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Executive Summary

The Transportation and Warehousing sector encompasses air, rail, truck, water, and pipeline
transportation along with warehousing and storage operations. The Department of Transportation serves
as the Sector Risk Management Agency under CISA'’s critical infrastructure framework because disruption
to transportation systems propagates immediately across every supply chain in the economy. When freight
stops moving, the consequences are not abstract. They are physical, immediate, and compound by the
hour.

The conventional assessment of this sector focuses on operational performance: on-time delivery rates,
load factors, revenue per ton-mile, and fleet utilization. Those metrics describe throughput efficiency. They
do not describe the structural conditions that determine whether the sector can absorb the next disruption
without transmitting it across the economy. The next major derailment. The next capacity shock from
carrier bankruptcy. The next wave of retirements in an occupation where the average age has risen to 47
and 62% of the workforce is Generation X or older.

The Four Frequencies framework examines a different layer. Where has freight capacity concentrated into
so few carriers that a single failure propagates across supply chains? Where do regulatory authority
structures leave the majority of carriers operating without continuous safety oversight? Where has safety
information that exists in monitoring systems failed to reach operators before incidents become
irreversible? And where has the operational knowledge that once distributed across experienced
workforces departed or concentrated in a population approaching retirement thresholds?

Transportation and Warehousing is a Tier 1 data coverage sector in this assessment: 14 structural metrics
across four federal data sources (DOT/FMCSA, BLS, OSHA, and EPA). The sector is also the site of one
of the most structurally revealing incidents in recent history: the Norfolk Southern derailment at East
Palestine, Ohio in February 2023: which provides forensic evidence for the structural patterns the data
describes. With approximately 6.8 million workers and over 300,000 establishments, the sector’s structural
conditions shape the physical capacity of the American economy.

Transportation and warehousing is structurally configured to accelerate the consequences of
the disruptions it exists to absorb. The sector has simultaneously concentrated freight
capacity into fewer carriers across every mode, created regulatory authority gaps where over
80% of approximately 567,000 active interstate motor carriers remain unrated by FMCSA,
generated injury rates nearly double and fatality rates nearly four times the national average,
and driven workforce departure dynamics more severe than any other Tier 1 sector. These
four conditions interact through specific structural pathways: when six railroads control 94%
of freight revenue, regulatory authority cannot reach 80% of motor carriers, safety signals
cannot be processed fast enough, and experienced operators depart at 93% annual
turnover, the next disruption will propagate across the economy with limited alternatives and
diminished capacity to respond.




THINNESS PERMISSION MANAGEMENT ABSENCE

Sector Structural Profile

Transportation and warehousing is structurally configured to accelerate the consequences of the
disruptions it exists to absorb. The sector has simultaneously concentrated freight capacity into fewer
carriers across every mode: six Class | railroads controlling 94% of freight revenue, the top 25 LTL carriers
holding 91% of market share, and more than 10,000 motor carriers exiting in the first half of 2024 alone
(Thinness). It has created regulatory authority gaps where over 80% of approximately 567,000 active
interstate motor carriers remain unrated by FMCSA (Permission). It has generated injury rates nearly
double and fatality rates nearly four times the national average while truck-specific fatality rates continue
rising despite declining absolute crash numbers (Management). And it has driven workforce departure
dynamics more severe than any other Tier 1 sector: 93% annual turnover at large truckload carriers, a
driver shortage projected at 82,000, and a demographic cliff where 62% of truck drivers are Generation X
or Baby Boomers while only 20% are under 35 (Absence). East Palestine demonstrated this interaction
with forensic clarity: a bearing overheat alert existed in a monitoring system, but the single analyst staffing
the Advanced Train Control desk was managing alarms from multiple trains simultaneously and could not
act on the signal before an axle separated beneath a train carrying hazardous materials. The structural
conditions that produced that incident remain measurable across the sector.

Four Frequency Severity Assessment

T Thinness SEVERE

Where structural slack has eroded below recoverable thresholds across every transportation mode. The
concentration pattern in transportation operates at multiple scales simultaneously, and each scale
amplifies the others.

