggregate Diesel 1088.694362 0.004244392 0.17152424 0.02% 2,863.49 3.12E+00 1.22E-05 4.91E-04
TCAG 2046 |Motor Coach Aggregate Aggregate  [Diesel 1528.724587 0.000489033 0.240851181 0.02% 3,512.56 5.37E+00 1.72E-06 8.46E-04
TCAG 2046|0BUS Aggregate Aggregate  [Gasoline 1543.697715 0.004784705 0.016907305 0.01% 1,760.68 2.72E+00 8.42E-06 2.98E-05
TCAG 2046|0BUS Aggregate Aggregate  [Electricity 0 0 0 0.01% 2,018.23 0.00E+00 0.00E+00 0.00E+00
TCAG 2046|PTO Aggregate Aggregate Diesel 1751.381662 0.000724737 0.275930894 0.04% 6,952.76 1.22E+01 5.04E-06 1.92E-03
TCAG 2046|PTO Aggregate Aggregate  [Electricity 0 0 0 0.04% 6,559.40 0.00E+00 0.00E+00 0.00E+00
TCAG 2046|SBUS Aggregate Aggregate  [Gasoline 737.2495468 0.001981189 0.012394053 0.01% 1,921.81 1.42E+00 3.81E-06 2.38E-05
TCAG 2046|SBUS Aggregate Aggregate  [Diesel 1036.150355 0.000305625 0.16324591 0.03% 5,570.53 5.77E+00 1.70E-06 9.09E-04
TCAG 2046|SBUS Aggregate Aggregate  [Electricity 0 0 0 0.04% 6,639.53 0.00E+00 0.00E+00 0.00E+00
TCAG 2046|SBUS Aggregate Aggregate  [Natural Gas 1076.686251 2.309647194 0.219489536 0.01% 1,809.28 1.95E+00 4.18E-03 3.97E-04
TCAG 2046|T6 CAIRP Class 4 Aggregate Aggregate Diesel 1013.817986 0.000245409 0.159727437 0.00% 349.88 3.55E-01 8.59E-08 5.59E-05
TCAG 2046|T6 CAIRP Class 4 Aggregate Aggregate  [Electricity 0 0 0 0.00% 510.94 0.00E+00 0.00E+00 0.00E+00
TCAG 2046|T6 CAIRP Class 5 Aggregate Aggregate Diesel 1014.090897 0.000245742 0.159770434 0.00% 480.58 4.87E-01 1.18E-07 7.68E-05
TCAG 2046|T6 CAIRP Class 5 Aggregate Aggregate  [Electricity 0 0 0 0.00% 700.31 0.00E+00 0.00E+00 0.00E+00
TCAG 2046|T6 CAIRP Class 6 Aggregate Aggregate Diesel 1013.087843 0.00024501 0.159612402 0.01% 1,251.56 1.27E+00 3.07e-07 2.00E-04
TCAG 2046|T6 CAIRP Class 6 Aggregate Aggregate  [Electricity 0 0 0 0.01% 1,834.12 0.00E+00 0.00E+00 0.00E+00
TCAG 2046|T6 CAIRP Class 7 Aggregate Aggregate Diesel 895.4099955 0.0002644 0.141072209 0.09% 14,634.80 1.31E+01 3.87E-06 2.06E-03
TCAG 2046|T6 CAIRP Class 7 Aggregate Aggregate  [Electricity 0 0 0 0.03% 4,720.13 0.00E+00 0.00E+00 0.00E+00
TCAG 204676 Instate Delivery Class 4 Aggregate Aggregate  [Diesel 1042.503708 0.000277556 0.164246884 0.01% 1,995.96 2.08E+00 5.54E-07 3.28E-04
TCAG 2046|T6 Instate Delivery Class 4 Aggregate Aggregate  [Electricity 0 0 0 0.01% 2,309.73 0.00E+00 0.00E+00 0.00E+00
TCAG 204676 Instate Delivery Class 5 Aggregate Aggregate  [Diesel 1043.39349 0.000277692 0.164387069 0.01% 1,400.40 1.46E+00 3.89E-07 2.30E-04
TCAG 2046|T6 Instate Delivery Class 5 Aggregate Aggregate  [Electricity 0 0 0 0.01% 1,623.39 0.00E+00 0.00E+00 0.00E+00
TCAG 204676 Instate Delivery Class 6 Aggregate Aggregate  [Diesel 1043.128554 0.00027881 0.164345328 0.05% 8,514.66 8.88E+00 2.37E-06 1.40E-03
TCAG 2046|T6 Instate Delivery Class 6 Aggregate Aggregate  [Electricity 0 0 0 0.06% 9,878.78 0.00E+00 0.00E+00 0.00E+00
TCAG 204676 Instate Delivery Class 7 Aggregate Aggregate  [Diesel 1054.661185 0.000411602 0.166162299 0.02% 3,270.01 3.45E+00 1.35E-06 5.43E-04
TCAG 2046|T6 Instate Delivery Class 7 Aggregate Aggregate  [Electricity 0 0 0 0.01% 2,269.31 0.00E+00 0.00E+00 0.00E+00
TCAG 204676 Instate Delivery Class 7 Aggregate Aggregate  [Natural Gas 1017.971575 0.872876854 0.207520165 0.00% 67.33 6.85E-02 5.88E-05 1.40E-05
TCAG 2046|T6 Instate Other Class 4 Aggregate Aggregate  [Diesel 1010.662878 0.000251338 0.159230348 0.08% 13,445.93 1.36E+01 3.38E-06 2.14E-03
TCAG 204676 Instate Other Class 4 Aggregate Aggregate  [Electricity 0 0 0 0.10% 16,392.40 0.00E+00 0.00E+00 0.00E+00




[scenario

TCAG 2046 No Project - STREX and IDLEX

Source EMFAC2021 (v1.0.1) Emission Rates
Region Type MPO
Region TCAG
Calendar Year 2046
Season Annual
Vel EMFAC202x Categories
Emissions Rate and | Units: trips/day for Trips, g/trip for STREX, g/vehicle/day for

Units_[1DLEX
[Daily Vehicles | 406,239 |

Fleet Mix (by Fleet Mix (by Vehicle €O, STREX Emissions | CO, IDLEX Emissions | CH, STREX Emissions | CH, IDLEX Emissions | N,0 STREX Emissions | N,0 IDLEX Emissions
Region Calendar Year Vehicle Category. Model Year Speed Fuel €O, IDLEX €O, STREX CH, IDLEX CH, STREX N0 IDLEX N,O STREX | Vehicle Trips) | Vehicle Trips per Day Population) Vehicles per Day. (tons/day) (tons/day) (tons/day) (tons/day) (tons/day) (tons/day)

TcAG 2046 |All Other Buses Aggregate Aggregate | Diesel 547.0079545 o] 0.00241929 0 0 0.04% 87631 0.02% 9841 0.00E+00 538602 0.00E+00 238607 0.00E+00 8.48E.06)
TcAG 2046 |All Other Buses Aggregate Aggregate | Natural Gas 116819704 o[ 3410458847 0| 0238144609 0 0.00% 66.81 0.00% 7.50 0.00E+00 876603 0.00€+00 257605 0.00€:00 1.79€-06
TCAG 2046 L Aggregate Aggregate |Gasoline o 988291 o 003190167 o] 0026256163 36.70% 777.906.56 4147% 168,085.51 4366401 0.00E+00 248602 0.00E+00 2.04£02 0.00E+00
TcAG 2046 |LDA Aggregate Aggregate [ Diesel [ 0 [ [ o 0.02% 468.77 0.03% 10415 0.00E+00 0.00£+00 0.00E+00 0.00E+00 0.00+00 0.00E+00
TcAG 2046 [1DA Aggregate Aggregate | Electricity 3 o 3 o 3 0 5.06% 107,275.49 5.66% 22,980.57 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
TcAG 2046 |LDA Aggregate [Aggregate |Plug:in Hybrid o| 5805865237 o] 0039680007 o] 001928103 1.55% 32,770.57 1.95% 7,920.77 1.90E+00 0.00E+00 130603 0.00£+00 6.326-04 0.00£+00
TcAG 2046 [1DT1 Aggregate Aggregate | Gasoline o & 08 o] o03aa57102 o] 0027688839 2.28% 48,32016 2.68% 10,742.31 3.16E+00 0.00E+00 166E.03 0.00+00 134£03 0.00E+00
TcAG 2046 |LDT1 Aggregate Aggregate [ Diesel 3 0 [ 0 [ ] 0.00% 056 0.00% 012 0.00E+00 0.00£+00 0.00E+00 0.00E+00 0.00€+00 0.00E+00
TcAG 2046 10T Aggregate Aggregate | Electricity 3 o 3 o 3 0 007% 1,445.08 0.08% 30871 0.00E+00 0.00E+00 0.00£+00 0.00E+00 0.00E+00 0.00E+00
TcAG 2046 |LDT1 Aggregate [Aggregate | Plug-in Hybrid o] 6659087989 0 0.0396052 o] 0019207604 0.05% 98121 0.06% 237.16 653602 0.00E+00 3.896-05 0.00E+00 1.88-05 0.00€:00
TcAG 2046|1012 Aggregate Aggregate | Gasoline o| 7035801044 o] 0041426105 o] 0031209701 1951% 41361964 22.25% 90,396.82 2.91E+01 0.00E+00 171602 0.00E+00 129602 0.00+00
TcAG 2046 |1DT2 Aggregate Aggregate [ Diesel 3 [ 0 [ ] 0.07% 1,563.12 0.08% 339.20 0.00E+00 0.00£+00 0.00E+00 0.00E+00 0.00+00 0.00E+00
TcAG 2046|1012 Aggregate Aggregate | Electricity 3 o 3 o 3 0 077% 1637872 0.86% 349979 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
TcAG 2046 |1DT2 Aggregate [Aggregate |Plug:in Hybrid o 716994694 o] 0039524311 o] 0019130101 0.47% 9,985.64 0.59% 241357 7.166-01 0.00€+00] 3.956-04 0.00€+00] 1.916-04 0.00£+00
TcAG 2046 [LHDL Aggregate Aggregate | Gasoline 107.9913581]  23.60643091| 0085292379| 0020098342| _0.002495912| 0040064456 2.52% 53,314.69 0.88% 3,57654 1.26E+00 386601 107603 3.05£04 214603 8.93E.06)
TcAG 2046 [LHD1 Aggregate Aggregate | Diesel 119.9239949 00050981 0| 0018894074 0 1.59% 33,798.50 0.66% 2,685.46 0.00E+00 322601 0.00+00 137605 0.00€:00 507605
TcAG 2046 [LHD1 Aggregate Aggregate | Electricity o 0 o o o 0 241% 51,03122 0.89% 362808 0.00E+00 0.00E+00 0.00£+00 0.00E+00 0.00E+00 0.00E+00
TcAG 2046 [LHD2 Aggregate Aggregate | Gasoline 1252608354] 23.42167277]  0.07828031] 0018406915 003663021 029% 6,063.41 0.10% 406.76 142601 5.106-02 112604 318605 222604 922607
TcAG 2046 [1HD2 Aggregate Aggregate | Diesel 196837153 00050981 o] 0031011774 0 0.79% 16,779.48 033% 133322 0.00E+00] 262601 0.00E+00 6.80E.06 0.00E+00 4.13E05
TcAG 2046 [LHD2 Aggregate Aggregate | Electricity o o 0 [ 0 054% 11362.86 021% 858.18 0.00E+00 0.00€+00 0.00E+00 0.00E+00 0.00€+00 0.00E+00
TcAG 2046 | mcy Aggregate Aggregate | Gasoline o| 3790669589 o] o13a8aa753 o] oovazsaiis 0.70% 14,905.07 183% 7.448.41 565601 0.00E+00 201603 0.00E+00 7.09E05 0.00E+00
TcAG 2046 | MDV. Aggregate Aggregate | Gasoline o| 8668942069 o] 0045800903 o 003862614 11.72%) 248,446 24 1365% 55,438.40 2.156+01 0.00€+00 114602 0.00+00 816603 0.00+00
TcAG 2046 [ MDY Aggregate Aggregate | Diesel 3 0 o 0 o o 013% 281679 0.16% 636.25 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
TcAG 2046 | MDV Aggregate Aggregate | Electricit [ [ 0 o ] 071% 15127.28 0.80% 3,24656 0.00E+00 0.00€+00 0.00E+00 0.00E+00 0.00€+00 0.00£+00
TcAG 2046 [ MDY Aggregate Aggregate | Plugin Hybrid o| s7.41268413 o 00394255 o] 0019035731 030% 641236 038% 1,549.89 561601 0.00E+00 253604 0.00E+00 122608 0.00E+00
TcAG 2046 | M Aggregate Aggregate | Gasoline o] 2994307286 o] 003218350: o] o0aasa3038 0.00% 41.96 0.10% 419.19 1.26£-03 0.00E+00 135606 0.00E+00 1.876-06 0.00€:00
TcAG 2046 [ MH Aggregate Aggregate | Diesel 3 0 o 0 o o 0.00% 3026 0.07% 30239 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
TcAG 2046 | Motor Coach Aggregate Aggregate [ Diesel 8334.136335 o[ 0185553219 o] 1313046574 0 003% 636.08 0.01% 2766 0.00E+00 231601 0.00€+00 5.136-06) 0.00€:00 363605
TcAG 2046 | 0BUS Aggregate Aggregate | Gasoline 350.8041853|  27.99226377| 0.190410415| 0030478003 0024875832 0.05% 1,046.98 0.01% 5230 29302 1.84E02 319605 9.96E-06 260605 2.04£-07)
TcAG 2046|0BUS Aggregate Aggregate | Electricity 0 o o o 3 0 003% 583.84 0.01% 29.16 0.00E+00 0.00€+00 0.00E+00 0.00E+00 0.00+00 0.00E+00
TcAG 2046 [PTO Aggregate Aggregate | Diesel o 0 o 0 o 0 0.00% - 0.00% - 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00£+00
TcAG 2046 [PTO Aggregate Aggregate | Electricity o 0 [ o 3 0 0.00% - 0.00% - 0.00E+00 0.00€+00 0.00E+00 0.00E+00 0.00+00 0.00£+00
TcAG 2046 [5BUS Aggregate Aggregate | Gasoline 2375.864138]__50.75731409 19| 0068788284 00707055 __0.0687258: 0.01% 142.20 0.01% 3555 7.22603 845602 .79E-06 8.98E-05 5.78E-06) 2.516-06]
TcAG 2046 [5BUS Aggregate Aggregate [ Diesel 1859809 o[ 0007748371 o[ 029301379 0 019% 394451 0.07% 27226 0.00E+00 5.06E-01 0.00€+00 211606 0.00+:00 7.98E-05
TcAG 2046 [5BUS Aggregate Aggregate | Electricity o 0 o 0 o o 0.16% 337081 0.06% 24582 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
TcAG 2046 5BUS Aggregate Aggregate |Natural Gas 4316467411 0| 12.06952948] o| 0879940119 0 0.06% 1,306.49 0.02% 9018 0.00E+00 3.896-01 0.00€+00 1.096-03 0.00€:00 7.94E-05
TcAG 20466 CAIRP Class 4 Aggregate Aggregate | Diesel 9 0 0 0 001% 10932 0.00% 475 0.00E+00 244603 0.00+00 1.09E.08 0.00E+00 3.84E.07
TcAG 204616 CAIRP Class 4 Aggregate Aggregate | Electricity o o 0 001% 15106 0.00% 657 0.00E+00 0.00€+00 0.00E+00 0.00E+00 0.00+00 0.00E+00
TcAG 20466 CAIRP Class 5 Aggregate Aggregate | Diesel 512.9436837 0| 0.002291406] 0| 0080814486 0 0.01% 13432 0.00% 584 0.00E+00 3.00603 0.00E+00 134E08 0.00+00 4.72607)
TcAG 204616 CAIRP Class 5 Aggregate Aggregate | Electricity o o 0 001% 18507 0.00% 805 0.00E+00 0.00€+00 0.00E+00 0.00E+00 0.00+00 0.00£+00
TcAG 20466 CAIRP Class 6 Aggregate Aggregate | Diesel 12.0825119 0| 00022013 0 0 003% 61028 0.01% 2654 0.00E+00 136E02 0.00E+00 6.08£.08] 0.00+00 2.14E06
TcAG 20466 CAIRP Class 6 Aggregate Aggregate | Electricity o o 0 0.04% 84813 0.01% 36.89 0.00E+00 0.00€+00 0.00E+00 0.00E+00 0.00+00 0.00£+00
TCAG 2046[T6 CAIRP Class 7 Aggregate Aggregate [Diesel 5014718158 o[ _o.0022013 o[ 0079007089 0 0.08% 162938 0.02% 70.86 0.00E+00 355602 0.00E+00 162E07 0.00E+00 5.60E.06
TcAG 20466 CAIRP Class 7 Aggregate Aggregate | Electricity o o 0 002% 506.76 0.01% 2204 0.00E+00 0.00€+00 0.00E+00 0.00E+00 0.00+00 0.00E+00
TcAG 204616 Instate Delivery Class 4 Aggregate Aggregate | Diesel 1749639374 0| 0007729409 o] _0.2756563% o 0.04% 859.37 0.01% 6019 0.00E+00] 1.05E-01 0.00£+00 4.656-07 0.00£+00 1.66E-05
TcAG 2046 [T6 Instate Delivery Class 4 Aggregate Aggregate | Electricity o 0 0 0 0.04% 93038 0.02% 65.16 0.00E+00 0.00€+00 0.00E+00 0.00E+00 0.00+00 0.00£+00
TcAG 2046 [T6 Instate Delivery Class 5 Aggregate Aggregate | Diesel 1751.264444] 0| 0007729366 o| 0275912426 0 003% 602.72 0.01% 4221 0.00E+00 7.39602 0.00+00 3.26E07 0.00E+00 116E05
TcAG 2046 [T6 Instate Delivery Class 5 Aggregate Aggregate | Electricity o 0 0 0 0.03% 653.93 0.01% 4580 0.00E+00 0.00€+00 0.00E+00 0.00E+00 0.00€+00 0.00£+00
TcAG 2046 [T6 Instate Delivery Class 6 Aggregate Aggregate | Diesel 1750.857961 o| 0007729733 o| 0275848385 0 017% 3,665.13 0.06% 256.70 0.00E+00 4.49E01 0.00E+00 1.98E.06 0.00+00 7.08E05
TcAG 2046 [T6 Instate Delivery Class 6 Aggregate Aggregate | Electricity o 0 0 0 0.19% 3,985.87 0.07% 279.16 0.00E+00 0.00€+00 0.00E+00 0.00E+00 0.00+00 0.00£+00
TcAG 2046 [T6 Instate Delivery Class 7 Aggregate Aggregate | Diesel 1827310019 0| 0007751037, o| 0287893438 0 0.04% 91523 0.02% 64.10 0.00E+00 117601 0.00+00 497607 0.00E+00 185E05
TcAG 2046 [T6 Instate Delivery Class 7 Aggregate Aggregate | Electricity o 0 0 0 0.03% 60271 0.01% 4221 0.00E+00 0.00€+00 0.00E+00 0.00E+00 0.00€+00 0.00£+00
TcAG 2046 [T6 Instate Delivery Class 7 Aggregate Aggregate | Natural Gas 4330600492 o| 1140117915 o] ossasn2 0 0.00% 1853 0.00% 130 0.00E+00 562603 0.00+00 148E.05 0.00E+00 115E06
TcAG 204616 Instate Other Class 4 Aggregate Aggregate | Diesel 1883.104844 0 o] 0.2966 0 0.19% 397166 0.08% 34338 0.00E+00 647601 0.00€+00 2.856-06) 0.00€:00 1.02E-04
TcAG 204616 Instate Other Class 4 Aggregate Aggregate | Flectricity o 0 o o o 0 0.20% 4,300.90 0.09% 37219 0.00E+00 0.00E+00 0.00E+00 0.00E+00) 0.00E+00 0.00E+00




