ata [1me

with J. M. Christoph, PhD




Why are we doing this~

Highlight modeling & analysis by RPA's research team

Recognizing the contributions of:
e Members: Dan Bilka Mike Christensen
RPA Interns: Maxwell Middleton, Maximillian Pohlenz, Rifga Khadim
Student Collapborators: Cecelia Paparella, Elizabeth Hartmetz
USM Trent Lott Center
The entire RPA stalf

Focus on work done with the following groups:
o Sally Mead Hands Foundation
« Maine Rail Croup & TrainRiders Northeast
e Transportation For America



How does RPA's modeling work™

1. Predicting ruture ridership pased on demograpnic &
geograpnic data from the US Census

2. BEstimating economic impact of Amtrak ridersnip with
Nnput-output software

3. Quantitying environmental benefits of Amtrak
ridersnip Iin economic terms



- Predicting

Ridersnip



Measuring Geograpny & Population

Variable # of : .
Category  Variables Variaples st

% Employed in: Agriculture, Transportation, Finance,
INndustrial 7@ Professional Services, Education, Construction,
Manufacturing, VWholesale, Retall

% Car-Free Households, % Transit Commuters,

Travel S % Walking/Biking Commuters, Roadway Density, Transit Stop
Density, Number of Commmercial Airports, Rail Route Density,
Numiber of Amtrak Stations



NMost Predictive Variables

Variable Category Scale Factor

Unemployment Rate Demographic +0.185

% Car-Free Households Travel +0.096

Median Household Income Demographic  +0.0000317/8

% Employment in Education Industrial -0.057/

% Employment in Agriculture Industrial -0.093

% Employment in Construction Industrial -0.126



-xample: Downeaster Extension

County Pop Y ] Y 5

Statewide Total: % 220143 24637 30998
berla 33809 26196 32,960

oscoggin  N5272 36,240 45597
128,461 36,034 45338

Somerset 51338 7091 9175

156,840 31479 40,729

332, /02 Riders Aroostook 66,776 5406 6995

260 554 Riders

N first year

after 5 years Oxford 60,039 4703 6085
Hancock 56946 12988 16804

ON TOD OF Knox 40981 13380 17312
R YWellele 40617 9930 12926
o1 9a6 bowneaster Sagadahoc 37582 31919 41298
r\ders N FY2024 Lincoln 36491 6132 7934
Washington 51,5835 5,281 4,245

Franklin 30902 8584 11106

Piscataquis 17,452 2474 35,201




Maine Ridersnip Projections

1-Year 5-Year
Ridership Gain Ridership Gain
56,240 45597

I > 474 I 3,201



L butwhat about frequency”
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Lyes, what gbout fregquency?
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Does timetaple affect ridersnip?

Riders per Capita

1 TPD Ridership vs. Timetable
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Riders per Capita

Riders per Capita
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Ridership Takeaways

e Frequency less than 5 trains/day leaves riders unserved,
out when the train comes matters less than youd think

« Precise timetable planning reguires more data than
advocates can access at the early proposal stage

o FOr best ridership predictions: look at who is most likely
to take the train, then look at where they're traveling



Economic Impacts



VWhat passengers do on their trips

Per-Caplita Tourist Spending by State

Minirmum Median Maximum
SYgle]elellale] $14.41 (1D) $40.01 (AZ) $170.86 (NH)
Dining $20.66 (WV) $66.46 (MO) $22716 (NC)
Entertainment $14.89 (KY) $£35.93 (VA) £198.62 (NV)
Relejellale $12.19 (WV) $65.39 (NE) $226.39 (FL)
lransportation $13.59 (WV) $56.18 (M) $346.32 (UT)



IMPLAN Input-Output Model

Indirect Direct Induced

Impact /mpgcf Impact
Ingredient Rectaurant Furnisning

Emp/oymem supplier supplier
Income salary/wage salary/wage

Restaurant
INVEests in new
furnishings

Passenger buys
a meal at a
restaurant

Restaurant

Output purchases
ingredients

\Value Added value Added value of Added value
Added of ingredients meal to the of furnishings
passenger to restaurant

