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HSR in California

 Why am I here?
 California HSR in Context
 California HSR project: what happened, why?
 Megaprojects: why can’t we do them right?
 What should we do?



My Background

 US DOT team that created Amtrak, ran NECIP ($10 
billion in 2024$)

 World Bank Railways Advisor 1987-2003
 TGA transportation consulting worldwide
 TX HSR project Peer Review Group
 15 years (12 as Chairman) of CA HSR Peer Review 

Group reporting to Legislature
 Consultant to Caltrain and VTA



HSR Experience: It Works!?
(HSR is >150 mph or so)

 Japan – “Shinkansen” 1964
 France – “TGV” 1981
 Germany – “ICE” 1991
 China – 2008
 Italy, Taiwan, Korea, and others



Shinkansen 

 “Shinkansen” 1964
– Separate system (Std gauge) 

from Tokyo to Osaka in 1964 
(WB helped finance !)

– Now covers most major cities
– To date ~8 billion passengers, 

zero fatalities from train 
accidents

– Average delay: 9 seconds!
– HSR lines “profitable,”
– Old JNR “privatized” in 1987  

Now 6 companies



France

 “TGV” 1981
– Uses both HSR and 

conventional lines
– Serves most major cities 

and connects to UK, 
Belgium, Spain, 
Switzerland and Germany

– To date, 2 billion 
passengers, no fatalities 
from accidents

– Some TGV lines 
“profitable”: SNCF very 
unprofitable



Germany

 “ICE” 1991
– Mixed speed system 

(speeds and lines)
– Germany, Austria, 

Switzerland, Belgium and 
Netherlands

– To date 1.5 billion 
passengers

– Major accident: 101 
fatalities

– DB major financial 
problem for Germany



China

 Started 2008 (!)
– 28,000 miles by 2023, 

headed for 30,000 or more
– About 18.5 billion 

passengers so far
– Multiple objectives, not 

just “profitability”
– Complex organization 

(national/local)
– Financial impact uncertain 

(very high debt)
– Wenzhou accident, 40 

fatalities
– WB planning and studies



Major HSR Systems
(2023)

 HSR Line 
Miles 

Passengers 
(000)

Passenger-
Miles 

(000,000)
China 27,967   2,897,880 610,698    
Japan 1,800     349,885     61,070      
Germany 1,729     107,857     23,571      
France 1,687     127,997     37,057      
CA HSR (est) 520        39,000 ~10,000


Total Rail

		Railway Tracks and Passenger Traffic in 2018

				Total Line Miles (000)		Passengers (000)		Passenger-Miles (000,000)								Total Line Miles (000)		Passengers (000)		Passenger-MIles (000,000)

		China		88.5		3,374,950		878,504						China		88.5		3,374,950		878,504

		Russia		57.0		1,157,214		80,339						Russia		57.0		1,157,214		80,339

		India		46.0		8,439,000		718,605						India		46.0		8,439,000		718,605

		Japan		12.8		9,368,477		166,480						Japan		12.8		9,368,477		166,480

		Germany		22.4		2,122,827		49,550						Germany		22.4		2,122,827		49,550

		France		18.9		1,238,069		58,469						France		18.9		1,238,069		58,469

		Poland		12.4		48,869		7,233						Poland		12.4		48,869		7,233

		U.S. Class I/Amtrak		99.7		32,665		6,475						U.S. Class I/Amtrak		99.7		32,665		6,475

		Canada (VIA)		32.1		5,007		1,054						Canada (VIA)		32.1		5,007		1,054







HSR systems



		Railway Infrastructure and Traffic in 2018





				HSR Line Miles (000)		Passengers (000)		Passenger-Miles (000,000)						HSR Line Miles		Passengers (000)		Passenger-Miles (000,000)

		China		18.57		2,054,300		426,745				China		27,967		2,897,880		610,698

		Japan		1.80		370,216		61,703				Japan		1,800		349,885		61,070

		Germany		1.68		99,208		20,620				Germany		1,729		107,857		23,571

		France		1.68		112,655		37,230				France		1,687		127,997		37,057

												CA HSR (est)		520		39,000		~10,000





HSR Traffic



		HSR Passenger Traffic

								1964		1965		1970		1975		1980		1985		1990		1991		1995		2000		2005		2006		2007		2008		2009		2010		2011		2012		2013		2014		2015		2016		2017		2018		2019		2020		2021		2022		2023