|SCENARIO TCAG 2046 RTP/SCS - RUNEX
Source EMFAC2021 (v1.0.1) Emission Rates
Region Type MPO
Region TCAG
Calendar Year 2046
Season Annual
Vehicle Classification EMFAC202X Categories
Emissions Rate and Units: miles/day for CVMT and EVMT, trips/day for
Vehicle Activity Units | Trips, g/mile for RUNEX, PMBW and PMTW, g/trip
[Daily vmt [ 16,892,980 |
CO, RUNEX Emissions | CH, RUNEX N,O RUNEX

Region Calendar Year Vehicle Category Model Year Speed Fuel CO, RUNEX CH, RUNEX N,O RUNEX Fleet Mix VMT per Day (tons/day) (tons/day) (tons/day)
TCAG 2046 All Other Buses Aggregate Aggregate  [Diesel 1027.523956 0.001656871 0.161886818 0.03% 4,269.69 4.39E+00 7.07E-06 6.91E-04
TCAG 2046 [All Other Buses Aggregate Aggregate  [Natural Gas 912.9226048 0.857196383 0.186105245 0.00% 304.17 2.78E-01 2.61E-04 5.66E-05
TCAG 2046|LDA Aggregate Aggregate  [Gasoline 232.4983008 0.000937715 0.00322952 41.64% 7,033,952.13 1.64E+03 6.60E-03 2.27E-02
TCAG 2046|LDA Aggregate Aggregate  [Diesel 184.8866559 0.000158912 0.029128968 0.02% 4,080.57 7.54E-01 6.48E-07 1.19E-04
TCAG 2046|LDA Aggregate Aggregate  [Electricity 0 0 0 5.58% 943,285.24 0.00E+00 0.00E+00 0.00E+00
TCAG 2046|LDA Aggregate Aggregate  [Plug-in Hybrid 109.2466121 0.00030976 0.000422717 1.97% 333,008.98 3.64E+01 1.03E-04 1.41E-04
TCAG 2046|LDT1 Aggregate Aggregate  [Gasoline 268.3768769 0.001021091 0.003381343 2.43% 410,937.37 1.10E+02 4.20E-04 1.39E-03
TCAG 2046|LDT1 Aggregate Aggregate  [Diesel 345.4687594 0.000449079 0.054428744 0.00% 4.82 1.66E-03 2.16E-09 2.62E-07
TCAG 2046|LDT1 Aggregate Aggregate  [Electricity 0 0 0 0.08% 12,778.39 0.00E+00 0.00E+00 0.00E+00
TCAG 2046|LDT1 Aggregate Aggregate  [Plug-in Hybrid 108.9674478 0.000307784 0.000418448 0.06% 9,767.60 1.06E+00 3.01E-06 4.09E-06
TCAG 2046|LDT2 Aggregate Aggregate  [Gasoline 285.2345393 0.001251549 0.003470033 21.21% 3,582,554.43 1.02E+03 4.48E-03 1.24E-02
TCAG 2046|LDT2 Aggregate Aggregate  [Diesel 262.1772727 0.00044724 0.041306136 0.08% 13,598.86 3.57E+00 6.08E-06 5.62E-04
TCAG 2046|LDT2 Aggregate Aggregate  [Electricity 0 0 0 0.59% 100,190.18 0.00E+00 0.00E+00 0.00E+00
TCAG 2046|LDT2 Aggregate Aggregate  [Plug-in Hybrid 109.2063091 0.000307843 0.000417719 0.58% 97,601.23 1.07E+01 3.00E-05 4.08E-05
TCAG 2046|LHD1 Aggregate Aggregate  [Gasoline 751.1402844 0.001253028 0.001857813 0.76% 128,378.53 9.64E+01 1.61E-04 2.39E-04
TCAG 2046|LHD1 Aggregate Aggregate  [Diesel 608.0141113 0.004670186 0.095792871 0.52% 87,337.95 5.31E+01 4.08E-04 8.37E-03
TCAG 2046|LHD1 Aggregate Aggregate  [Electricity 0 0 0 0.98% 165,596.58 0.00E+00 0.00E+00 0.00E+00
TCAG 2046|LHD2 Aggregate Aggregate  [Gasoline 850.2723344 0.001172669 0.002374275 0.08% 14,078.52 1.20E+01 1.65E-05 3.34E-05
TCAG 2046|LHD2 Aggregate Aggregate Diesel 713.2707938 0.006147851 0.112376104 0.25% 41,427.98 2.95E+01 2.55E-04 4.66E-03
TCAG 2046|LHD2 Aggregate Aggregate  [Electricity 0 0 0 0.23% 38,190.85 0.00E+00 0.00E+00 0.00E+00
TCAG 2046|MCY Aggregate Aggregate  [Gasoline 178.4908665 0.123210464 0.035052728 0.24% 41,123.02 7.34E+00 5.07E-03 1.44E-03
TCAG 2046|MDV Aggregate Aggregate  [Gasoline 346.6667125 0.001383075 0.003728394 12.41% 2,097,120.53 7.27E+02 2.90E-03 7.82E-03
TCAG 2046|MDV Aggregate Aggregate Diesel 346.6749716 0.000192594 0.054618783 0.14% 23,396.19 8.11E+00 4.51E-06 1.28E-03
TCAG 2046|MDV Aggregate Aggregate  [Electricity 0 0 0 0.54% 91,799.47 0.00E+00 0.00E+00 0.00E+00
TCAG 2046|MDV Aggregate Aggregate Plug-in Hybrid 109.351591 0.000307558 0.000416423 0.36% 61,422.96 6.72E+00 1.89E-05 2.56E-05
TCAG 2046|MH Aggregate Aggregate  [Gasoline 1947.469635 0.004066375 0.018758448 0.03% 4,682.75 9.12E+00 1.90E-05 8.78E-05
TCAG 2046|MH Aggregate Aggregate Diesel 1088.694362 0.004244392 0.17152424 0.02% 2,824.11 3.07E+00 1.20E-05 4.84E-04
TCAG 2046 |Motor Coach Aggregate Aggregate  [Diesel 1528.724587 0.000489033 0.240851181 0.02% 3,464.25 5.30E+00 1.69E-06 8.34E-04
TCAG 2046|0BUS Aggregate Aggregate  [Gasoline 1543.697715 0.004784705 0.016907305 0.01% 1,736.47 2.68E+00 8.31E-06 2.94E-05
TCAG 2046|0BUS Aggregate Aggregate  [Electricity 0 0 0 0.01% 1,990.48 0.00E+00 0.00E+00 0.00E+00
TCAG 2046|PTO Aggregate Aggregate Diesel 1751.381662 0.000724737 0.275930894 0.04% 6,857.14 1.20E+01 4.97E-06 1.89E-03
TCAG 2046|PTO Aggregate Aggregate  [Electricity 0 0 0 0.04% 6,469.18 0.00E+00 0.00E+00 0.00E+00
TCAG 2046|SBUS Aggregate Aggregate  [Gasoline 737.2495468 0.001981189 0.012394053 0.01% 1,895.38 1.40E+00 3.76E-06 2.35E-05
TCAG 2046|SBUS Aggregate Aggregate  [Diesel 1036.150355 0.000305625 0.16324591 0.03% 5,493.92 5.69E+00 1.68E-06 8.97E-04
TCAG 2046|SBUS Aggregate Aggregate  [Electricity 0 0 0 0.04% 6,548.21 0.00E+00 0.00E+00 0.00E+00
TCAG 2046|SBUS Aggregate Aggregate  [Natural Gas 1076.686251 2.309647194 0.219489536 0.01% 1,784.40 1.92E+00 4.12E-03 3.92E-04
TCAG 2046|T6 CAIRP Class 4 Aggregate Aggregate Diesel 1013.817986 0.000245409 0.159727437 0.00% 345.07 3.50E-01 8.47E-08 5.51E-05
TCAG 2046|T6 CAIRP Class 4 Aggregate Aggregate  [Electricity 0 0 0 0.00% 503.91 0.00E+00 0.00E+00 0.00E+00
TCAG 2046|T6 CAIRP Class 5 Aggregate Aggregate Diesel 1014.090897 0.000245742 0.159770434 0.00% 473.97 4.81E-01 1.16E-07 7.57E-05
TCAG 2046|T6 CAIRP Class 5 Aggregate Aggregate  [Electricity 0 0 0 0.00% 690.67 0.00E+00 0.00E+00 0.00E+00
TCAG 2046|T6 CAIRP Class 6 Aggregate Aggregate Diesel 1013.087843 0.00024501 0.159612402 0.01% 1,234.35 1.25E+00 3.02E-07 1.97E-04
TCAG 2046|T6 CAIRP Class 6 Aggregate Aggregate  [Electricity 0 0 0 0.01% 1,808.89 0.00E+00 0.00E+00 0.00E+00
TCAG 2046|T6 CAIRP Class 7 Aggregate Aggregate Diesel 895.4099955 0.0002644 0.141072209 0.09% 14,433.52 1.29E+01 3.82E-06 2.04E-03
TCAG 2046|T6 CAIRP Class 7 Aggregate Aggregate  [Electricity 0 0 0 0.03% 4,655.21 0.00E+00 0.00E+00 0.00E+00
TCAG 204676 Instate Delivery Class 4 Aggregate Aggregate  [Diesel 1042.503708 0.000277556 0.164246884 0.01% 1,968.51 2.05E+00 5.46E-07 3.23E-04
TCAG 2046|T6 Instate Delivery Class 4 Aggregate Aggregate  [Electricity 0 0 0 0.01% 2,277.96 0.00E+00 0.00E+00 0.00E+00
TCAG 204676 Instate Delivery Class 5 Aggregate Aggregate  [Diesel 1043.39349 0.000277692 0.164387069 0.01% 1,381.14 1.44E+00 3.84E-07 2.27E-04
TCAG 2046|T6 Instate Delivery Class 5 Aggregate Aggregate  [Electricity 0 0 0 0.01% 1,601.06 0.00E+00 0.00E+00 0.00E+00
TCAG 204676 Instate Delivery Class 6 Aggregate Aggregate  [Diesel 1043.128554 0.00027881 0.164345328 0.05% 8,397.56 8.76E+00 2.34E-06 1.38E-03
TCAG 2046|T6 Instate Delivery Class 6 Aggregate Aggregate  [Electricity 0 0 0 0.06% 9,742.91 0.00E+00 0.00E+00 0.00E+00
TCAG 204676 Instate Delivery Class 7 Aggregate Aggregate  [Diesel 1054.661185 0.000411602 0.166162299 0.02% 3,225.04 3.40E+00 1.33E-06 5.36E-04
TCAG 2046|T6 Instate Delivery Class 7 Aggregate Aggregate  [Electricity 0 0 0 0.01% 2,238.10 0.00E+00 0.00E+00 0.00E+00
TCAG 204676 Instate Delivery Class 7 Aggregate Aggregate  [Natural Gas 1017.971575 0.872876854 0.207520165 0.00% 66.41 6.76E-02 5.80E-05 1.38E-05
TCAG 2046|T6 Instate Other Class 4 Aggregate Aggregate  [Diesel 1010.662878 0.000251338 0.159230348 0.08% 13,261.00 1.34E+01 3.33E-06 2.11E-03
TCAG 204676 Instate Other Class 4 Aggregate Aggregate  [Electricity 0 0 0 0.10% 16,166.94 0.00E+00 0.00E+00 0.00E+00