Rail freight is the most visibly concentrated. Six Class | railroads now control 94% of industry freight
revenue. Before the Staggers Rail Act of 1980, more than 40 Class | carriers operated. The
Herfindahl-Hirschman Index for rail freight exceeds 2,200. Well above the Department of Justice threshold
of 2,500 that defines a highly concentrated market. Only two Class | railroads were deemed revenue




adequate in 2024 (CSX and Union Pacific, meeting the Surface Transportation Board’s 10.68% return on
investment threshold), suggesting structural financial stress on the remaining carriers. Proposed mergers,
including Union Pacific—Norfolk Southern, would further concentrate tonnage, container traffic, and
automotive freight. Each past merger removed an independent operational approach, an independent
safety culture, and an independent risk assessment framework from the system. That diversity was the
structural buffer against correlated failure.

Trucking presents a different concentration pattern. At the establishment level, 91.5% of carriers operate
10 or fewer trucks and 99.3% operate fewer than 100 power units. That fragmentation masks a
consolidation velocity that is accelerating. Yellow Corporation’'s August 2023 bankruptcy removed $5
billion in annual capacity and 30,000 jobs from the sector. Its 169 terminals were absorbed by larger
operators: XPO acquired 28 service centers for $870 million, Estes acquired approximately 50 locations,
R+L Carriers took 13 terminals for $282.5 million. The top 25 less-than-truckload carriers now control
$48.2 hillion of a $52.8 bhillion market: 91% market share. Nearly 10,000 motor carriers exited in the first
half of 2024. The structural reading: extreme fragmentation at the small-carrier end is not competition. It is
the population being thinned as rising insurance, compliance, and fuel costs make small-scale operation
structurally unviable. Each exit reduces the sector’s capacity to route around disruption.

Airlines exhibit moderate national concentration: the four largest carriers hold over 73% of market share
with a national HHI between 2,000 and 2,100. But this aggregate figure obscures severe route-level
thinness. Many city-pair routes are functional duopolies or monopolies. The national metric describes an
industry with choices. The route-level reality describes passengers and freight with none.

P Permission ELEVATED

The architecture of authority and constraint governing how safety decisions are made. The Permission
frequency in transportation operates at a level the framework classifies as Elevated: formal regulatory
structures exist, but the gap between those structures and actual safety oversight creates structural zones
where authority does not reach.

The most consequential permission gap is in motor carrier safety oversight. Over 80% of the approximately
567,000 active interstate motor carriers remain unrated by FMCSA. The most recent comprehensive rating
data (FY 2019) shows that of carriers reviewed, 55.7% received satisfactory ratings, 38% conditional, and
6.3% unsatisfactory. But that rating distribution describes fewer than 5,000 carriers out of more than half a
million. The remaining 80%+ operate without a safety rating determination, meaning the regulatory
framework that is supposed to ensure safe operations has not evaluated whether most carriers meet the
standard. FMCSA has redesigned its Safety Measurement System in 2024 to identify high-risk carriers
earlier, but the structural condition persists: authority lacks continuous visibility into the majority of the
regulated population.




FMCSA's enforcement architecture compounds this gap. The agency lacks statutory power to
administratively adjudicate or assess civil penalties directly. It must refer violations to U.S. District Court.
This creates a remediation lag: the authority can identify a safety violation but cannot sanction the carrier
immediately. The enforcement process depends on the federal court system’s timeline, not the urgency of
the safety condition. For a sector where the consequences of a safety failure are physical and immediate
(a derailment, a truck crash, a pipeline rupture), the permission architecture operates on a timeline
disconnected from the risk timeline.

OSHA'’s inspection pattern provides a complementary signal. Government-wide, unprogrammed
inspections (complaint-driven, injury referrals, regulatory referrals) accounted for 50.5% of all inspections
in FY 2024 versus 49.5% planned. A 50/50 split between proactive and reactive oversight indicates that
complaint generation has become normalized. Half of the safety oversight in the economy is triggered by
something already going wrong rather than by systematic monitoring designed to prevent it. OSHA'’s
Warehousing National Emphasis Program, active across all regions, focuses on high-injury establishments
in warehouse and distribution operations, concentrating authority attention where injury patterns have
already surfaced.

M Management SEVERE

The integrity of information the sector uses to manage safety and operational risk. Transportation’'s
Management frequency operates at Severe because the sector’s core function (moving people and freight
safely) depends on information systems that are demonstrably not converting safety signals into safety
outcomes at rates consistent with the risk they carry.