		JRs (Shinkansen)		Japan		Passengers (000)		11,018		30,967		84,627		157,218		126,000		180,000		260,057		275,104		275,900		280,607		301,336		305,046		315,778		310,237		288,836		292,037		297,125		321,419		333,474		339,760		350,465		285,755		377,441		370,216		370,216		201,646		183,717		259,339		349,885		7,535,226

						Pass-Km (000,000)		3,912		10,651		27,890		53,318		41,790		55,423		72,173		74,221		70,827		71,154		77,903		79,439		82,823		81,658		76,309		77,426		79,532		86,001		89,177		90,280		94,313		78,243		101,247		99,360		99,360		47,894		44,289		68,189		98,341				281.0666361805		174.5423810681

		SNCF		France		Passengers (000)														15,380		29,930		37,000		46,590		79,685		94,020		97,862		105,366		116,054		114,395		112,558		111,533		110,825		109,796		108,978		103,230		104,189		108,721		112,655		64,439		86,187		119,199		127,997		2,116,589

						Pass-Km (000,000)														9,300		14,900		17,900		21,430		34,747		43,130		44,853		47,966		52,564		51,864		51,890		52,044		51,086		50,786		50,659		49,980		49,104		58,280		59,951		35,804		47,704		64,462		59,673				466.2062392087		289.5140745486

		DB AG		Germany		Passengers (000)																		5,100		27,259		41,610		66,819		69,533		70,531		74,700		73,709		78,507		76,100		76,600		78,770		77,951		79,451		83,422		86,732		99,208		54,970		57,204		98,109		107,857		1,484,142

						 over time																		2,000		8,700		13,925		20,853		21,635		21,919		23,333		22,561		23,903		23,306		24,753		25,178		24,316		25,280		27,213		28,502		33,204		18,153		19,572		33,988		37,957				351.9196714168		218.5421159498

		China Railways		China		Passengers (000)																												7,000		47,000		133,000		286,000		388,000		530,000		703,780		1,137,000		1,444,000		1,713,000		2,054,300		2,358,330		1,557,070		1,922,360		1,275,330		2,897,880		18,454,050

						Pass-Km (000,000)																												1,600		16,200		46,300		105,800		144,600		214,100		282,500		386,300		464,100		587,560		687,190		774,670		484,490		606,420		438,610		983,410				339.3549767416		210.7394405565

		Source: UIC, International Railway Statistics 2018, Table 10 and Table 50.  

		Source; National Bureau of Statistics of China. China Statistical Yearbook.  http://www.stats.gov.cn/tjsj/ndsj/

		* High-speed as defined by the railway.  For DB this would include some traffic <250 Km/hr





























Japan	1964	1970	1980	1985	1990	1991	2000	2005	2008	2010	2015	2018	11018	84627	126000	180000	260057	275104	280607	301336	310237	292037	350465	370216	France	1964	1970	1980	1985	1990	1991	2000	2005	2008	2010	2015	2018	15380	29930	37000	79685	94020	116054	112558	103230	112655	Germany	1964	1970	1980	1985	1990	1991	2000	2005	2008	2010	2015	2018	5100	41610	66819	74700	78507	79451	99208	China	1964	1970	1980	1985	1990	1991	2000	2005	2008	2010	2015	2018	7000	133000	1137000	2054300	Japan	1964	1970	1980	1985	1990	1991	2000	2005	2008	2010	2015	2018	3912	27890	41790	55423	72173	74221	71154	77903	81658	77426	94313	99360	France	1964	1970	1980	1985	1990	1991	2000	2005	2008	2010	2015	2018	9300	14900	17900	34747	43130	52564	51890	49980	59951	Germany	1964	1970	1980	1985	1990	1991	2000	2005	2008	2010	2015	2018	2000	13925	20853	23333	23903	25280	33204	China	1964	1970	1980	1985	1990	1991	2000	2005	2008	2010	2015	2018	1600	46300	386300	687190	

Passengers (000)



Pass-Km (000,000)









Table

		Business Plan		Length (Miles)		Capital Cost Est. (2022 $ billions)		Cost/Mile ($2022 millions)		Passengers (millions)		First Year of Ph 1 Operation