[scenario TCAG 2046 RTP/SCS - STREX and IDLEX
Source EMFAC2021 (v1.0.1) Emission Rates
Region Type MPO
Region TCAG
Calendar Year 2046
Season Annual
Vehicle Classification | EMFAC202X Categories
Emissions Rateand | Units: miles/day for CVMT and EVMI, trips/day
Vehicle Units _|for Trips, g/mile for RUNEX, PMBW and PMTW,
Fleet Mix (by Fleet Mix (by Vehicle €O, STREX Emissions | CO, IDLEX Emissions | CH, STREX Emissions | _CH, IDLEX Emissions | N,0 STREX Emissions | N0 IDLEX Emissions.

Region Calendar Year Vehicle Category Model Year Speed Fuel O, IDLEX 0, STREX CH, IDLEX CH, STREX. N,0 IDLEX. N,OSTREX | Vehicle Trips) | Vehicle Trips per Day Population) Vehicles per Day (tons/day) (tons/day) (tons/day) (tons/day) (tons/day) (tons/day)
TcAG 2046 |All Other Buses Aggregate Aggregate | Diesel 547.0080) 0.0000 0.0024 0.0000 0.0862 0.0000 0.04% 864.26 0.02% 97.05 0.00E+00] 531602 0.00E+00] 235607 0.00E+00) 8.36E-06
TcAG 2046 [All Other Buses Aggregate Aggregate | Natural Gas 1168.1970 0.0000 3.4195 0.0000 0.2381 0.0000 0.00% 65.89 0.00% 7.40 0.00E+00] 864603 0.00E+00) 253605 0.00E+00] 176606
TcAG 2046 DA Aggregate Aggregate | Gasoline 0.0000] 55.9883 0.0000 00319 0.0000 0.0263 36.70% 767,207.66 a1.47% 166,168.21 4306401 0.00E+00 245602 0.00E+00 201602 0.00+00
TcAG 2046 DA Aggregate Aggregate | Diesel 0.0000] 0.0000] 0.0000 0.0000 0.0000 0.0000 0.02% 46232 0.03% 10272 0.00E+00] 0.00+00 0.00E+00] 0.00+00 0.00E+00] 0.00E+00
TcAG 2046 DA Aggregate Aggregate | Electricity 0.0000] 0.0000 0.0000 0.0000 0.0000 0.0000 5.06% 105,800.08 5.66% 22,668.44 0.00E+00] 0.00+00 0.00E+00] 0.00E+00 0.00E+00] 0.00E+00
TcAG 2046 DA Aggregate [Ageregate |Plug-in Hybrid 0.0000] 58.0587. 0.0000 0.0397 0.0000 00193 1.55% 3231986 1.95%) 781183 1886400 0.00E+00 128603 0.00E+00 6.236.04) 0.00E+00
TcAG 2046 [LDTL Aggregate Aggregate | Gasoline 0.0000] 65.2950. 0.0000 0.0345 0.0000 0.0277 2.28% 47,655.59 2.64% 10,594.56 3.11E400) 0.00+00 164603 0.00E+00 132603 0.00E+00
TcAG 2046 [LDTL Aggregate Aggregate | Diesel 0.0000] 0.0000] 0.0000 0.0000 0.0000 0.0000 0.00% 055 0.00% 012 0.00E+00) 0.00E+00 0.00E+00] 0.00E+00 0.00E+00] 0.00+00
TcAG 2046 [LDTL Aggregate Aggregate | Electricity 0.0000] 0.0000 0.0000 0.0000 0.0000 0.0000 0.07% 142521 0.08%) 304.46 0.00E+00] 0.00+00 0.00E+00] 0.00+00 0.00E+00] 0.00E+00
TcAG 2046 [LDTL Aggregate Ageregate |Plug-in Hybrid 0.0000] 66.5909) 0.0000 0,039 0.0000 00192 0.05% 967.71 0.06% 23390 6.44E.02 0.00+00 3.83£.05 0.00E+00 186605 0.00E+00
TcAG 2046 [LDT2 Aggregate Aggregate | Gasoline 0.0000] 703580 0.0000 0.0414 0.0000 0.0312 19.51%) 407,930.95 22.25% 89,153.53 2876401 0.00+00 169602 0.00E+00 127602 0.00E+00
TcAG 2046 [LDT2 Aggregate Aggregate | Diesel 0.0000] 0.0000] 0.0000 0.0000 0.0000 0.0000 0.07% 1,541.62 0.08%) 334.53 0.00E+00] 0.00+00 0.00E+00] 0.00+00 0.00E+00] 0.00+00
TcAG 2046 [LDT2 Aggregate Aggregate | Electricity 0.0000] 0.0000 0.0000 0.0000 0.0000 0.0000 0.77% 16,153.45 0.86% 345165 0.00E+00] 0.00E+00 0.00E+00) 0.00E+00 0.00E+00] 0.00+00
TcAG 2046 [LDT2 Aggregate Ageregate _|Plug-in Hybrid 0.0000] 716995 0.0000 0.0395 0.0000 0.0191 0.47% 9,848.30 0.59%) 2,380.37 7.06E-01 0.00+00 3.89E.04) 0.00E+00 188604 0.00E+00
TcAG 2046 LHDL Aggregate Aggregate | Gasoline 107.9914 23,6064, 0.0853 0.0201 0.0025 0.0401 2.52% 52,581.43 0.88% 3,527.35 1.24€400 381601 106603 3.01E:04 211603 880606
TcAG 2046 [LHDL Aggregate Aggregate | Diesel 1199240 0.0000 0.0051 0.0000 0.0189 0.0000 1.50% 33,333.66 0.66% 264853 0.00E+00] 318601 0.00E+00) 135605 0.00E+00] 500605
TcAG 2046 LHDL Aggregate Aggregate | Electricity 0.0000] 0.0000 0.0000 0.0000 0.0000 0.0000 2.41% 50,329.36 0.89% 3,578.18 0.00E+00] 0.00E+00 0.00E+00] 0.00E+00 0.00E+00] 0.00E+00
TcAG 2046 LHD2 Aggregate Aggregate | Gasoline 125.2608 23.4217) 0.0783 0.0184 0.0023 0.0366 0.29% 5,980.02 0.10%) 40116 140601 500602 110604 314£05 219604 9.09E-07
TcAG 2046 LHD2 Aggregate Aggregate | Diesel 1968372 0.0000 0.0051 0.0000 0.0310 0.0000 0.79% 16,548.70 0.33% 131488 0.00E+00] 259601 0.00E+00] 6.70E-06 0.00E+00] 4.08E.05
TcAG 2046 LHD2 Aggregate Aggregate | Electricity 0.0000) 0.0000 0.0000 0.0000 0.0000 0.0000 0.54% 11,206.58 0.21% 84638 0.00E+00] 0.00+00 0.00E+00] 0.00+00 0.00E+00] 0.00+00
TcAG 2046 [McY Agaregate Aggregate | Gasoline 0.0000] 37.9067 0.0000 0.1348 0.0000 0.0048 0.70% 14,700.08 1.83%) 7,345.9 557601 0.00+00 198603 0.00E+00 6.99E.05 0.00E+00
TcAG 2046 MDY Aggregate Aggregate | Gasoline 0.0000] 86,6894, 0.0000 0.0458 0.0000 0.0329 11.72%) 245,029.25 13.65%) 54,675.91 2.126+01 0.00E+00 112602 0.00E+00 8.05£.03 0.00E+00
TcAG 2046 MDY Aggregate Aggregate | Diesel 0.0000] 00000 0.0000 0.0000 0.0000 0.0000 0.13% 2,778.05 0.16%) 627.50 0.00E+00] 0.00+00 0.00E+00] 0.00E+00 0.00E+00] 0.00E+00
TcAG 2046 MDY Aggregate Aggregate | Electricity 0.0000] 0.0000 0.0000 0.0000 0.0000 0.0000 0.71% 14,919.23 0.80% 3,20101 0.00E+00] 0.00E+00 0.00E+00] 0.00E+00 0.00E+00) 0.00+00
TcAG 2046 MDY Aggregate Ageregate |Plug-in Hybrid 0.0000] 87.4127) 0.0000 0.0394 0.0000 00190 0.30%) 6,324.17 0.38%) 1,528.58 5.53£.01 0.00+00 2.49E.04) 0.00E+00 120604 0.00E+00
TcAG 2046 [ M Aggregate Aggregate | Gasoline 0.0000] 299431 0.0000 00322 0.0000 0.0445 0.00% 4138 0.10% 413.43 124603 0.00+00 133606 0.00E+00 1.84£-06 0.00E+00
TcAG 2046 [ M Aggregate Aggregate | Diesel 0.0000] 0.0000] 0.0000 0.0000 0.0000 0.0000 0.00% 2984 0.07% 29823 0.00E+00] 0.00+00 0.00E+00] 0.00+00 0.00E+00] 0.00+00
TcAG 2046 Motor Coach Aggregate Aggregate | Diesel 8334.1363 0.0000 0.185 0.0000 13130 0.0000 0.03% 627.33 0.01% 27.28 0.00E+00] 2.27601 0.00E+00] 5.06E-06 0.00E+00] 3.5805
TcAG 2046 |0BUS Aggregate Aggregate | Gasoline 3508942 27.9923 0.1904 0.0305 0.0039 0.0249 0.05% 1,032.58 0.01%) 5158 2.69E.02 181602 3.15€.05 9.82606 257605 201607
TcAG 2046 [0BUS Aggregate Aggregate | Electricity 0.0000) 0.0000 0.0000 0.0000 0.0000 0.0000 0.03% 57581 0.01% 2876 0.00E+00) 0.00E+00 0.00E+00] 0.00E+00 0.00E+00) 0.00+00
TcAG 2046 [PTO Aggregate Aggregate | Diesel 00000 0.0000] 0.0000 0.0000 0.0000 0.0000 0.00% - 0.00% - 0.00E+00] 0.00+00 0.00E+00] 0.00E+00 0.00E+00) 0.00E+00
TcAG 2046 [PTO Aggregate Aggregate | Electricity 0.0000] 0.0000 0.0000 0.0000 0.0000 0.0000 0.00% - 0.00% - 0.00E+00] 0.00+00 0.00E+00] 0.00E+00 0.00E+00) 0.00E+00
TcAG 2046 [5BUS Aggregate Aggregate | Gasoline 23758641 507573 2.5264 0.0688 0.0707 0.0687 0.01% 14033 0.01% 35.06 7.12603 833602 9.65€-06 8.86E-05 9.64E-06 2.48E-06
TcAG 2046 [sBUS Aggregate Aggregate | Diesel 1850.8098] 0.0000] 00077 0.0000 0.2930 0.0000 0.19%) 3,89026 0.07% 26852 0.00E+00 4.99E.01 0.00E+00] 2.086-06 0.00E+00) 7.876:05
TcAG 2046 [sBUS Aggregate Aggregate | Electricty 0.0000] 0.0000 0.0000 0.0000 0.0000 0.0000 0.16% 3,32.45 0.06%) 24244 0.00E+00] 0.00+00 0.00E+00] 0.00+00 0.00E+00] 0.00+00
TcAG 2046 [sBUS Aggregate Aggregate | Natural Gas 4316.4674] 0.0000 12,0695 0.0000 0.8799 0.0000 0.06% 128852 0.02%) 8394 0.00E+00] 3.84E01 0.00E+00] 107603 0.00E+00] 7.8305
TcAG 2046 [T6 CAIRP Class 4 Aggregate Aggregate | Diesel 5126509 0.0000 0.0023 0.0000 0.0808 0.0000 0.01% 107.82 0.00% 469 0.00E+00] 2.40603 0.00E+00) 1.076:08 0.00E+00] 379607
TcAG 2046 [T6 CAIRP Class 4 Aggregate Aggregate | Electricit 0.0000] 0.0000 0.0000 0.0000 0.0000 0.0000 0.01% 148,98 0.00% 6.48 0.00E+00] 0.00E+00 0.00E+00] 0.00E+00 0.00E+00] 0.00E+00
TcAG 2046 [T6 CAIRP Class 5 Aggregate Aggregate | Diesel 512.0437 0.0000 0.0023 0.0000 0.0808 0.0000 0.01% 13248 0.00% 576 0.00E+00] 2.966.03 0.00E+00] 132608 0.00E+00] 4.66E.07
TcAG 2046 [T6 CAIRP Class 5 Aggregate Aggregate | Electricit 0.0000] 0.0000 0.0000 0.0000 0.0000 0.0000 0.01% 18253 0.00% 7.04 0.00E+00] 0.00E+00 0.00E+00) 0.00E+00 0.00E+00] 0.00E+00
TcAG 2046 [T6 CAIRP Class 6 Aggregate Aggregate | Diesel 512.0825 0.0000 0.0023 0.0000 0.0807 0.0000 0.03% 601.89 0.01% 2618 0.00E+00) 134602 0.00E+00) 6.006-08 0.00E+00] 2.11E06
TcAG 2046 [T6 CAIRP Class 6 Aggregate Aggregate | Electricit 0.0000] 0.0000 0.0000 0.0000 0.0000 0.0000 0.04% 836.47 0.01% 3638 0.00E+00] 0.00E+00 0.00E+00) 0.00E+00 0.00E+00] 0.00+00
TcAG 2046 [T6 CAIRP Class 7 Aggregate Aggregate | Diesel 5014718 0.0000 0.0023 0.0000 0.07% 0.0000 0.08% 160697 0.02%) 69.89 0.00E+00) 3.506-02 0.00E+00] 160607 0.00E+00] 552606
TcAG 2046 [T6 CAIRP Class 7 Aggregate Aggregate | Electricit 0.0000] 0.0000 0.0000 0.0000 0.0000 0.0000 0.02% 499.79 0.01% 2174 0.00E+00) 0.00E+00 0.00E+00] 0.00E+00 0.00E+00) 0.00+00
TcAG 2046 T6 Instate Delivery Class & Agaregate Aggregate | Diesel 1749.6394 0.0000 00077 0.0000 0.2757 0.0000 0.04% 847.55 0.01% 5936 0.00E+00) 1.04E01 0.00E+00) 4.59E.07 0.00E+00] L64E.05
TcAG 2046 T6 Instate Delivery Class & Agaregate Aggregate | Electricit 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.04% 917.59 0.02% 64.27 0.00E+00) 0.00E+00 0.00E+00] 0.00E+00 0.00E+00) 0.00+00
TcAG 204676 Instate Delivery Class 5 Agaregate Aggregate | Diesel 1751.2644 0.0000 0.0077 0.0000 0.2759 0.0000 0.03% 594.43 0.01% 4163 0.00E+00] 7.2902 0.00E+00] 3.22607 0.00E+00] 115605
TcAG 204676 Instate Delivery Class 5 Agaregate Aggregate | Electricit 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.03% 644.93 0.01% 45.17 0.00E+00] 0.00E+00 0.00E+00] 0.00E+00 0.00E+00) 0.00+00
TcAG 204676 Instate Delivery Class 6 Agaregate Aggregate | Diesel 1750.8580 0.0000 0.0077 0.0000 0.2758 0.0000 0.17% 361473 0.06%) 25317 0.00E+00] 4.436.01 0.00E+00] 1.96E-06 0.00E+00] 6.986-05
TcAG 2046 T6 Instate Delivery Class 6 Agaregate Aggregate | Electricit 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.19% 3,931.05 0.07%) 27532 0.00E+00] 0.00+00 0.00E+00] 0.00+00 0.00E+00] 0.00E+00
TcAG 204676 Instate Delivery Class 7 Agaregate Aggregate | Diesel 18273100 0.0000 0.0078 0.0000 0.2879 0.0000 0.04% 902,64 0.02% 6322 0.00E+00] L16E01 0.00E+00] 4.90E.07 0.00E+00] 182605
TcAG 204676 Instate Delivery Class 7 Agaregate Aggregate | Electricit 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.03% 594.42 0.01% 4163 0.00E+00] 0.00E+00 0.00E+00] 0.00E+00 0.00E+00] 0.00+00
TcAG 204676 Instate Delivery Class 7 Agaregate Aggregate _|Natural Gas 4330.6005 0.0000 11.4012 0.0000 0.8828 0.0000 0.00% 1828 0.00% 128 0.00E+00) 5.546-03 0.00E+00] 1.46E-05 0.00E+00] 113606
TcAG 2046 [T6 Instate Other Class 4 Aggregate Aggregate | Diesel 1883.1048 0.0000 0.0083 0.0000 0.2967 0.0000 0.19% 3917.04 0.08%) 33866 0.00E+00] 6.38E-01 0.00E+00 281606 0.00E+00 10004
TcAG 2046 [T6 Instate Other Class 4 Aggregate Aggregate | Electricit 0.0000] 0.0000 0.0000 0.0000 0.0000 0.0000 0.20% 4,245.70 0.09%) 367.07 0.00E+00) 0.00E+00 0.00E+00) 0.00+00 0.00E+00) 0.00+00




