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Chapter Overview

The US and China together operate >70% of the world's urban CBTC route-kilometers

Calibrate US expectations against China's deployment scale and speed

Identify specific practices transferable within US regulatory and institutional constraints

Flag what does not transfer — given US procurement, labor, and safety-assurance requirements

Conclude with a practitioner checklist for US CBTC procurement



Scale and Speed — China's CBTC
Revolution
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U.S. vs. China CBTC Comparison Dashboard
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Figure 16.1 — China: ~7,200 route-km across 50+ cities vs. US: ~510 route-km across <10 agencies.



The Scale Disparity (2025)
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China's CBTC Deployment Timeline

*  2002-2007: Early pilots — Guangzhou Line 1 (Alstom/Bombardier), Beijing Line 5

®* 2008-2012: Rapid expansion catalyzed by Olympics/Expo; 15+ cities operational by 2012
®* 2012-2018: CBTC becomes the default standard; avg 2.5-3.5 new lines/year

®* 2017: Beijing Yanfang Line pioneers GoA 4 driverless operation in commercial service

®* 2018-2025: GoA 4 scales to 20+ lines (~600+ route-km); domestic suppliers dominate



Centralized vs. Decentralized Governance

y China: Five-Year Plans set quantitative y US: FTA grants are discretionary, agency-
urban rail targets (2,000 km in 14th Plan) by-agency, through annual appropriations

g NDRC approval creates coordinated g No national CBTC network plan; each
funding and demand visibility for vendors agency competes independently for

° National standards (GB/T codes, CAMET federal funding
guidelines) reduce per-project y NEPA, Buy America, Davis-Bacon add 12-
engineering 24 months to approval timelines

° Median project timeline: ~6 years ° Median US brownfield timeline: ~13-15
concept to revenue service years concept to revenue service



U.S. vs. China CBTC Project Timeline Comparison
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Figure 16.4 — Chinese EPC: 36-48 months vs. US DBB: 180-204 months from concept to revenue service.



Technology Transfer and
Indigenous Innovation
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Three Decades: Import to Domestic
Dominance

* Phase 1 (late 1990s-2005): 100% foreign dependency — complete import of CBTC systems

®* Phase 2 (2005-2012): Joint ventures (CASCO, TCT) with Siemens, Alstom — IP sharing and local
manufacturing

* Phase 3 (2012-2020): Indigenous product lines deployed in revenue service; 70%+ domestic
share by 2018

*  Phase 4 (2020-present): Third-country market bids (SE Asia, MENA); limited success outside Asia

* US market entry blocked by Buy America, FRA certification, NDAA Section 889, and political
environment



Huawei Clarification and Innovation
Frontiers

*  Huawei is NOT a CBTC vendor — involvement is trunking radio, LTE-R/5G-R, network
infrastructure only

*  Actual CBTC manufacturers: TCT (Beijing), CASCO (Shanghai), CRSC subsidiaries
* Chinese innovation frontiers: 5G-R pilots, virtual coupling research, Al-assisted dispatching
®*  Maturation gaps: <15 years service-life data; sparse EN 50126/128/129 documentation in English

*  Component-level supply-chain risk persists regardless of system integrator — apply NIST/TSA
frameworks



Procurement and Project Delivery
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U.S. vs. China Project Delivery Model Comparison
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Figure 16.2 — Chinese EPC (single integrator, fixed-price) vs. US DBB/DB (multi-contract, agency as integrator).
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Timeline Comparison: Chinese vs. US CBTC

Phase China (months) US (months) Key Drivers

Approval to award 12-18 48-72 NEPA, RFP process
Design completion 6-12 18-36 Standardized vs. custom
Procurement/mfg 6-12 24-48 Parallel vs. sequential
Install & testing 12-24 36-72 Coordination approach
Total 36-48 180-204 Structural differences



Five Mechanisms Adaptable to US
Contexts

* 1. Standardized reference designs — FTA CBTC Reference Spec could reduce engineering hours
15-25%

* 2. Operator-retained technical staff — reduce consulting costs 15-20% with in-house engineering
* 3. Rolling procurement at program level — master tenders covering multiple lines simultaneously
®* 4. Earlier integrator selection — Design-Build / Progressive Design-Build models

* 5. Safety-case precedent library — APTA/FTA sanitized FSA templates to reduce ISA costs 10-20%



Safety Certification — Different
Philosophies, Common Goals
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Comparative Safety and Regulatory Framework

COMPARATIVE SAFETY AND REGULATORY FRAMEWORK
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Figure 16.3 — Europe (IEC/EN + SIL), US (IEEE 1474.1 + SMS), China (GB/T + NDRC approval gates).
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Europe: Layered IEC 61508 — EN
50126/50128/50129; explicit SIL
allocation; notified-body type approval

US: Pluralistic — IEEE 1474.1 + APTA
voluntary + 49 CFR 670/674 SMS +
agency-specific processes