		2000		501		27.8		55.4		40		2020

		2008		520		42.6		82.0		55		2020

		2009		520		43.5		83.6		41		2020

		2012		490		68.5		139.9		37		2034

		2014		490		63.9		130.3		35		2040

		2016		520		64.3		123.7		41		2040

		2018		520		74.2		142.6		39		2040

		2020		520		80.4		154.7		39		2040

		2022		520		100.0		192.3		39		2040

		2023 PUR		520		130+		250.0		31		2040





Funding

		The Funding Gap Over Time

		($ 2022 Billions)

						2009 BP		2023 PUR

		Estimated Cost				34		130



		Funding Available

				Prop 1A Bonds		9.0		9.0

				Cap and Trade (2030)		--		4.5 - 8.8

				Federal (ARRA and 2010)		3.5		3.5

				Private Sector		8.5		--

				Planned Funding		21.0		17.0-21.3



		GAP based on Planned Funding				13.0		108.7-117.0



		Potential Additions

				Cap and Trade (2050)				10.0 - 20.0

				Federal				~2.0

				New State				?



		Remaining Unfunded GAP  as of now						86.7 -105.0

								-





Details

										Costant $						YOE $						Ratio YOE to const				Capital Costs (2024 $ billions)								Capital Cost/Mile (2024 $ millions)						Ridership Demand in full operation~ 5 yrs after start) (millions)

		Business Plan		Length				Year of $ If constant		Low		Med		Hi		Low		Med		Hi				Multiplier to 2024 $		Const Med		YOE Med		YOE Hi				Low		Med		Hi		Low		Med		Hi		First Year of Full Demand Operation		Planned Schedule SF to LA		Ops Rev (medium)		Ops Cost (medium)		Operating Ratio

		2000		703		Ph1+Ph2		1999				37.8																								0.0						42				2020		2:30		900		550		0.61

		2008		520		Ph1		2008				32.8																								0.0						39.9				2020		2:38		2562		1160		0.45

		2009		520		Ph1		2009				35.7						42.6				1.1932773109														0.0						41				2020		2.38		2871		1071		0.37

		2012		494		Ph1		2011		53.4		57.85		62.3		68.4		74.05		79.7		1.2800345722														0.0				20.6		27		33.4		2034		2:40		4696		2143		0.46

		2014		494		Ph1		2013				54.9						67.6				1.2313296903														0.0				27.5		36.7		47.3		2040				4342		2237		0.52

		2016		494		Ph1		2015				55.2						64.2				1.1630434783														0.0						45				2040				5947		2116		0.36

		2018		494		Ph1		2017				67.5				63.2		77.3		98.1		1.1451851852														0.0						39				2040				2434		955		0.39

		2020		494		Ph1		2019				71.9				63.3		80.3		98.1		1.1168289291														0.0				30.8		40.5		52.6		2040				5329		2366		0.44

		2022		494		Ph1		2021				86				76.7		94.2		113.2		1.0953488372														0.0				30.8		40.5		52.6		2040				6334		2366		0.37

		2024		494				2023				86				88.5		106.2		127.9		1.2348837209														0.0				21.8		29		31.4		2050				4444		2212		0.50

		1999		2000		2001		2002		2003		2004		2005		2006		2007		2008		2009		2010		2011		2012		2013				2014		2015		2016		2017		2018		2019		2020		2021		2022		2023		2024

		Notes and sources::

		2000		CAHSRA, "Summary of the High-Speed Rail System Business Plan," pg 1, June 2000

				CAHSRA, 2000 Business Plan "Executive Summary," pg 1, 2000

				CAHSRA, Business Plan report, Section 2.0 "Buildint a Hish-Speed Train Network, Table 2.1, section 2.4. Table 2.2 and same page for $550 million in operating cost

		2008		CAHSRA, California Hi-Speed Train Business Plan, November 2008, pages 8 (trip time),Fig 16, pg 17 and Fig 20, pg 18 (demand, revenue and ops costs), 																																														Fares 77% of air

		2009		CAHSRA, Report to the Legislature, December, 2009, pg 72,72,80,81 (demand, ops cost and revenue), 89 (cvapital cost)																																														fares 83% of air (pg 72)

		2012		CAHSRA "High-Speed Rail Program Revised 2012 Business Plan," April, 2012,, pg ES-13, ES-15, 3-10, 3-11 (capital costs), 5-17,5-19, 																																														Initiates Blended System SJ to SF

		2014		CAHSRA, "Connecting California, 2014 Business Plan, April 30,2014,  pg 35,36, for capital, 42 (ridership), 44 and 46 for revenue and ops cots