Source: EMFAC2021 (v1.0.1) Emission Rates

Region Type: MPO
Region: TCAG
Calendar Year: 2046
Season: Annual

Vehicle Classification: EMFAC202x Categories
Units: miles/day for CVMT and EVMT, trips/day for Trips, g/mile for RUNEX, PMBW and PMTW, g/trip for STREX, HOTSOAK and RUNLOSS, g/vehicle/day for IDLEX and DIURN. PHEV calculated based on total VMT.

|Region |Calendar Year | Vehicle Category | Model Year | Speed | Fuel | Population | Fleet Mix (Population) VMT Fleet Mix (VMT) Trips Fleet Mix (Trips)
TCAG 2046 All Other Buses Aggregate  Aggregate Diesel 98.66458783 0.02%| 4338.132711 0.03%| 878.1148317 0.04%
TCAG 2046 All Other Buses Aggregate  Aggregate Natural Gas 7.521904323 0.00%| 309.0438629 0.00%| 66.94494848 0.00%
TCAG 2046 LDA Aggregate  Aggregate Gasoline 168925.4288 41.47%|( 7146700.225 41.64%| 779505.3352 36.70%
TCAG 2046 LDA Aggregate  Aggregate Diesel 104.4232846 0.03%| 4145.975185 0.02%| 469.7328915 0.02%
TCAG 2046 LDA Aggregate  Aggregate Electricity = 23044.57897 5.66%| 958405.2796 5.58%| 107495.9656 5.06%
TCAG 2046 LDA Aggregate  Aggregate Plug-in Hybi 7941.455176 1.95% 338346.819 1.97%| 32837.91715 1.55%
TCAG 2046 LDT1 Aggregate  Aggregate Gasoline 10770.35584 2.64%| 417524.3356 2.43%| 48419.46849 2.28%
TCAG 2046 LDT1 Aggregate  Aggregate Diesel 0.121112226 0.00%| 4.894159037 0.00%| 0.557345332 0.00%
TCAG 2046 LDT1 Aggregate  Aggregate Electricity = 309.5169701 0.08%| 12983.21731 0.08%| 1448.054355 0.07%
TCAG 2046 LDT1 Aggregate  Aggregate Plug-in Hybi 237.7810101 0.06%| 9924.164502 0.06% 983.224477 0.05%
TCAG 2046 LDT2 Aggregate  Aggregate Gasoline 90632.84585 22.25%| 3639979.642 21.21%| 414469.7281 19.51%
TCAG 2046 LDT2 Aggregate  Aggregate Diesel 340.0822518 0.08%| 13816.83734 0.08%| 1566.333299 0.07%
TCAG 2046 LDT2 Aggregate  Aggregate Electricity = 3508.926885 0.86%| 101796.1359 0.59%| 16412.38033 0.77%
TCAG 2046 LDT2 Aggregate  Aggregate Plug-in Hybi 2419.869387 0.59%| 99165.69106 0.58%| 10006.15991 0.47%
TCAG 2046 LHD1 Aggregate  Aggregate Gasoline 3585.879453 0.88%| 130436.3219 0.76%| 53424.26089 2.52%
TCAG 2046 LHD1 Aggregate  Aggregate Diesel 2692.476421 0.66%| 88737.89798 0.52%| 33867.96624 1.59%
TCAG 2046 LHD1 Aggregate  Aggregate Electricity = 3637.550831 0.89% 168250.952 0.98%| 51136.09762 2.41%
TCAG 2046 LHD2 Aggregate  Aggregate Gasoline 407.8176907 0.10%| 14304.18646 0.08%| 6075.875944 0.29%
TCAG 2046 LHD2 Aggregate  Aggregate Diesel 1336.696697 0.33%| 42092.03133 0.25%| 16813.96288 0.79%
TCAG 2046 LHD2 Aggregate  Aggregate Electricity  860.4225874 0.21%| 38803.01839 0.23%| 11386.21533 0.54%
TCAG 2046 MCY Aggregate  Aggregate Gasoline 7467.853881 1.83%| 41782.19061 0.24%| 14935.70776 0.70%
TCAG 2046 MDV Aggregate  Aggregate Gasoline 55583.14477 13.65%| 2130735.532 12.41%| 248956.8532 11.72%
TCAG 2046 MDV Aggregate  Aggregate Diesel 637.9109947 0.16%| 23771.20672 0.14%| 2822.577438 0.13%
TCAG 2046 MDV Aggregate  Aggregate Electricity 3255.03898 0.80%| 93270.93244 0.54%| 15158.37428 0.71%
TCAG 2046 MDV Aggregate  Aggregate Plug-in Hybi 1553.939719 0.38%| 62407.51345 0.36%| 6425.540738 0.30%
TCAG 2046 MH Aggregate  Aggregate Gasoline 420.2872658 0.10%| 4757.815184 0.03%| 42.04553807 0.00%
TCAG 2046 MH Aggregate  Aggregate Diesel 303.1786476 0.07%| 2869.378318 0.02%| 30.31786476 0.00%
TCAG 2046 Motor Coach Aggregate  Aggregate Diesel 27.73667841 0.01%| 3519.775772 0.02%| 637.3888698 0.03%
TCAG 2046 OBUS Aggregate  Aggregate Gasoline 52.4354161 0.01%| 1764.300779 0.01%| 1049.127805 0.05%
TCAG 2046 OBUS Aggregate  Aggregate Electricity  29.24022734 0.01%| 2022.381735 0.01%| 585.0384686 0.03%
TCAG 2046 PTO Aggregate  Aggregate Diesel 0 0.00%| 6967.050638 0.04% 0 0.00%
TCAG 2046 PTO Aggregate  Aggregate Electricity 0 0.00% 6572.87657 0.04% 0 0.00%
TCAG 2046 SBUS Aggregate  Aggregate Gasoline 35.64537959 0.01%| 1925.760341 0.01%| 142.5815184 0.01%
TCAG 2046 SBUS Aggregate  Aggregate Diesel 272.970683 0.07%| 5581.978142 0.03%| 3952.615489 0.19%
TCAG 2046 SBUS Aggregate  Aggregate Electricity = 246.4611416 0.06%| 6653.175779 0.04%| 3377.734621 0.16%
TCAG 2046 SBUS Aggregate  Aggregate Natural Gas  90.4123303 0.02%| 1813.001682 0.01%| 1309.170543 0.06%
TCAG 2046 T6 CAIRP Class 4 Aggregate  Aggregate Diesel 4.766923089 0.00%| 350.5979185 0.00%| 109.5438926 0.01%
TCAG 2046 T6 CAIRP Class 4 Aggregate  Aggregate Electricity 6.58715883 0.00%| 511.9851804 0.00%| 151.3729099 0.01%
TCAG 2046 T6 CAIRP Class 5 Aggregate  Aggregate Diesel 5.857256233 0.00%| 481.5633599 0.00%| 134.5997482 0.01%
TCAG 2046 T6 CAIRP Class 5 Aggregate  Aggregate Electricity  8.070258373 0.00%| 701.7455388 0.00%| 185.4545374 0.01%
TCAG 2046 T6 CAIRP Class 6 Aggregate  Aggregate Diesel 26.61161677 0.01% 1254.13109 0.01%| 611.5349534 0.03%
TCAG 2046 T6 CAIRP Class 6 Aggregate  Aggregate Electricity = 36.98324117 0.01%| 1837.888918 0.01%| 849.8748822 0.04%
TCAG 2046 T6 CAIRP Class 7 Aggregate  Aggregate Diesel 71.04984739 0.02%| 14664.87896 0.09%| 1632.725493 0.08%
TCAG 2046 T6 CAIRP Class 7 Aggregate  Aggregate Electricity = 22.09757312 0.01%| 4729.833396 0.03%| 507.8022303 0.02%
TCAG 2046 T6 Instate Delivery Class 4 Aggregate  Aggregate Diesel 60.34609763 0.01%| 2000.059682 0.01%| 861.1388132 0.04%
TCAG 2046 T6 Instate Delivery Class 4 Aggregate  Aggregate Electricity  65.33259118 0.02%| 2314.473521 0.01%| 932.2960761 0.04%
TCAG 2046 T6 Instate Delivery Class 5 Aggregate  Aggregate Diesel 42.32359415 0.01% 1403.282606 0.01%| 603.9576886 0.03%
TCAG 2046 T6 Instate Delivery Class 5 Aggregate  Aggregate Electricity ~ 45.91940906 0.01% 1626.726645 0.01%| 655.2699673 0.03%
TCAG 2046 T6 Instate Delivery Class 6 Aggregate  Aggregate Diesel 257.3698327 0.06%| 8532.161776 0.05%| 3672.667512 0.17%
TCAG 2046 T6 Instate Delivery Class 6 Aggregate  Aggregate Electricity =~ 279.8922375 0.07%| 9899.085212 0.06%| 3994.062229 0.19%
TCAG 2046 T6 Instate Delivery Class 7 Aggregate  Aggregate Diesel 64.26812991 0.02%| 3276.730792 0.02%| 917.1062138 0.04%
TCAG 2046 T6 Instate Delivery Class 7 Aggregate  Aggregate Electricity ~ 42.32303006 0.01%| 2273.977892 0.01% 603.949639 0.03%
TCAG 2046 T6 Instate Delivery Class 7 Aggregate Aggregate Natural Gas 1.301494882 0.00% 67.47282462 0.00% 18.57233197 0.00%
TCAG 2046 T6 Instate Other Class 4 Aggregate  Aggregate Diesel 344.275536 0.08% 13473.5615 0.08%| 3979.825196 0.19%
TCAG 2046 T6 Instate Other Class 4 Aggregate  Aggregate Electricity  373.1618874 0.09% 16426.0847 0.10%| 4313.751418 0.20%
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OVERVIEW