The injury data is direct. BLS Survey of Occupational Injuries and llinesses reports a total recordable case
incidence rate of 4.5 per 100 full-time equivalent workers for Transportation and Warehousing in 2023.
Nearly double the all-private-industry average of 2.4. Within the sector, the heterogeneity is severe:
couriers and messengers recorded an incidence rate of 9.2 per 100 FTE, generating 77,000 cases that
accounted for 29% of the entire sector’'s injuries. The structural reading: the sector's management
information systems are not distributing safety risk evenly. Specific subsectors absorb disproportionate
injury load, which means the safety management apparatus is either not reaching those operations or not
translating safety information into operational changes at those locations.

Fatality data sharpens the signal. Transportation and material moving occupations recorded a fatality rate
of 13.6 per 100,000 full-time equivalent workers in 2023: 3.9 times the all-industry average of 3.5. In
absolute numbers, 5,375 large trucks were involved in fatal crashes in 2023. While that represents an
8.4% decrease from 2022 in absolute fatalities, the truck-specific fatality rate per 100 million vehicle-miles
traveled rose to 1.76: a 1% increase. Fewer crashes, but each mile driven carries more fatal risk. The
divergence between absolute numbers and rate-based measures is itself a management information
signal: a sector that counts fewer total fatalities while generating a higher per-mile fatality rate is not getting
safer. It is moving less freight.




FMCSA crash data reinforces this pattern. Out-of-service rates measure the percentage of vehicles and
drivers removed from operation during roadside inspections because they fail to meet safety standards.
These are not projected risks. They are discovered conditions: trucks and drivers currently on the road that
should not be. Each out-of-service finding represents a case where the carrier’'s internal management
information did not prevent an unsafe condition from reaching the operating environment. The East
Palestine incident demonstrates the terminal form of this pattern: a bearing overheat alert existed in
Norfolk Southern’s monitoring system. The information was present. It did not reach the decision
architecture with sufficient speed to prevent the derailment.

A Absence SEVERE

Where critical knowledge and operational capability have departed or concentrated in a population
approaching exit thresholds. The Absence frequency in transportation operates at Severe (the most
severe Absence rating among the three Tier 1 sectors assessed so far) driven by workforce departure
dynamics that are structural rather than cyclical.

The headline number is the truck driver shortage, projected by the American Trucking Associations at
82,000 by 2025, up from approximately 60,000 in 2024. But the shortage number understates the
structural condition. Annual turnover at large truckload carriers (those with $30 million or more in annual
revenue) has averaged 92.7% from 1996 through early 2023. At smaller carriers, average turnover runs
approximately 78%. The sector is not merely failing to fill positions. It is replacing nearly its entire
large-carrier workforce every year while simultaneously unable to fill existing openings. Each departure
carries route knowledge, customer relationships, equipment familiarity, and operational judgment that no
onboarding program transfers. When turnover runs at 93% and the replacement pipeline is structurally
constrained, the sector is experiencing knowledge departure at a rate that prevents institutional learning
from accumulating.

The demographic profile compounds the turnover signal. The average age of truck drivers has risen from
42 in 1995 to 47 in 2024. Among company drivers and leased owner-operators, surveys report average
ages as high as 56 to 59.5. Generation X accounts for 40.8% of the trucking workforce and Baby Boomers
for 20.7%: a combined 62% of the workforce approaching or past traditional retirement age. Only 20.4% of
truck drivers are under 35, compared to roughly 35% of the total U.S. labor force. The pipeline of
replacement workers is structurally thinner than the population it must replace.

Rail faces a parallel pattern at different scale. Class | freight railroad staffing declined 28% from 2011 to
2021, during the same period that train lengths increased. The BLS projects 6,600 railroad job openings
per year through 2034, driven primarily by the need to replace workers transferring or retiring, with only 1%
employment growth forecast. The rail workforce carries specialized operational knowledge (signal
systems, track conditions, hazardous materials handling) that takes years to develop and cannot be
compressed into accelerated training programs without structural consequences.