		2016		CA HSRA, Connecting and Trnasforming California, Draft 2016 Business Plan, February 18, 2016, pg 56 (capital) pg 70, (ridership), 72 and 74 (revenue and ops costs)

		2018		CAHSRA, 2018 Business Plan, pg 34,36,48 (capital cost), 97, (revenue and Ops costs).  NOTE: only $2017 available!

		2020		CAHSRA, "Draft 2020 Business Plan, Delivering the Vision", pg 106 (capital costs), pg 143 (ridership and revenue), 147 (O&M costs)

		2022		CAHSRA 2022 Business Plan, pg 79 (capital costs), pg 85 and 89 (Ridership , revenue and O&M costs).

		2024		CAHSRA		2014 Draft Business Plan, pg 91 (capital costs), 92 and 94 (ridership, revenue and O&M costs)
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HSR Project History

 Studies: 1980 (FRA) through 1996 (CA): HSRA Commission
 2000 BP: first entire system: ¼ % sales tax.  Base for Prop 1A
 2008 BP: Based on Prop 1A.  Ph 1 only, Rte. 99. 220 mph, 2hr 40 

min SF to LA Union. The “1/3s” mantra.  “Bookends”
 2009 BP: 1st Revision, added ARRA (Fed) $, started in the center
 2012 BP: Blended service (not separated) SJ/SF and Burbank/LA
 2014 BP: Suspend North, go South (BKF to LA)
 2016 BP: Suspend South, go North (SF to BKF)
 2018 BP: BKF to SJ only: possibly some trains to SF.  Added Cap & 

Trade funding (25%)
 2020 BP: Merced to BKF links: no connection to SJ
 2022 BP: Additional focus on Merced to BKF, ACE, SJJPA
 2024 BP: Cost increases, further problems (Trump!)



Project Evolution

Business 
Plan

Length 
(miles)

Est 
Cost $ 
of Yr.

Est Cost 
($2024 

billions)
Cost/Mile 
(millions)

Riders 
(millions)

1st Yr  Full 
Operation

Operating 
Ratio 

(cost/rev)
2000 703 37.8     79.4       113.0 42 2020 0.61
2008 520 32.8     55.7       107.1 40 2020 0.45
2009 520 35.7     60.2       115.9 41 2020 0.37
2012 494 57.9     101.4    205.2 27 2034 0.46
2014 494 54.9     89.3       180.8 37 2040 0.52
2016 494 55.2     82.6       167.2 45 2040 0.36
2018 494 67.5     96.8       196.0 39 2040 0.39
2020 494 71.9     96.7       195.8 41 2040 0.44
2022 494 86.0     107.1    216.8 41 2040 0.37
2024 494 86.0     108.8    220.2 29 2050 0.50



The Funding Gap From Then to Now
($ billions)

2009 BP 2024 BP
Estimated Cost 34 130

Funding Available
Prop 1A Bonds 9 9
Cap and Trade (2030) -- 13.4
Federal (ARRA and 2010) 3.5 3.5
Private Sector 8.5 --
Planned Funding 21 25.9

Gap based on KNOWN Funding 13 104.1

Potential Additions
Cap and Trade (2030 to 2050) 15
Federal* 4.7
New State ?

Remaining Unfunded Gap 13 93.8
*Trump wants it back



Where is the Project Now?

 Madera to near BKF only: environment/engineering for 
extensions

 Caltrain electrification done and successful (<25% overrun), 
LA Union through tracks suspended

 Plan connection to SJJPA at Merced and extend to BKF
 SJJPA to operate HSRA service from Merced to BKF (avoid 

deficit) with connection to Sacramento (“San Joaquins”)
 Major overruns on existing contracts so far and major delays
 Major cost unknowns (50 mi of tunneling, electrification, 

rolling stock): no bids or experience on >60% of the project
 New Federal money (if any) unlikely for next 4 years, maybe 

lose what they have.
 New State financing source needed beyond the CV.