Lo restaurant




-xample: Downeaster Extension

Impact of Passenger Spending in Counties with New Stations

Thousands
©
ND
[On
O

Androscoggin Kennebec Somerset Penolbscot
m Shopping (Direct) B Dining (Direct) B Entertainment (Direct) ®Lodging (Direct) B Transportation (Direct)

O Shopping (Total) ODining (Total) O Entertainment (Total) 0O Lodging (Total) O Transportation (Total)



-xample: Downeaster Extension

Direct Impact
of Passenger Spending

027,524.85

I 42,600.93

g Statewide
Direct Impact:
$9,870,291.46

\ F ,f; ;;«:’L
Cumberland County:
$5,810,861.74

Total Impact
of Passenger Spending

955,059.71

I57,482.87

7 Statewide
Total Impact:
$15,582,235.40

Cumberland County:
$9,645,266.329



Nationwide Impact by Route (part 1)

160
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100

30
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ND
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m Operating Cost  mFare Revenue



Nationwide Impact by Route (part 2)

Million Dollars

500

250

200

150

100

o)
O

Coast
Starlight

Empire
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CA SW Chief
Zephyr

m Operating Cost

Sunset City of
Ltd - TX New
Eagle Orleans
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Lake Capitol  Cardinal Crescent Silver Star
Shore Ltd Ltd

B Direct Ridership Impact

Silver
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Nationwide Impact by Route (part 3)

Million Dollars

500

450

400

350
300

250

200

150

100
50

Coast Empire CA SW Chief Sunset City of Lake Capitol  Cardinal Crescent Silver Star  Silver
Starlight Builder  Zephyr Ltd - TX New  Shore Ltd Ltd Meteor
Eagle Orleans

B Operating Cost mFare Revenue B Direct Ridership Impact mindirect + Induced Impact m Total Impact



Operating Ratio vs. Multiplier Effect

-rJJﬂrJJJ|I

Coast  Empire CA  SW Chief Sunset City of Lake  Capitol Cardinal Crescent Silver Silver N=® Acela
Starlight Builder Zephyr Ltd - TX  New Shore Ltd Star Meteor
Eagle Orleans Ltd

N

(ON,

N)

J—

m Operating Ratio  mMultiplier Effect



National Network Per-Capita Impact

US Overall:
$6.47



- Corridor Per-Capita Impact

$241.42

$46.13

‘;';\\ g b
o J$152.95

DC: $1551.10
per resident

$241.14



Passengers and taxpayers save $%

$10,000

Thousands

$1,000 n
$100 ‘

$

O
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O o ) © & & O « 0 0‘3’ 0 0 N
* O-‘S & >° QOQ & i \(\0 < \$® N 2 60(9 & & '\QQ
& $ &’ < < R e & NG O B
N P 0& Ne oY Q v W
v
m Avoided Travel Costs B Reduced Crash Fatalities B Avoided Road Maintenance

m [otal New Tax Revenue m Reduced Pollution



-conomic Impact of [1JA

Project Region Direct Indirect & IJA Award Value  Total Economic
Employment Induced Jobs lmMmpact
NEC 75,356 26,638 $15.8 Billion $22.1 Billion
CAHSR 17144 10,863 $2.33 Billion $6.02 Billion
Brightline West 15208 9 444 $3.00 Billion $5.29 Billion
North Caroling 7 374 4 344 $1.20 Billion $212 Billion
\Vilsellals 4 093 2025 $736 Million $117 Billion
Gulf Coast 1,251 595 $178 Million $296 Million

. allof which the administration
s trying to unilaterally withhold.