The San Joaquin Valley Model Improvement Plan (VMIP 1) began in 2010 and resulted in substantial
enhancements to the modeling capabilities of the Metropolitan Planning Organizations (MPOs) within the
San Joaquin Valley (SJV). Due to the timing of the original VMIP 1, many data sources pertinent to
understanding travel behavior and developing travel forecasting models were not available. As such, older
sources were used to supplement data for the base year, making calibration and validation difficult due to
the economic downturn relative to the 2001/2003 California Household Travel Survey (CHTS) and 2000
Census which were collected before calibration efforts commenced. VMIP 2 not only takes advantage of the
most recent Census and CHTS data and the model structure enhancements developed as part of the VMIP

1, but also new Big Data.

This document provides guidance on the model specifications and data used in developing the components
for the San Joaquin Valley Model Improvement Plan, Phase 2 (VMIP 2). The objective of this document is to
provide an overview and full technical details of the VMIP 2 models: this includes aspects common to all
VMIP 2 models as well as specific calibration and model validation for the Tulare County Association of
Governments (TCAG) model. Changes between the original VMIP 1 models and the VMIP 2 models receive

special emphasis.

In addition to the updated data, VMIP 2 implemented changes to the model structure are based on
feedback from the Air Resources Board (ARB) provided during the Regional Transportation Plan (RTP) and
Sustainable Communities Strategy (SCS) review process, and MPO staff who applied the models over the

last several years. Key enhancements to model sensitivity and usability include:

e Land Use: Simplified residential and employment categories and addition of group
quarters population

e Socio-economic: Employee salary and household income relationship for home-work trips

e Inter-regional Travel: Improved control over scenario evaluation of inter-regional assumptions

e Updated Scenario Development: Created single scenario spreadsheets and clear documentation
e Sensitivity to the "Ds:" Used GIS centerline network and included accessibility variables

e Refined Post-Processors: Added flexibility to summary processes including select link assignment



|

Listed below are recommendations for updating the model, data, or usability beyond VMIP 2.

e Refine trip generation such that person trips and vehicle trips account for under-reporting of
travel in the CHTS, and assigned traffic volumes reflect roadway counts.

e Refine economic factors at a more specific geography and calibrate the land use allocation model
using the refined data.

e Continue to collect traffic count and transit ridership data, land use development (residential,
school, and employees) to perform near-term forecasts.

e Review and update the highway and transit networks for future years, creating a link between the
RTP projects and the model.

e Coordinate with other MPOs and update the inter-regional travel components as needed.

e Track demographics, economics, and related Ds variables over time to inform future
scenario development.

e Evaluate shifts in future assumptions such as autonomous vehicles, demographics, fuel price, and
land use development patterns.

The following sections describe the data collected for model estimation, calibration, and validation.



Final Tulare CAG VMIP 2 Model Development Report
July 2017

DATA ACQUISITION, REVIEW, AND SUMMARY

This section describes the data collection, review processes, and provides a summary of the data used in

the estimation, calibration, and validation of the VMIP 2 models.

Updated land use cross-classification tables used 2012 ACS Census data and the finest available geography.
Most required data were available at the level of census block group or census tract, but a few multi-
dimension tables were only available at the Public Use Microdata Areas (PUMA) level. These cross-
classification tables are in a percentage format. Each MPO/County provides the control totals for
demographic variables including total population, total numbers of households, and total number of
residential units at transportation analysis zone (TAZ) level. The base year for most models is 2008, although
some MPOs/Counties have opted to update model base years to 2014 under separate contracts. ACS 2012
cross-classified tables represent demographic characteristic of each TAZ regardless of the model base year.
The control total can easily be updated to a new base year after each MPO/County provides recent

demographic data at the TAZ level.

The original VMIP 1, completed before 2012 CHTS data were available, used the 2001/2003 CHTS for
validation of household variables. VMIP 2 used newer data from the 2012 CHTS to re-estimate most model

components.
PREPARATION AND CLEANING OF CHTS DATA

The publically available version of the 2012 CHTS required a substantial amount of preparation, including
re-weighting, before it was suitable for model development. Details of the data preparation are in Appendix

A: Preparation of California Household Travel Survey Data. Data dictionaries for the cleaned and prepared

CHTS data, including households, trips, and persons files, are in Appendix B: California Household Travel

Survey Data Dictionary.

The following pages describe portions of the CHTS data preparation most relevant to VMIP 2; for full details

please see the appendices.

'-
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Identification of Trip Purposes

The 2012 CHTS data does not describe trip purposes directly; instead, it contains a “place” file whose
attributes include a listing of up to three activities the respondent participated in at that place. A small list
of place purposes was distilled from this activity information. HOME, WORK, COLLEGE, K12, SHOP,
or OTHER.

Once the purpose for each place has been determined, assigning a purpose to each trip is straightforward.

e If one end of the trip is "HOME" and the other is “"WORK,"” the trip is home-based work ("HBW").
e If one end of the trip is "HOME" and the other is "K12,” the trip is home-based K-12 ("HBK").

e If one end of the trip is "HOME" and the other is “COLLEGE," the trip is home-based
college ("HBC").

e If one end of the trip is "HOME" and the other is "SHOP,” the trip is home-based shop ("HBS").

e If one end of the trip is "HOME" and the other is either “OTHER" or "HOME," the trip is home-
based other (“HBO").

e If one end of the trip is "WORK" and the other end is anything but "HOME," the trip is work-based
other ("WBO").

e In all other cases, the trip is non-home-based (“NHB").
Identification and Consolidation of Transit Trip Chains

In recording transit trips, the CHTS treats each portion of the transit trip chain as a separate trip. For example,
a trip in which the traveler drives to a rail station, takes the train to a second rail station, and then walks to
a workplace is listed in the survey as three separate consecutive trips, with three separate modes. This
method of record-keeping makes it possible to track the mode of access and egress for a transit trip, but
for most travel behavior analyses it is preferable to consider these three trips as a single unit or linked trip.
Thus, a necessary step of data preparation is identification and consolidation of chains which make up a

single linked transit trip. Details of this process are in Appendix A: Preparation of California Household

Travel Survey Data.

Estimation of Survey Weights

Surveys capture the characteristics of an entire population by randomly sampling a small proportion of the
population. Often, a perfectly random sample is hard to achieve — some groups are difficult to survey and
are under-represented, other groups are over-represented. To balance this bias, estimated sample weights

“reshape” the sample. Fehr & Peers estimated household sample weights for the CHTS to balance the survey

(]
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sample to match county-level percentages for several variables as reported in the 2012 ACS 5-year
estimates. Listed below are variables used as controls for the re-weighting.

e Household size (one to seven or more).

e Household income (nine income categories).

e Number of workers per household (zero to three or more).

e Number of vehicles owned per household (zero to four or more).

e Household residential unit type (three categories).

e Household size (one to five or more) cross-classified by household income (five categories).

e Household size (one to five or more) cross-classified by number of vehicles per household (zero
to four or more).

e Household size (one to five or more) cross-classified by number of workers per household (zero
to three or more).

Details of the survey weight estimation are in Appendix A: Preparation of California Household Travel

Survey Data.

Census Designated Places

Census Designated Places (CDPs) are a useful identification that includes cities as well as unincorporated
but named places. The fact that publically-available CHTS data is geo-coded only by census tract made the
process of identifying a CDP for each location slightly more complex. Because the boundaries of CDPs do
not neatly match census tracts, each census tract may have multiple CDPs associated with them. In cases
where multiple CDPs make up a single census tract, the CDP with the largest population in the tract (as
identified at the census block level) is used. The CDP is identified as an unincorporated portion of the

relevant county if the largest population in the tract is outside all named CDPs.

Place Type

In addition to locating households and trip ends using census tracts, CDPs, and counties, each household
location and trip end is assigned a place type category. The place type is based on the number of jobs and
the working-age population accessible from the household or trip end. These accessibility metrics are

available as part of the EPA Smart Location Database (http://www?2.epa.gov/smartgrowth/smart-location-

mapping#SLD), and are weighted so nearby jobs and population are more influential than distant jobs and
population. The resulting sum of accessible jobs and potential workers are categorized into the following

place types.

(]
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1. Under 40,000 jobs + workers.

2. 40,000 - 100,000 jobs + workers.
3. 100,000 — 200,000 jobs + workers.
4. 200,000 - 450,000 jobs + workers.

5. Over 450,000 jobs + workers.

“Work” Trips Made by Non-Workers

The CHTS collects both employment data for each participant and trip purpose data for all trips undertaken.
However, the survey does not ensure these values are in agreement with one another. There are a small
number of persons whose employment status is either not reported (or reported as “retired” or
"unemployed”) whose trips are categorized as work trips. Because this is not optimal for modeling purposes,
any work trips made by a non-employed person is re-categorized; HBW trips are re-assigned as HBO trips,

and WBO trips are re-assigned as OBO trips.
ESTIMATION DATASET

The estimation dataset for VMIP 2 consists of a portion of the statewide CHTS data. Only CHTS records

which satisfy the following criteria were used.

e For household-level variables, only residents of the eight SJV counties and the six Sacramento
Area Council of Governments (SACOG) counties are included. The six SACOG counties had to be
included to ensure an adequate sample size.

e Only weekday trips are included.
e Trips are included from the full year of the CHTS, including winter and summer.

e Trips with both trip ends outside the 14-county SJV + SACOG region are excluded.