Commercial aviation faces the most acute succession bottleneck. The FAA mandates retirement at age
65, and 70% of active pilots are aged 43 to 64 with only approximately 8% under 30. An estimated 16,000
pilots will retire over the next five years, with Boeing projecting 119,000 new pilots needed in North
America over the next two decades. The pilot shortage is projected to peak at 24,000 in 2026. Unlike
trucking, where entry barriers are primarily economic, pilot certification requires years of training and
thousands of hours of flight time. A structural pipeline constraint that cannot be resolved through
compensation adjustments alone.

Federal data anchors: Federal data anchors: BLS JOLTS separation and quits rates for Trade, Transportation, and Utilities
supersector; BLS Occupational Outlook Handbook (railroad occupations, 6,600 annual openings); ATA Driver Shortage Report 2024
(60,000-82,000 shortage, 92.7% large carrier turnover average); ATRI Driver Demographics Study 2024 (average age, generational
composition); NTSB Railroad Investigation Report RIR-24-05 (East Palestine staffing findings); FAA pilot certification data; Boeing
Pilot and Technician Outlook 2024.

Revision conditions. This assessment reflects structural conditions measured as of April
2026 using the federal data sources cited above. Thinness would be revised from SEVERE
to ELEVATED if annual motor carrier exits fell below 5,000 per year for two consecutive
years, if a new Class | railroad entered the market or proposed mega-mergers were denied,
or if the top-25 LTL market share fell below 80%. Permission would be revised if FMCSA
achieved safety ratings for more than 50% of active interstate carriers, or if the agency
gained direct administrative penalty authority. Management would be revised if the SOII total
recordable case rate for NAICS 48—49 fell below 3.0 per 100 FTE, and if the truck-specific
fatality rate per 100 million VMT declined for two consecutive years. Absence would be
revised if large-carrier driver turnover fell below 60% annually, the driver shortage fell below
30,000, or the average driver age stabilized or declined. Reassessment is recommended if
any of these conditions change or after 18 months.

Federal Data Metrics

STB/FMCSA Class | railroads controlling freight revenue 6 carriers at 94%

FMCSA Active interstate motor carriers 567,000+

FMCSA Motor carriers unrated by FMCSA 80%+ lacking safety rating determination

BLS/QCEW Rail freight HHI 2,200+ (DOJ threshold: 2,500 for highly concentrated)
ATA Top 25 LTL carriers market share 91% ($48.2B of $52.8B market)

FMCSA Motor carrier exits (H1 2024) 10,000+

Yellow Yellow bankruptcy capacity removed $5 billion annual + 30,000 jobs

Corp/ATA

ATA Truck driver shortage (2025 projection) 82,000 drivers

ATA Large carrier annual turnover 92.7% (1996-2023 average)
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ATRI Average truck driver age 47 (up from 42 in 1995)

BLS Transportation injury rate 4.5/100 FTE (vs. 2.4 all-industry)

BLS Transportation fatality rate 13.6/100K FTE (3.9x national average)
FMCSA Large truck fatal crashes (2023) 5,375

BLS Class | railroad staffing decline (2011-2021) 28% reduction

This assessment draws on structural data from four primary federal sources. Transportation and Warehousing is a Tier 1 data
coverage sector: 14 metrics across multiple agencies, supplemented by FMCSA safety data and NTSB investigation reports that
provide operational safety visibility unavailable in most other sectors. DOT/FMCSA (Department of Transportation / Federal Motor
Carrier Safety Administration): Carrier safety ratings, crash statistics, out-of-service rates, Safety Measurement System data across
567,000+ active interstate carriers, carrier entry and exit data. BLS (Bureau of Labor Statistics): QCEW establishment data (HHI,
diversity index, entropy, velocity) for NAICS 48-49, JOLTS separation and quits rates for Trade/Transportation/Utilities supersector,
SOll injury rates, CFOlI fatality rates. OSHA (Occupational Safety & Health Administration): Violation rates, repeat violation rates,
complaint inspection ratios for NAICS 48-49, Warehousing National Emphasis Program enforcement data. EPA (Environmental
Protection Agency): ECHO compliance data for transportation facilities, NESHAPs applicability, effluent guideline compliance for
NAICS 48-49. Additional data from: NTSB Railroad Investigation Report RIR-24-05 (East Palestine, July 2024); FRA Safety Culture
Assessment of Norfolk Southern (August 2023); Surface Transportation Board economic data (Class | railroad revenue adequacy,
HHI); Bureau of Transportation Statistics employment data; American Trucking Associations Driver Shortage Report 2024 and
American Trucking Trends 2025; ATRI Driver Demographics Study 2024; Boeing Pilot and Technician Outlook 2024; FAA pilot
certification and retirement data.