No two US agencies follow identical safety
certification procedures

Three Safety Architectures Compared

China: Prescriptive GB/T 30012;
centralized NDRC/MOHURD approval
gates; state-institute review

Wenzhou 2011 (CTCS, not CBTC):
schedule compression + insufficient
testing — 40 fatalities

Post-2012 urban CBTC: strong safety
record; extended commissioning windows
mandated



Lessons from Wenzhou for US
Practitioners

* Schedule compression and testing compression go together — resist political/commercial
pressure

* Organizational culture and dispatcher training matter as much as software correctness
* Independent Safety Assessment is a protective mechanism against institutional pressure
®* US practice is converging toward European-style ISA — a positive trend for safety assurance

®*  Chinese urban CBTC safety record post-2012 can serve as vendor reliability reference (with
context)



Bridging the Gap — Opportunities
and Constraints
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U.S.-China CBTC Cross-Learning Opportunity Map
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STANDARDIZED
REFERENCE DESIGNS
Modular architectures and
proven reference solutions
across cities and lines
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EPC DELIVERY SPEED
Integrated engineering—procurement
construction for fast, large-scale
CBTC project delivery.

| ROLLING PROCUREMENT

Framework agreements and
volume procurement to reduce
cost and shorten lead time.

RAPID FLEET CONVERSION
Efficient conversion of existing
fleets to CBTC with minimal
service disruption

DOMESTIC MANUFACTURING SCALE
Large-scale domastic supply chain,
cost competitiveness, and capacity

to support rapid expansion
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«— SHARED CHALLENGES —
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VENDOR LOCK-IN
Proprietary systems and
interfaces can limit choice,
increase lifecycle cost,

and constrain innovation.

TECHNOLOGY REFRESH
Keeping pace with evolving
CBTC technologies while
managing cost, risk, and
system continuity.

INTEROPERABILITY

Ensuring compatibility
across equipment, lines,
and networks; aligning
standards and interfaces.

'WORKFORCE DEVELOPMENT
Building and retaining skilled
talent across engineering,
operations, and maintenance
disciplines.

~

U.S.—CHINA CBTC CROSS-LEARNING OPPORTUNITY MAP
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INDEPENDENT SAFETY
ASSESSMENT RIGOR

Third-party verification and
validation to ensu Farty
and regulatory confidence.

CYBERSECURITY GOVERNANCE
FRAMEWORKS

Formal policies, risk management,
and lifecycle controls for secure
CETC systems.
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OPEN AND TRANSPARENT
PROCUREMENT

Competitive processes, clear
criteria, and accountability to
promote value and trust.

LABOR TRANSITION
MANAGEMENT
Structured reskilling, workforce

engagement, and change
management practices.

I.IIHG—TERM MAINTENANCE

L |!Ecvcle aﬁse'l mansgemart,

| MUTUAL LEARNING. STRONGER SYSTEMS. SAFER OPERATIONS. |

By exchanging strengths and addressing commaon challenges,

the U.5. and China can advance CBTC performance, safety, and sustainability worldwide.
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i Shared challenges

Two-diractional learning flow

Figure 16.5 — Areas of potential cross-learning despite policy constraints on direct collaboration.
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Structural Constraints on Adaptation

*  Buy America / BABA: 50-60% domestic content thresholds — non-waivable except in narrow
conditions

* Davis-Bacon prevailing wages: 1.5-2.0x federal minimum for skilled trades — non-discretionary

* NEPA environmental review: Adds 12-24 months; streamlined processes may reduce to 6-12
months

*  Fragmented transit governance: ~50 major US authorities, none with Chinese municipal operator
powers

* Path forward: targeted adaptation within existing constraints, not wholesale model adoption



Practitioner Checklist for US CBTC
Procurement

* Establish clear technical requirements aligned with IEEE 1474.1 and APTA best practices

* Engage operators early in design; retain in-house technical capacity for decision-making

*  Plan for robust ISA (engage during preliminary engineering); resist schedule compression

*  Front-load supply-chain risk assessment — geopolitical diversification per TSA/NIST frameworks

* Reference international deployment data as reliability benchmarks (with context adjustment)



Key Takeaways

1. China operates ~7,200 km urban CBTC across 50+ cities vs. US ~510 km — the 20:1 gap
reflects institutional structures, not technology capability

1. Chinese CBTC deployment velocity (median 6 years) vs. US (median 13-15 years) is
driven by centralized planning, standardized designs, and EPC delivery

1. Five adaptable mechanisms: standardized reference specs, operator-retained staff,
rolling procurement, earlier integrator selection, and safety-case precedent libraries

1. Three distinct safety philosophies (European SlL-based, US pluralistic SMS, Chinese
prescriptive codes) all achieve the primary objective of safe operation

1. The technology is ready — governance, institutional capacity, and long-term
commitment determine successful deployment; targeted adaptation of international
best practices strengthens US CBTC programs
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FEnd of Chapter 16

Questions & Discussion
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