—Cconomic Impact summary

« Main economic penefit of Amtrak comes not from revenue, but
from passenger spending at destinations

o Train travel saves both passengers and taxpayers money,
compared to other modes

« New services can contribute 2 to 8 tirmes more to the economy
than they cost to operate

 The National Network and NEC are not in competition

o [Mpact of Infrastructure upgrades is felt long before service begins



5. Environmental Impacts

(why should we care?)



VWe o care about climate!

Fig. 2; Percentage of people who Fig. /. Percentage of people who
oelieve Earth will continue to warm in believe government should do more to
the future. address glopal warming.

NH
VT 76% ME nn
ND 85% 80% VT 68% 70%
MN 65%
73% wi MA o NY MA
sh o NY o, Rl o o
74% o8% ' i 80% 81% 86% i 4%  TW% Rl
72% CT 64% NJ 82%
NE IA ;’éc/ Ny 74% = P S cr
74% 7% OH MD. 82% OoH  67% 72%
L IN 729 MD A I N e
77% 68% 85%" DE

o EAS DE
WV 69% 61% wy 71%
§15% Mo Ky 76% YA 3%

67%
72% M Ky 64% VA
66% "z 62%
TN 4 ’
OK 76% 79%
o AR SC
72% 5
70% 75%
Ms AL SO
80% 67% 2
LA
7%

Macdonald, Maclnnis, and Krosnick, Climate Insights 2020: Opinion in the States



~We just think others don't care

25.2%
+57%

23.8%
+62% 259%

+6.1%
25.9%

288% L — +55%

+55% . 308%

26.7% \ +6.4%
+55% 28% 25,19 26.8%

+55% ="155% +57%

28.6% p—305%
208% * 5.5% +6.4%
+55% 28.6% 26.1% 27.7%
28.5% +6.3% +55% +56%
+56% 28.5% 29.3%
e +55% & e
+5.6% 28.8%

+57%
28.3% Misperception Level

+5.5% ‘ 35

30
25
20
15

10

Sparkman, Geiger, and Weber (2022) Nature Communications




Ceograpny of Emissions

Maine USA
Total Emissions 149 M tons 4 934 4 M tons
Emissions 10.6 tons/person 15.9 tons/person
per Capita 26.9 tons/household 405 tons/household
Transportation 48.4% 57.5%

Public transit in rural Maine is
sparse. Improving it could help the

state fight climate change

Charlie Eichacker ﬂ u =

Data from Jones and Kammen 2013, Env. Sci. & Tech. 16.00 20,00

Map from https://coolclimate.org/maps |
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"Soclal Cost of Carpon’ (SCCH

o Warming climate » Natural disasters » Economic costs
o Whatisthe total cost of damage a given amount of
CO> would cause?

« Emissions price » Incentives change - Invest In mitigation
o Whatisthe minimum price we would need to pay to
decarponize?



—How TO calculate SCCY

How much do you care about...
o when the damage occurs: within a project lifetime
or further in future?
o how permanent the damage is: can it
be repaired or is the harm irreparable?
o how disproportionate the damage will be on places

with less resources?

All of these make SCC go up!

Figure 2 from Liu and colleagues 2022, Env. Research Letters

Framework of the PAGE integrated assessment model

Parameterization

Over 150 input paramete

approximated by triangu

distribution were calibrated
using expert models

Emission module

Simulate concentrations of
GHGs and radiative forcing
(RF) levels based on
emission projections

l

Climate module

Simulation of global and
regional warming, and then
sea level rise as a linear
lag function of temperature

Uncertainty

Uncertaintie
change
functions : eflectec
100,000 Monte-Carlo runs

Mitigation module

Create emission pathways
and estimate abatement
costs relative to business-
as-usual {(BAU)

Cryosphere module

<+—p Dynamic model emulators

of the nonlinear Arctic
feedbacks (PCF & SAF)

Socioeconomic

Socio-aconomic data and
emission projections from
shared socioeconomic
pathways [SSP) database

}

Policy module

aling different climate
nolicies as mitigation and
adaptation measures

l

Adaptation module

Autoncmous and planned
adaptation, considering
regional adaptation gaps
and adaptation costs

t—l

Impact module

Threugh damage functions
the impacts of climate
change are expressed
as a propertion of GDP

Discounting module

<+—» Compresses future climate

damages into net present
values (NPVs)

Projected economic impacts of future climate change




VWhat value should SCC pe?