Table 1 shows the distribution of CHTS households in the estimation counties, the households reported in
the ACS, and percentage of samples in the estimation set. Note the table shows the (unweighted) number
of households in the estimation set and the full CHTS, while the value in the final column represents the

percentage of the overall samples by county.
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TABLE 1: GEOGRAPHIC SCALE FOR NEW TAZ VARIABLES

County Ho.useh.t.\lds in Total households in Total households in Percent.age of
Estimation Set CHTS County (2012 ACS) Estimation Set
Fresno 718 1,115 287,082 14%
Kern 961 1,544 253,178 12%
Kings 199 293 40,767 2%
Madera 205 311 42,063 2%
Merced 297 474 74,496 3%
San Joaquin 468 629 213,632 12%
Stanislaus 383 552 165,999 8%
Tulare 537 799 129,996 6%
Sacramento 567 825 512,496 25%
El Dorado 151 208 67,846 2%
Placer 290 385 131,775 7%
Sutter 130 168 31,635 2%
Yuba 137 205 24,133 1%
Yolo 186 246 70,090 4%
Total 5,229 7,754 512,496 100%

CHTS SUMMARIES

Several broad summaries of CHTS data were produced and are suitable both for model development and
for general information. Separate summaries were produced for the 14-county estimation region, the eight-
county SJV region, the three-county Three County Model region, and each of the eight SJV counties
individually. The “simple” and “flat” summaries contain one record per geography, and is suitable for joining
to GIS. The "simple” summary contains a smaller number of metrics, while the “flat” summary contains many
more details. The "filterable” summary contains many records per geography, and is viewable in Excel.
Details and data dictionaries for these summaries are in Appendix C: Simple Summaries of CHTS Data,
Appendix D: Flat Summaries of CHTS Data, and Appendix E: Filterable Summaries of CHTS Data.
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CHTS SIMPLIFIED DATA

In addition to being useful for model estimation, calibration, and validation, the CHTS data is useful for a
wide range of other purposes. To that end, we have provided simplified versions of CHTS data together
with instructions for processing that data in Excel. The format is designed to be flexible, easy to use, and
able to produce a variety of commonly-requested summaries such as mode shares, trip lengths and
origin/destination tables. More information about the simplified data and instructions for using it in Excel
is in Appendix F: Simplified CHTS Data.

Demographic and employment data are critical components to any land use, transportation, or integrated
land use-transportation modeling effort. An appropriately detailed description of the people who live and
work in each geographic zone is essential to understanding their travel behavior and in predicting the
region’s evolution over time, especially the relationship between the locations of employers paying a given
range of wages and the residence locations of workers with similar income levels. There are many sources
for this data, necessitating a data merge and verifying its compatibility with other datasets. CoStar led this
effort. They used surveyors to call and visit residential, office, and commercial buildings and combined
multiple demographic and transportation databases into a single web-accessible dashboard. CoStar
continuously updates the data and keeps the historic data so changes in rents, vacancies, and other relevant
variables can be evaluated. This data were used to calibrate the bid/rent functions of the land use
allocation/disaggregation model, and to assist in the estimation and calibration of trip generation and
distribution, allowing additional functionality to better match jobs and household income. The income of

households and job salaries are described later in the calibration step.



Final Tulare CAG VMIP 2 Model Development Report
July 2017

REFINE MODEL INPUT DATA

The TAZ system for each model is largely unchanged from the original VMIP 1. New TAZ attributes were
developed to refine the model’s trip distribution, including the matching of jobs to workers by income level
and the distribution of trips entering and leaving the model area. In addition, the VMIP 2 models include

both accessibility pre-processors and in-model accessibility calculations at the TAZ level, described below.
TAZ ATTRIBUTES

New attributes in the TAZ-level input data are listed below.

e Total acreage of the TAZ (including undeveloped land).
e Percentage of trips produced by the TAZ which enter or leave the model area, by trip purpose.
e Percentage of trips attracted to the TAZ which enter or leave the model area, by trip purpose.

e Percentage of jobs in the TAZ which are high-, medium-, and low-income, by employment
category.

Table 2 below describes the geographic scale at which the trips produced/attracted and employment
income variables are implemented in the model. The model user can change variables to apply at a different

scale if desired, as described in the table.

TABLE 2: GEOGRAPHIC SCALE FOR NEW TAZ VARIABLES

Scale of current Scale of potential

Variables Description . . q q
P implementation implementation

Percentages of trips
produced & attracted to CDP TAZ
TAZ, by trip purpose

HBWH_ix, HBWH_xi,
HBWM_ix, HBWM_xi, etc.

Percentages of
EMP_EDUH, EMP_EDUM, employment that are high,
EMP_EDUL, etc. medium, and low income,
by job sector

County TAZ

The full data dictionary for TAZ-level inputs is in Appendix G: Data dictionary for TAZ data inputs.
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ACCESSIBILITY

The VMIP 2 models include two accessibility pre-processors. These are Python scripts, operating on the

input TAZ and network shapefiles to produce accessibility metrics.

e Intersections.py produces a count of the number of intersections per TAZ.

e RoadwayMiles.py produces the sum of walkable network miles.

These script outputs, in data base format (DBF), are used during the model input preparation stage to

calculate a variety of accessibility metrics at the TAZ level.

A third input file, VMTseed, contains an estimate of the average commuting VMT generated per worker in
the TAZ. The starting estimates can be approximate because this estimate is updated throughout the

model process.

During the input preparation phase of the model, TAZ-level accessibility metrics and built environment ("D
variable”) metrics are produced. These metrics are updated as the model runs through its feedback loops.
Some of the accessibility metrics are implemented later in the model; others are provided as model outputs.

Table 3 below shows the accessibility metrics used later in the model.

TABLE 3: ACCESSIBILITY METRICS USED IN VMIP 2 MODELS

Metric Description Where used
EMP_30AUT Jobs within 30 minutes by auto Place Type calculation

Working-age population within 30

WRK_30AUT .
minutes by auto

Place Type Calculation

Place Type categorization of
ATYPE job+worker to five categories. (See Trip Generation
Table 4 below).

Log of employment density (jobs per

LOG EMPD Auto Ownership, Mode Choice
developed acre)

INTDEN Intersection d.en5|ty (intersections Auto Ownership, Mode Choice
per square mile)

EMP_30TRN Jobs within 30 minutes by transit Auto Ownership, Mode Choice

COMMUTECOST Average annual commute cost Auto Ownership

Place type is calculated from the sum of jobs within 30 minutes by auto- and working-age population within

30 minutes by auto, and categorized into the five categories listed in Table 4 below.

(
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TABLE 4: PLACE TYPES
Place Type Alternate Name Description
Category
1 POP1 Under 40,000 jobs + working-age population within 30 minutes by auto
5 POP2 Between 40,000 and 100,000 jobs + working-age population within 30
minutes by auto
3 POP3 Between 100,000 and 200,000 jobs + working-age population within 30
minutes by auto
4 POPA4 Between 200,000 and 450,000 jobs + working-age population within 30
minutes by auto
5 POP5 Over 450,000 jobs + working-age population within 30 minutes by auto

A full data dictionary of the accessibility metrics calculated in the model is in Appendix H: Accessibility

Variables.

During the original VMIP 1, Census 2000 land use data were used in combination with the CHTS 2001/03
to estimate and calibrate the trip generation rates. After Census 2000, the Census Bureau not only developed
continuous sampling and reporting via the American Community Survey, but they also changed the format,
variables, and detail of reported data. In 2012 it was discovered all of the variables used in the MIP models
are not available at the same cross-classification detailed level as was reported in 2000. As such, we have

updated the residential demographic variables at the same time we re-estimated trip generation equations.

In addition to the availability of data provided by the ACS and Census, updating the land use inputs at the
same time trip information is estimated and calibrated allowed the opportunity to expand the capabilities
to take advantage of the job salary and household mortgage/expense data. While the Census and ACS
provide the information for the base year recalibration, the VMIP 2 models can now also use Cube Land to
disaggregate the base year land use to reflect the validation conditions, allowing future forecasts of

residential demographics to vary based on land use and transportation system changes.

Although the land use data and Cube Land model were implemented for each model, the application of
Cube Land is not required. It can be used to disaggregate land use while keeping the totals by zone nearly
identical, test brand new scenarios by allocating the control total for each land use type, or a middle scenario

where some areas do not change and others can be allocated based on Cube Land.

(
{i 11



Final Tulare CAG VMIP 2 Model Development Report
July 2017

Table 5 below describes the land use variables used as model inputs:

Type

Geographic

Residential

Non-residential?

TABLE 5: LAND USE INPUT VARIABLES

Attribute
TAZ
STATE
COUNTY
PUMA
CITY
TRACT
BLOCK
MODEL
PLACETYPE'
TOTHH
RU1, RU2, ... RU10 2
RUGT1, RUG2, RUG3 ?

RUG1SPARE, ...
RUG7SPARE

TOTEMP
EMPEDU

EMPFOO

EMPGOV

EMPIND

EMPMED

EMPOFC

EMPOTH

Description
Transportation Analysis Zone ID
State
County
Census Public Use Microdata Area
City
Census tract ID
Census block ID
Model ID
Placetype category
Total Households
Households by Residential Unit Type
Households by Residential Unit Type Groups

Unused in current model but available for
expanding grouping of residential unit types.

Total employees
Educational Services (61-63)

Accommodations (721), Food Services (722),
Arts, Entertainment and Recreation (71)

Public Administration (92)

Utilities (22), Construction (23), Other Services
Except Public Administration (81), Wholesale
Trade (42), Transportation and Warehousing
(48-49)

Health Care and Social Assistance (62)

Information (51), Finance and Insurance (52),
Real Estate, Rental and Leasing (53),
Professional, Scientific, and Technical Services
(54), Management of Companies and
Enterprises (55), Administrative/Support,
Waste Management & Remediation (56)

Mining, Quarrying, Oil and Gas Extraction (21),

Manufacturing (31-33)

Units

Households
Households

Households

Employees

Employees
Employees

Employees

Employees

Employees

Employees

Employees

12
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TABLE 5: LAND USE INPUT VARIABLES
Type Attribute Description Units

EMPRET Retail Trade (44-45) Employees
EMPAGR Agriculture, Forestry, Fishing and Hunting (11) Employees
EMPSPARET, ... Unused in current model but available for
EMPSPARE8 expanding employment categories

Group Quarters population: School
POPDORM (Dormitory, Fraternity, Sorority) People
POPASSIST Qrpup anrters Population: Medical (Assisted Pl

living, retirement home)
POPMILITARY GrouP Quarters.PopuIatlon: Military (Military People

base if not special generator)
POPINST Group Quarter.s Population: Institutionalized Al

population (prison, mental health, etc.)
ELEM Elementary and middle school enrollment Student Enrollment
HS High school enrollment Student Enrollment
COLLEGE College enrollment Student Enrollment
YEAR Scenario year
SCEN Scenario name

Scenario
MPO MPO
Comments Scenario comments
Notes:

1. See Table 4 for place type categories.

2. See Table 8 for residential unit type categories.

3. Non-residential description contains NAICS sector number(s).

The land use inputs above are combined with the Census cross-classification rates to create the SE Detail
file, described in Table 6 below.

TABLE 6: SOCIO-ECONOMIC DETAIL

Type Attribute Description Units
TAZ Transportation Analysis Zone ID
STATE State
Geographic
COUNTY County
PUMA Census Public Use Microdata Area

.i 13
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TABLE 6: SOCIO-ECONOMIC DETAIL

Attribute
CITY
TRACT
BLOCK
MODEL
PLACETYPE '
TOTHH

RUG1, RUG2, RUG3 2

RUG1SPARE, ...
RUG7SPARE

RU1_HHPOP,
RU3_HHPOP,
RU6_HHPOP 2

RUSPARET, ...
RUSPARE7

RU1T_HHSIZET_INCT,

RU9_HHSIZE5_INC5
234

RU1T_AGE1524, ...
RU9AGE75 25

POP00O5, ..., POP75
6

TOTEMP
EMPEDU

EMPFOO

EMPGOV

EMPIND

EMPMED

Description
City
Census tract ID
Census block ID
Model ID
Placetype category
Total Households
Households by Residential Unit Type Groups

Unused in current model but available for
expanding grouping of residential unit
types.

Population in households by residential unit
type

Unused in current model but available for
expanding grouping of residential unit types

Households cross-classified by Residential
Unit Type, Household Size, and Household
Income

Households cross-classified by Residential
Unit Type and Household Age category.

Population by age range

Total employees
Educational Services (61-63)

Accommodations (721), Food Services (722),
Arts, Entertainment and Recreation (71)

Public Administration (92)

Utilities (22), Construction (23), Other
Services Except Public Administration (81),
Wholesale Trade (42), Transportation and
Warehousing (48-49)

Health Care and Social Assistance (62)

Units

Households

Households

People

Households

Households

People

Employees

Employees
Employees

Employees

Employees

Employees

14
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TABLE 6: SOCIO-ECONOMIC DETAIL
Type Attribute Description Units
Information (51), Finance and Insurance (52),
Real Estate, Rental and Leasing (53),
Professional, Scientific, and Technical
EMPOFC Services (54), Management of Companies Employees
and Enterprises (55), Administrative/Support,
Waste Management & Remediation (56)
Mining, Quarrying, Oil and Gas Extraction
EMPOTH (21), Manufacturing (31-33) Employees
EMPRET Retail Trade (44-45) Employees
EMPAGR ﬁar)lculture, Forestry, Fishing and Hunting Employees
EMPSPARET, ... Unused in current model but available for
EMPSPARES8 expanding employment categories
Group Quarters population: School
POPDORM ) " ; Peopl
OPDO (Dormitory, Fraternity, Sorority) eopie
POPASSIST Grogp Qu(:ar_ters Populatlon: Medical Pesple
(Assisted living, retirement home)
POPMILITARY Group Quarters.PopuIatlon: Military (Military People
base if not special generator)
POPINST Group (.)uarter.s Population: Institutionalized Paale
population (prison, mental health, etc.)
ELEM Elementary and middle school enroliment Student Enrollment
HS High school enrollment Student Enrollment
COLLEGE College enrollment Student Enrollment
YEAR Scenario year
SCEN Scenario name
Scenario
MPO MPO
Comments Scenario comments
Notes:

NOo VA WN =

See Table 7 for place type categories.