Performance on Contracts so Far

CP1
CP1

Ratio of Actual 
Time to Award  
Time

Ratio of Final Cost to Contract Award 
Value

CP4

CP2/3

Average

CP1
$3.8, 159 mo

$3.7, 134 mo

$0.84, 106 mo

$0.3, 75 mo

($ Billions, Months)

On Time
On Budget



How Did This Happen?
 “Optimism Bias” (scope, schedule and budget): dishonesty versus 

delusion.  Promoters had “vision,” lacked knowledge/competence
 Major interests have very short-term objectives (Labor, Contractors)
 Unclear legislation -- diffuse and conflicting political/social objectives
 “Aspirational” funding plan (the “1/3s”).  Net result, inadequate and 

unstable funding made effective management impossible
 Passage by Proposition: unrealistic expectations, inadequate review, 

“orphan” when trouble came, poor public understanding of project 
magnitude

 “Free” federal (ARRA) money deadline forced decisions (rushed 
contracting, construction started prematurely and in the middle)

 Management too thin (over-dependence on consultants)
 Litigation, especially NEPA and CEQA (costly delays and changes) 

“NIMBYism is destroying the State” (Newsom)
 Wholly inadequate executive and legislative oversight



A closer look at (just) CEQA

 Bakersfield sued for a new route and station
 Farmers sued for alternate routes and indemnities for “conservation 

easements”
 Hospitals and churches sued for alternate routes and compensation
 Developer in Bakersfield sued because of potential noise impacts.
 City of Shafter sued and demanded tracks be raised onto a viaduct
 After a suit, HSRA paid City of Corcoran to “make up for aesthetic 

effects”
 Peninsula cities sued over noise impacts – ultimately lost
 UP railroad sued over taking land for a maintenance facility
 Burbank airport sued arguing that rail would impact on the airport
 NET RESULT: >$350 million and 15 years in environmental analysis, 

as well as years of project delay (and large legal costs).



So, What Should California Learn?

 Look gift horses in the mouth: visions aren’t projects
 Ensure planning and system performance objectives are realistic and 

accepted
 Place extreme emphasis on initial review and planning and don’t 

establish projects by popular vote (Proposition)
 Provide credible, stable and adequate funding: if you can’t fully 

pay for it, don’t start it
 Try to make at least somebody have skin in the game
 Need competent, adequate and stable internal management team 

without undue reliance on consultants (1.6+.8 on consultants)
 Streamline the litigation environment (both time and direct cost)
 PRG: Need to reassess the project, re-align objectives with 

credible funding and greatly improve oversight 



What should the Bank learn about 
Megaprojects

 Megaprojects affect multiple interests, far beyond the “project” 
boundaries.  You have to understand the country, not just the 
agency or department

 The evaluation of a megaproject entails more than just financial or 
economic analysis. 

 Megaprojects have a long time span and are especially subject to 
political and economic changes (inflation) during the project.

 Megaprojects will never be built by the private sector alone.  They 
are too large and they involve public as well as private benefits and 
costs.  But PPPs are a lot easier to promise than to deliver…

 Megaproject financing is never just based on a one-time loan: it 
must involve adequate, stable and predictable sources over time.

 Management capability is critical
 When money is involved, people don’t tell the truth.



Two Quotes About 
Megaprojects That Say It All
 “News that the Transbay Terminal is something like 

$300 million over budget should not come as a shock to 
anyone. We always knew that the initial estimate was 
way under the real cost … In the world of civic projects, 
the first budget is really just a down payment. If people 
knew the real cost from the start, nothing would ever be 
approved. The idea is to get going. Start digging a hole 
and make it so big, there’s no alternative to coming up 
with the money to fill it in.”  Willy Brown (Politician)

 “We have met the enemy, and he is us.” Pogo (Possum)



Plan B: the right direction today.  
Incremental improvements, carefully 
targeted for maximum value.  Focus 
on trip time, not max speed.  Make 
sure that there is enough money for 
solid and continuing operational 
support, not just construction. Focus 
benefits on riders, not consultants, 
contractors and construction 
unions.  Bring money and be patient.



Some references

 Flyvbjerg, Bent, Nils Bruzelius and Werner Rothengatter,  
“Megaprojects and Risk: An Anatomy of Ambition,” Cambridge 
University Press, 2003

 Altshuler, Alan and David Luberoff, “Mega-Projects,” Brookings, 2003
 Priemus, Hugo, Bent Flyvbjerg and Bert van Wee, editors, “Decision-

Making on Mega-Projects,” Elgar, 2008
 Flyvbjerg, Bent, and Dan Gardner, “How Big Things Get Done,”  

Currency Press (Random House), New York, 2023
 www,cahsrprg.com   Website for the HSRA Peer Review Group
 Lawrence, Martha, Richard Bullock and Ziming Liu, “China’s High-

Speed Rail Development,” World Bank, 2019
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