‘Reward of the Farsighted’

. . Mminimum to bring

c
2
=
W
-

-
o

atmospheric CO2 < 400ppm

Cerasoli and Porporato 2023, Sustainability Timto(yr) o0
. . highest published
estimate to date -
Liu and colleagues 2021, Env. Res. Letters E_
« SCCestimates last =
0
decade: policy severely lags ey Time ()

SCC ($/tCOz)
— 30 == 50 = 100

Tol 2022 Arxiv



How RPA's model uses SCC

Personal Car 184 g/pax-mile
Airline 239 g/pax-mile
. _ Trips Shifted fﬁgﬁm/ss@ﬂg
Intercity Bus 138 g/pax-mile o Rail from rail vs.
other modes
Amtrak Diesel 171 g/pax-mile

Amtrak Electric  92.5 g/pax-mile

/mMportant Caveats:

* New Amtrak diesel equipment emits significantly less eCO; Calculated

C = g0 e A~
Savings

«  Regional variation in travel patterns matters @ LOT



VWhat RPA's model snows

o Benefit of reduced emissions scales linearly with
ooth ridership & SCC

e L57/ton (2024 Interagency Working Group
recommendation); < 1% of total econ. impact of ridership

e $100/toN (Minimum which achieves 400ppm in year
2100): 1.5% of total econ. impact of ridership

« S446/ton (low-end of estimates considering future
damage); ©.6% of total impact

o $1925/ton (high-end estimate): 28.3% of total impact

50%
28%
20%
24%
22%
20%
18%
16%
14%
12%
10%
8%
6%
49
2%

0% -+

Benefit of Reduced

Emissions Compared to

other Benefits of Rall

O 500
SCC ($/ton) »

1000

1500

2000



- MISSIOoNS peneTits breakadown: Maine

Statewide 10,000,000

—Cumberland

SCC

Savings Androscoggin
1,000,000 ] Kennebec
$57/ton $277,800 8 —Sagadahoc
% 100,000 Penobscot
A York
$100/ton $478 300 8 w7 10.000 KNOX
- 8 —Hancock
c O 1000 —waldo
$446/ton $2,173,000 O % —Franklin
q(; g 100 Somerset
O) —Lincoln
$1,925/ton  $9,380,000 .= 10 — Aroostook
% —Oxford
2 1 | | | —\\ashington
w 10 100 1000 T lcetequls

SCC ($/ton) »



VWNnat 1s to be done”?

e I docsn T take much to motivate climate solutions

o Createst environmental impact comes from
Mode Snhift :car & (short) plane trips =2 [rain [rips

o Electrification has smaller comparative environmental
mpact than mode shift, but it gets us to the finish line



LE\/EFQAGE [

.Sowhat are we supposed do with all this data?



PPA's researcnh Tills a niche

Where else could you go for data analysis supporting passenger
rail expansion?

Mainstream consulting fIrmMs (expensive, not rail experts)

Transportation planning groups (expensive, produce more
detailed studies suited for projects already under development)

~and then there's RPA:
o Rail experts
« Right-sized for early advocacy
o Affordable
« TRUSTED



VWhat RPA research needs:

Please DO NOT send member donation checks for research.

INnstead, help connect us with customers outside our membership whno
could use our research services.

Plegase DO NOT write or submit unsolicited grant applications on
RPA's benalf.

INnstead, help connect us with funders outside our membership whom we
could partner with on projects.

Please volunteer with task groups organized by staff & committees.

WeE CAN USE YOUR HELP!
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