See Table 8 for residential unit type categories.

See Table 9 for household size categories.

See Table 10 for household annual income categories.

See Table 11 for household age categories.

See Table 12 for population distribution by age range categories.
Non-residential description contains NAICS sector number(s).
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If desired, preliminary place type descriptions may be included in the land use input. Within the VMIP 2

models, place type is re-calculated as part of the accessibility module described in Accessibility / D Variables.

TABLE 7: PLACE TYPES

Place Type Alternate Name Description
Category
1 POP1 Under 40,000 jobs + working-age population within 30 minutes by auto
5 POP2 Between 40,000 and 100,000 jobs + working-age population within 30
minutes by auto
3 POP3 Between 100,000 and 200,000 jobs + working-age population within 30
minutes by auto
4 POP4 Between 200,000 and 450,000 jobs + working-age population within 30
minutes by auto
5 POP5 Over 450,000 jobs + working-age population within 30 minutes by auto
TABLE 8: RESIDENTIAL UNIT TYPE
Alternate
Name Grouping Grouping Description
Name
RU1 1, detached
RUGT (SF) RU1
RU2 1, attached
RU3 2 units
RU4 3 to 4 units
RU5 5 to 9 units
RUG2 (MF) RU3
RU6 10 to 19 units
RU7 20 to 49 units
RU8 50+ units
RU9 RUG3 Mobile home
oth RU9
RU10 (Other) Boat, RV, van, etc.

Data sources:

Model input: MPO land use inputs
Estimation: CHTS

Calibration: Census

5 16



TABLE 9: HOUSEHOLD SIZE

Category Description
HHSIZE1 1 person household
HHSIZE2 2 person household
HHSIZE3 3 person household
HHSIZE4 4 person household
HHSIZES 5 or more person household
Source:

Model Input: MPO land use inputs + census cross-classification percentages

Estimation: CHTS
Calibration: Census

=
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TABLE 10: HOUSEHOLD ANNUAL INCOME

. 10-
ngl:;r:e::low 5-::::et_:::ry category Description
grouping grouping grouping
INC1 Less than $10,000
INCG1
INC2 $10,000 to $24,999
LOWINC
INC3 $25,000 to $34,999
INCG2
INC4 $35,000 to $49,999
INCG3 INC5 $50,000 to $74,999
MEDINC
INCG4 INC6 $75,000 to $99,999
INC7 $100,000 to $149,999
INC8 $150,000 to $199,999
HIGHINC INCG5
INC9 $200,00 or more
INC10 SPARE -- unused

Data sources:

Model Input: MPO land use inputs + census cross-classification percentages
Estimation: CHTS

Calibration: Census

TABLE 11: HOUSEHOLD AGE

Category Description
Age1524 No household member over age 25 but at least one household member age 15-24.
Age2564 Household has at least one member age 25-64
Age6574 Household has no member age 25-64 but at least one member age 65-74.
Age75 Household has no member age 25-74 but at least one member age 75 or older.

Data sources:

Model Input: MPO land use inputs + census cross-classification percentages
Estimation: CHTS

Calibration: Census

5 18
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TABLE 12: POPULATION BY AGE RANGE
Category Description
POP0005 People 0 to 5 years
POP0514 People 5 to 14 years
POP1517 People 15 to 17 years
POP1824 People 18 to 24 years
POP2554 People 25 to 54 years
POP5564 People 55 to 64 years
POP6574 People 65 to 74 years
POP75 People 75 years and over

Source:

Model Input: MPO land use inputs + census cross-classification percentages
Estimation: CHTS

Calibration: Census

Appendix I:_ Comparison of land use categories shows the residential land use data elements and how the

VMIP 2 grouping compares to other data sources including the CHTS, ACS, and VMIP 1 categorization.

As part of the VMIP 1, integration of GIS for each of the models took a substantial step forward by utilizing
a geodatabase for background data and for storing model outputs. However, the highway and transit
networks remained simplistic link and node representations of the actual networks. As part of VMIP 2, the
highway network was based on a true shape centerline file in a geodatabase and updated variables to reflect
the master network from the RTP/SCS. The transit lines were also updated to match the more detailed
highway network and are contained in the geodatabase. The benefits of this are more accurate mapping
and distances, easy linkage and comparisons to speed data, and inclusion of local streets for sub-TAZ level
analysis. In addition, the GIS network contains many variables to complement those already part of the
travel model network, including auto, HOV, transit, truck, bike, and walk accessibility designations. Advanced
models such as Activity Based Models (ABMs) and Dynamic Traffic Assignment (DTA) also greatly benefit

from the network accuracy and detail.
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Attribute

Nodes

X

Y

N

TAZ

DISTRICT

SOl

STDID
COUNTY
JURISDICTION
COMMUNITY
Links

A

B

DISTANCE
NAME

ROUTE
TERRAIN
JURISDICTION
SCREENLINE
XXXX_PRIJID !
XXXX_PRJYR
XXXX_FACTYP '
XXXX_AREATYP '
XXXX_LANES '
XXXX_AUX

XXXX_SPEED

TABLE 13: STANDARD MASTER HIGHWAY NETWORK VARIABLES

Description

X-coordinate of node in Nad 83

Y-coordinate of node in Nad 83

Node number

Traffic Analysis Zone Number

Super district number used for aggregation

Sphere of influence used to number TAZs alphabetically

Study location number used to record turning movements when non-zero
County where node is located

Political jurisdiction where node is located

Community/district name

A node

B node

Distance in miles

Local street name

Numerical state route number

Terrain (F=Flat, R=Rolling, M=Mountain)

Political jurisdiction where link is located location
Screenline by direction (See Figures 3-1.1 through 3.1.10)
RTP Project ID number

RTP Project Opening Year

Facility type by year 2

Area type by year ?

Number of directional through travel lanes by year ?
Auxiliary lane (0=no, 1=yes)

Free-flow speed in miles-per hour by year 3

i
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TABLE 13: STANDARD MASTER HIGHWAY NETWORK VARIABLES

Attribute Description
XXXX_CAPCLASS ' Capacity class by year (derived from Terrain, Facility type, and Area Type) 2
XXXX_CAPACITY ' Vehicle per hour (calculated based on Lanes and CapClass)
XXXX_USE ' Identifies vehicle prohibitions by year >
XXXX_TOLL ' Code used for cost on toll facilities by year 3

Notes:
1. XXXX represents BASE (calibration/validation year), IMP1 (status after first improvement), and IMP2 (status after second
improvement). In addition to calibration/validation year which varies by MPO, the years required to be covered by
improvement are 05, 20, 35, and 40.

2. See Table 14 for details on CapClass by Terrain, Facility Type, and Area Type.

3. See Table 15 for Speed ranges by Terrain, Facility Type, and Area Type.

4. See Table 16 for details on Capacity by Terrain, Facility Type, and Area Type.

5. 0or 1=facility open to all ("general purpose”) ; 2=Carpool 2; 3=Carpool 3+; 4=Combination trucks prohibited; 5=Walk or

bike only
TABLE 14: CAPACITY CLASS BY TERRAIN, FACILITY TYPE, AND AREA TYPE
Area Type
Faciity Type Rural (R) S"?s"l:';a" Urban (U)  Fringe (F) ceD'i’:::i'cf'("gL";)ss

Flat
Freeway 1 11 21 31 41
Highway 2 12 22 32 42
Expressway 3 13 23 33 43
Arterial 4 14 24 34 44
Collector 5 15 25 35 45
Local 6 16 26 36 46
Ramp: Freeway-Freeway 7 17 27 37 47
Ramp: Slip 8 18 28 38 48
Ramp: Loop 9 19 29 39 49
Connector: Dist. < 0.25 10 N/A N/A N/A N/A
Connector: Dist. > 0.25 20 N/A N/A N/A N/A

(
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TABLE 14: CAPACITY CLASS BY TERRAIN, FACILITY TYPE, AND AREA TYPE

Facility Type

Rolling

Freeway

Highway

Expressway

Arterial

Collector

Local

Ramp: Freeway-Freeway
Ramp: Slip

Ramp: Loop
Connector: Dist. < 0.25
Connector: Dist. > 0.25
Mountain

Freeway

Highway

Expressway

Arterial

Collector

Local

Ramp: Freeway-Freeway
Ramp: Slip

Ramp: Loop
Connector: Dist. < 0.25

Connector: Dist. > 0.25

Rural (R)

51

52

53

54

55

56

57

58

59

60

70

101

102

103

104

105

106

107

108

109

110

120

Suburban
(SU)

61
62
63
64
65
66
67
68
69

N/A

N/A

111

112
113
114
115
116
117
118
119
N/A

N/A

Area Type

Urban (U)

71
72
73
74
75
76
77
78
79
N/A

N/A

121
122
123
124
125
126
127
128
129
N/A

N/A

Fringe (F)

81
82
83
84
85
86
87
88
89

N/A

N/A

131

132
133
134
135
136
137
138
139
N/A

N/A

Central Business
District (CBD)

91
92
93
94
95
96
97
98
99

N/A

N/A

141
142
143
144
145
146
147
148
149
N/A

N/A

i
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TABLE 15:

Facility Type

Flat

Freeway

Highway

Expressway

Arterial

Collector

Local

Ramp: Freeway-Freeway
Ramp: Slip

Ramp: Loop
Connector: Dist. < 0.25
Connector: Dist. > 0.25
Rolling

Freeway

Highway

Expressway

Arterial

Collector

Local

Ramp: Freeway-Freeway
Ramp: Slip

Ramp: Loop
Connector: Dist. < 0.25
Connector: Dist. > 0.25

Mountain

TYPICAL SPEEDS BY TERRAIN, FACILITY TYPE, AND AREA TYPE

Rural (R)

70
40-45
55
40-45
50
25-40
50
50
45
35

15

65-70
40-45
50-65
30-45
50
50
50
50
45
35

15

Suburban
(SU)

65-70
40-45
45-55
30-45
50
25-40
50
50
45
35

15

65-70
40-45
50-65
30-45
50
50
50
50
45
35

15

Area Type
Urban (U) Fringe (F)
55-65 55-65
40-45 40-45
45-55 45-55
25-45 30-45
35-40 35-40
25-40 25-40
50 50
50 50
45 45
35 35
15 15
65-70 65-70
40-45 40-45
50-65 50-65
30-45 30-45
50 50
50 50
50 50
50 50
45 45
35 35
15 15

Central Business District

(CBD)

55-65
40-45
40-45
25-45
35-40
25-40
50
50
45
35

15

65-70
40-45
50-65
30-45
50
50
50
50
45
35

15

i
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TABLE 15: TYPICAL SPEEDS BY TERRAIN, FACILITY TYPE, AND AREA TYPE

Facility Type

Freeway

Highway

Expressway

Arterial

Collector

Local

Ramp: Freeway-Freeway
Ramp: Slip

Ramp: Loop

Connector: Dist. < 0.25

Connector: Dist. > 0.25

Rural (R)

65
40-45
40-55
30-45
25-40
25-40
50
45
35
15

25

Suburban
(SU)

65
40-45
40-55
30-45
25-40
25-40
50
45
35
15

25

Area Type
Urban (U)  Fringe (F)
65 65
40-45 40-45
40-55 40-55
30-45 30-45
25-40 25-40
25-40 25-40
50 50
45 45
35 35
15 15
25 25

Central Business District

(CBD)
65
40-45
40-55
30-45
25-40
25-40
50
45
35
15

25

Note: Speed shown as miles per hour (MPH)

TABLE 16: DEFAULT CAPACITY BY TERRAIN, FACILITY TYPE, AND AREA TYPE

Facility Type

Flat
1. Freeway
2 Highway
3. Expressway
4. Arterial
5. Collector

6. Local

Rural (R)

2,000

1,800

1,100
900
700

600

Suburban
(SU)

2,000

1,800

1,100
900
700

600

Area Type
Urban (U) Fringe (F)
1,800 1,750
1,600 1,500
1,000 900
900 800
800 800
700 700

Central Business
District (CBD)

1,750
1,300
800
750
700

600
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9
10.
Rolling

20

21.

24

26

27.