The 12 Public Dimensions

Twelve of the twenty Four Frequencies dimensions are measurable from publicly available federal data.
These dimensions describe the structural environment every organization in Transportation &
Warehousing inherits.

T1 - Capacity Concentration

Six Class | railroads hold 94% of freight revenue. Top 25 LTL carriers hold 91% market share. 10,000+ carrier exits
in H1 2024.

T3 - Structural Diversity

91.5% of trucking carriers operate 10 or fewer trucks, but Yellow bankruptcy consolidated capacity into fewer large
operators.

T5 - Consolidation Velocity

10,000+ carrier exits in 6 months. Yellow removed $5B capacity. Record small-carrier bankruptcy rates in late
2025.

A1l - Workforce Departure

93% annual turnover at large truckload carriers. Driver shortage projected at 82,000. Average age rising from 42
(1995) to 47 (2024).

A3 - Operational Knowledge Loss

28% Class | railroad staffing decline (2011-2021). Substantial pilot retirement wave expected over the next five
years as mandatory age-65 retirements accelerate. Route and equipment knowledge departing.
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A4 - Succession Risk
62% of truck drivers are Gen X or Boomer. Only 20% under 35. Pilot population: 70% aged 43—64, 8% under 30.

M1 - Information Completeness

OSHA violation patterns for NAICS 48-49. Warehousing NEP targeting high-injury establishments across all
regions.

M4 - Signal Fidelity
Injury rate 4.5/100 FTE (2x national). Fatality rate 13.6/100K (3.9x national). Truck fatality rate rising per VMT.

M5 - Feedback Integration

FMCSA out-of-service rates: unsafe vehicles and drivers on the road despite inspection systems. Repeat violation
patterns.

P1 - Authority Structure

80%-+ of 567,000 active carriers unrated. FMCSA lacks direct civil penalty authority. Complaint inspection ratio
~50/50.

P3 - Regulatory Reach

FMCSA Safety Measurement System redesigned 2024 to identify risk earlier. Authority scope vs. population gap
persists.

P4 - Enforcement Integrity

Court-referral enforcement model creates remediation lag. Safety violations require federal court timeline, not risk
timeline.

The 8 Diagnostic-Only Dimensions

The following eight dimensions can only be scored through the Four Frequencies diagnostic engagement
using behavioral intelligence data from inside the organization. Federal data reveals the sector-level
structural conditions above. These dimensions reveal the organization-specific structural dynamics that
determine whether your organization is absorbing compensatory load for the sector-level weaknesses, or
compounding them.

T2 - Substitution Readiness
Whether critical routes, equipment, or certifications continue if a key driver, operator, or asset is unavailable.

T4 - Recovery Architecture
Whether the organization can actually reroute freight or restore service after a disruption, not just claim it can.

P2 - Decision Velocity

How fast safety decisions move from detection to action. East Palestine measured this gap in minutes.

P3 - Override Patterns

How often safety protocols get bypassed under schedule pressure, and who authorizes the bypass.

P4 - Escalation Integrity

Whether safety signals from operators, inspectors, and monitoring systems actually reach decision-makers.
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P5 - Boundary Enforcement
Whether safety limits hold when delivery deadlines, fuel costs, or revenue pressure arrives.

M2 - Channel Integrity
Whether safety information changes shape as it moves from inspectors to dispatchers to management.

M3 - Noise Ratio

How much useful safety signal reaches decision-makers versus how much gets lost in compliance reporting
volume.

The gap between what federal data reveals (12 dimensions) and what the diagnostic
measures (all 20) is not a marketing device. It is the structural reality of organizational
intelligence. Public data shows the sector-level weather. The diagnostic shows whether your
roof leaks. In transportation, that distinction carries physical consequence: the sector-level
conditions documented above create the environment in which your organization operates.
What the diagnostic reveals is whether your internal safety architecture, your decision
velocity, and your knowledge continuity are sufficient to operate safely within that
environment, or whether they are compounding the sector’s structural vulnerabilities.