28

pc)

TABLE 16: DEFAULT CAPACITY BY TERRAIN, FACILITY TYPE, AND AREA TYPE

Facility Type

Ramp: Freeway-
Freeway

Ramp: Slip
Ramp: Loop

Connector: Internal

Connector: External
(except major
gateways)

Freeway
Highway
Expressway
Arterial
Collector
Local

Ramp: Freeway-
Freeway

Ramp: Slip

Ramp: Loop

Mountain

31

32

3

34

35

Freeway
Highway
Expressway
Arterial
Collector

Local

Rural (R)

1,800

1,500
1,250

N/A

N/A

1,800
1,460
890
730
570

550

1,800

1,500

1,250

1,500
790
480
390
310

330

Suburban

(sv)

1,800

1,500
1,250

N/A

N/A

1,800
1,460
890
730
570

550

1,800

1,500

1,250

1,500
790
480
390
310

330

Area Type
Urban (U) Fringe (F)
1,800 1,800
1,500 1,500
1,250 1,250
N/A N/A
N/A N/A
1,620 1,580
1,300 1,220
810 730
730 650
650 650
640 640
1,800 1,800
1,500 1,500
1,250 1,250
1,350 1,310
700 660
440 390
390 350
350 350
380 380

Central Business
District (CBD)

1,800

1,500
1,250

N/A

N/A

1,580
1,060
650
610
570

550

1,800

1,500

1,250

1,310
570
350
330
310

330

=
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TABLE 16: DEFAULT CAPACITY BY TERRAIN, FACILITY TYPE, AND AREA TYPE

Area Type
Facility Type s .
uburban . Central Business
Rural (R) (SU) Urban (U) Fringe (F) District (CBD)
37 Ramp: Freeway- 1,800 1,800 1,800 1,800 1,800
Freeway
38 Ramp: Slip 1,500 1,500 1,500 1,500 1,500
39, Ramp: Loop 1,250 1,250 1,250 1,250 1,250

Note: Capacity shown as vehicles per hour per lane (VPHPL)
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ESTIMATION, CALIBRATION, AND VALIDATION

This section covers the model estimation with the enhancements of integrating D variables within the sub-
models and a revised inter-regional process to capture the interaction between household income and job
salary. Values presented in this section are those estimated based on the entire survey data set, and

Appendix L contains the resulting calibrated values.

VMIP 1 developed and implemented an integrated transportation and standard socioeconomic land use
forecasting model structure by expanding the pilot project for Kern COG. This system supports the travel
demand models by allocating study area forecast control totals of households and jobs by type to zones
within the study area based upon bid-rent economic principles. This approach to land use forecasting
provides a way of recognizing the important effects that linkages between spatial distributions of housing
costs, household incomes, and job industries have on intra- and inter-regional travel. It also provides a way
to automate the otherwise tedious and error-prone process of disaggregating land use assumptions
developed through scenario visioning exercises into more detailed household and job type stratifications

for travel modeling.

VMIP 2 re-estimated the trip generation, auto availability, and mode choice model components using data
from the 2012 CHTS. The fairly limited sample size, particularly for transit and non-motorized trips,
precluded the estimation of county-specific mode choice model coefficients. Instead, models were
estimated using data from all eight San Joaquin Valley counties, together with the six SACOG counties. Each
model was then calibrated to fit local conditions using CHTS data for its county/counties alone. Calibration

values are in Appendix L: Calibrated Parameters.

The table below shows the re-estimated model components for VMIP 2, including a description of the
model structure and a list of variables used. Detailed descriptions of each model component and its

estimation are in the following sections.
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Model Structure

Household Size

Household
Income

Housing Type

Accessibility /
D variables

Age of
population

Employment

School
Enrollment

In-vehicle travel

time

Out of vehicle
time

Cost
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TABLE 17: RE-ESTIMATED MODEL COMPONENTS

Vehicle Availability

Disaggregate: multinomial
logit

HH1, HH2, HH3, HH4, HH5

INCG1, INCG2, INCG3, INCG4,
INCG5

RUGT1, RUG3, RUG6

Intersection density, transit
accessibility to jobs,
employment density

Commute cost proportion of
household income

Trip Generation

Aggregate: 4-dimensional
cross-class models or
regression models. Stratified
by productions vs attractions
and trip purpose.

HH1, HH2, HH3, HH4, HH5

INCGT, INCG2, INCG3, INCG4,
INCG5

RUGT, RUG3, RUG6

Place Types based on auto
accessibility to jobs and
workers: pop1, pop2, pop3,
pop4, pop5

POP0005, POP0514,

POP1517, POP1824,
POP2554, POP5564, POP75

EMPEDU, EMPFOO, EMPGOQV,
EMPIND, EMPMED, EMPOFC,
EMPRET, EMPOTH, EMPAGR

ELEM, HS, COLLEGE

Mode Choice

Disaggregate: multinomial
logit. Stratified by trip
purpose and vehicle
availability + household size.

Intersection density, transit
accessibility to jobs,
employment density

Applies to all modes. Transit
amenities, if any, can be
discounted here.

Access/egress/transfer walk
and waiting time for transit,
parking time for drive-to-
transit, and passenger pickup
for shared ride.

Transit fare, plus toll and
parking costs as well as auto
operating costs for drive
modes.
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ACCESSIBILITY / D VARIABLES

All three of the re-estimated model components make use of built environment ("D variables”), particularly

the inclusion of accessibility. The table below describes the variables used.

TABLE 18: ACCESSIBILITY METRICS USED IN VMIP 2 MODELS

Metric Description Where used
EMP_30AUT Jobs within 30 minutes by auto Place Type calculation
WRK_30AUT Working-age population within 30 minutes by auto Place Type Calculation

Place Type categorization of job+worker to five

ATYPE categories. (See table 19 below). Trip Generation
LOG EMPD Log of employment density (jobs per developed acre) Auto Ownership, Mode Choice
INTDEN Intersection density (intersections per square mile) Auto Ownership, Mode Choice
EMP_30TRN Jobs within 30 minutes by transit Auto Ownership, Mode Choice
COMMUTECOST Average annual commute cost Auto Ownership

Place type is calculated from the sum of jobs within 30 minutes by auto and working-age population within

30 minutes by auto, and categorized into the five categories listed below.

TABLE 19: PLACE TYPES

Place Type Alternate Name Description
Category
1 POP1 Under 40,000 jobs + working-age population within 30 minutes by auto
> POP2 Between 40,000 and 100,000 jobs + working-age population within 30
minutes by auto
3 POP3 Between 100,000 and 200,000 jobs + working-age population within 30
minutes by auto
4 POP4 Between 200,000 and 450,000 jobs + working-age population within 30
minutes by auto
5 POP5 Over 450,000 jobs + working-age population within 30 minutes by auto

A full data dictionary of the accessibility metrics calculated in the model is in Appendix H: Accessibility

Variables.

(
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VEHICLE AVAILABILITY AND TRIP GENERATION

The original VMIP 1 resulted in all models generating person trips by vehicle availability from a very
consistent set of land uses. Household trips were generated for eight different purposes, and truck trips
were generated for light, medium, and heavy trucks. With the new CHTS data we have re-estimated the
vehicle availability and trip generation rates. In addition to the cross-classifications currently used in the
models we have added place classifications that relate jobs/housing, income and long distance commuting,
and other factors that were not available in previous data sets. To better link jobs and housing, the HBW
trip purpose was split into three purposes corresponding to high, medium, and low income households

and jobs.

Auto Operating Cost

Auto operating costs were determined using the methodology outlined in the memo prepared by MTC,
SCAG, SACOG, and SANDAG in October 2014 titled Automobile Operating Cost for the Second Round of
Sustainable Communities Strategies. The method uses county specific base year fuel prices, fleet mix and
fuel efficiency from EMFAC, and a consistent growth factor for fuel and non-fuel maintenance and operating

costs. See Appendix K: Memo on Auto Operating Cost for the full memo and methodology. The resulting

values for years ranging from 2005 to 20420 for each MPO is in Appendix L: Calibrated Parameters.

Vehicle Availability

The vehicle availability model is a disaggregate multinomial logit model which predicts the probability of a

household owning 0, 1, 2, or 3, or 4+ vehicles based on the following variables:

TABLE 20: VARIABLES IN VMIP 2 VEHICLE AVAILABILITY MODEL

Category Variable Description

Average annual commute cost divided by

Cost Variable Commute Cost Ratio .
household income

Intersection Density Intersections per square mile
Accessibility Variables Transit Accessibility Jobs within 30 minutes via transit

Employment Density Log of (jobs per developed acre)

Household Size See size categories in Table 9
Hou.sehold Demographic Household Income See income categories in Table 10
Variables

Household Residential Unit Type See residential unit type groups in Table 11
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The commute cost ratio variable is an estimate of the proportion of a household's income required to own
vehicles. It is derived from a county-level estimate of per-mile auto ownership costs, tract-level estimates
of commuting VMT derived from the EPA’s Smart Location Calculator, an annualization factor of 250
working days per year, and the household income. The variable is applied on a per-vehicle basis, so that
owning no vehicles incurs no cost, owning two vehicles incurs twice the cost of owning one vehicle, and

SO on.

The table below provides the coefficients of the auto ownership model. In its draft form the model was
estimated without alternative-specific constants. These constants were set for each model individually

during model calibration.

TABLE 21: VMIP 2 AUTO OWNERSHIP MODEL COEFFICIENTS

0 Vehicles 1 Vehicle 2 Vehicles 3 Vehicles 4+ Vehicles
Alternative-Specific Constant
CommuteCostRatio 7.51 3.95 0.00 0.00 0.00
PedOrintDens 0.009 0 0 -0.004 -0.004
TransitAccessibility (x1000) 0.009 0.010 0 -0.051 -0.112
LogEmpDensity 0.39 0.24 0 0.00 -0.19
RUGroup=RU1 0 0 0 0 0
RUGroup=RU3 1.27 0.53 0 -1.53 -1.53
RUGroup=RU6 0.27 -27 0 0 0
HH_size=1 -1.16 1.5 0 -3.15 -4.94
HH_size=2 -3.03 -0.42 0 -2.26 -4.19
HH_size=3 -3.37 -0.24 0 -1.34 -3.40
HH_size=4 -4.02 -0.66 0 -1.61 -3.13
HH_size=5+ -3.50 -0.89 0 -1.32 -2.44
HH_inc=IncG1 0 0 0 0 0
HH_inc=IncG2 -1.33 -0.28 0 0.86 0.98
HH_inc=IncG3 -3.87 -0.93 0 1.2 2.35
HH_inc=IncG4 -2.98 -1.55 0 1.55 2.35
HH_inc=IncG5 -4.23 -1.96 0 1.44 2.87

(o
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Note the model uses owning two vehicles as its base, and calculates the relative probability of owning fewer

or greater vehicles; thus the model coefficients describe relative probabilities as in the example below:

(Prob(O vehicles)
In

Prob(2 vehicles)) = 7.51(CommuteCostRatio) + 0.0093(PedOrIntDensity) + ...

The coefficients for this model are generally intuitive in direction and scale.

e Higher commuting cost increases the probability of owning 0 or 1 vehicles, and decreases the
probability of owning 3 or 4 vehicles, as compared to the baseline of 2 vehicles.

e Higher scores for the three accessibility variables, indicating generally better accessibility by non-
auto modes, increase the probability of owning 0 vehicles (and sometimes also 1 vehicle) relative
to owning 2; and decrease the probability of owning 3 or 4.

e Household income is the demographic variable which has the largest influence in auto ownership.
Generally as incomes go up, probabilities of owning 0 or 1 vehicles go down, and probabilities of
owning 3 or 4 vehicles go up.

e Household size behaves in the expected way, with probability of owning 0 or 1 vehicles going
down as household size increases and probability of owning 3 or 4 vehicles going up.

e Multi-family unit types are more likely to own 0 or 1 vehicles, and less likely to own 3 or 4
vehicles, than single family. There weren’t enough records in the RUG6 “other” category (RV,
mobile home, etc.) to distinguish them from single family, and they were generally more similar to
single family than multi-family uses, so they share the same coefficients as single family.

An important consideration for future model development is that car sharing and transportation network
companies (i.e.,, UBER, LYFT, etc.) are changing auto availability dynamics and potentially long-term auto
ownership. As more data becomes available it may be appropriate to modify the auto ownership model to

recognize these changes and focus more on auto availability across multiple sub modes and costs per mile.

Trip Generation

The VMIP 2 models generate person-trips from a consistent set of land uses, using cross-classified
residential data, for a number of purposes including non-home-based purposes, K-12 and college trip
purposes, and generate small, medium, and heavy truck trips. We have re-estimated trip generation rates,
excluding truck rates, with the new CHTS data. The most significant changes in trip generation as compared

to original VMIP 1 are listed below.

e Trip generation considers accessibility using the place type variable described in

e Accessibility / D Variables.

(
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e Non-home based trip generation is based on the new categorization of employment.

e HBW trips are expanded into three new categories: HBW-High, HBW-Medium, and HBW-Low.
These categories are based on household income on the production side and proportions of
worker incomes for each employment category on the attraction side.

e Trips are classified as internal to internal (1), internal to external (IX), or external to internal (XI)
based on percentages calculated from CHTS data. These percentages are calculated by trip
purpose and by CDP.

Home-Based Productions: Cross-Classification Models

Three of the home-based trip productions (HBW, HBS, and HBO) were estimated using cross-classification
models. These models are applied to socio-economic-demographic (SED) data which has been cross-
classified by four variables: household size, household income, residential unit type, and place type (as

described in section Accessibility / D Variables.

Estimation of trip rates using cross-classification models must ensure all cross-classification groups have
large enough sample sizes to produce sufficient variability to obtain a stable average trip rate. Because not
all cross-classifications of the variables above do in fact have a large enough sample size, some cross-
classifications were estimated in aggregate, resulting in identical trip rates being estimated for some cross-

classification combinations.

Variables were added to the cross-classification model sequentially, and with each added variable existing
groups were only subdivided if there was sufficient sample size (generally at least 40 households) to support

a split. The order in which variables were added to the cross-classification models was as follows.
e Household siz