Structural Risk Scenarios

Structural conditions do not predict specific events. They define the envelope of probable outcomes. The
following scenarios are structurally plausible given current conditions. They are not forecasts. They are the
shapes that failure takes in a sector with this structural profile.

Consolidation Cascade into Correlated Failure

Six Class | railroads control 94% of freight revenue. The HHI exceeds 2,200, marking concentration above
federal merger thresholds. When capacity concentrates to this degree, the primary variable becomes
cascade dynamics rather than individual carrier health. The next major disruption will not be absorbed
through alternative routing. It will propagate across supply chains as a constraint that remaining carriers
cannot circumvent. A significant labor action at one Class | railroad. A ransomware attack on rail traffic
control systems. A sustained environmental incident affecting a critical corridor. Each scenario plays out
against a capacity structure where the disrupted carrier is not interchangeable. Shippers cannot route
around Norfolk Southern. There is no operational redundancy when six carriers move 94% of everything.
Consolidation has traded the friction and cost of distributed capacity for the fragility of correlated failure.

Workforce Knowledge Departure Spiral

Seventy percent of active pilots are aged 43 to 64. Sixty-two percent of truck drivers approach or have
passed traditional retirement age. The Class | railroad workforce declined 28% between 2011 and 2021.
When experienced personnel depart at rates exceeding replacement pipeline capacity, the remaining
workforce experiences immediate load concentration. That concentration accelerates further departures by




people whose workload just intensified. Each departure removes operational knowledge that took years to
accumulate: judgment about equipment, pattern recognition for anomalies, customer relationships and
routing familiarity. Training cannot compress that knowledge transfer. When replacement workers arrive to
find workload doubled and mentors missing, they either leave quickly or commit to tenure in an
increasingly difficult operating environment. The spiral mechanism: departures concentrate load on
remaining staff, concentrated load drives additional departures, additional departures concentrate
remaining knowledge, further concentration accelerates the next departure. This is not a staffing shortage.
It is a structural condition where the system becomes configured to consume the knowledge it depends on.

Regulatory Authority Lag in Physical Risk Timeline

Over 80% of the 567,000 active interstate motor carriers operate without an FMCSA safety rating. FMCSA
cannot assess civil penalties directly and must refer violations to federal court. That court-referral process
operates on the federal judiciary’s timeline, not the timeline of a truck experiencing brake failure. OSHA
inspections are now 50% reactive, triggered by complaints rather than planned. Regulatory authority
operates at a fundamentally different temporal scale than the physical systems it oversees. A bearing in a
freight car overheats. The physics moves at bearing-failure speed. The regulatory authority that oversees
rail safety discovers the failure weeks or months later. A truck driver works fatigued. The consequences
arrive on impact timescale. The regulatory authority that could have caught driver hours violations inspects
that truck after the crash. This temporal misalignment is not a processing failure. It is structural: regulation
designed for post-incident correction cannot prevent incidents in systems where the physics operates
faster than the institutional response.

Cross-Cutting Theme Connections

Three of the four cross-cutting structural themes operate at elevated intensity in the Transportation and
Warehousing sector.

Physical Safety

Transportation is the only sector assessed so far where the consequences of structural failure are
consistently physical, immediate, and irreversible. A derailment cannot be reversed. A truck crash cannot
be unwound. A pipeline rupture cannot be recalled. This distinguishes the sector from financial services,
where structural failure produces financial losses that can be partially recovered, or healthcare, where
many failure modes are recoverable with intervention. The physical irreversibility of transportation failures
means the sector's structural conditions carry direct human safety consequences. A Management
frequency that operates at Severe in financial services produces material weakness disclosures. A
Management frequency that operates at Severe in transportation produces fatality rates 3.9 times the
national average.

Regulatory Dynamics




The regulatory architecture governing transportation is structurally fragmented across multiple agencies
(DOT, FMCSA, FRA, FAA, PHMSA, NTSB) with different jurisdictions, different enforcement mechanisms,
and different information systems. FMCSA oversees motor carriers but cannot directly assess civil
penalties. FRA oversees railroads but its safety culture assessment of Norfolk Southern revealed
systematic communication failures that regulation alone cannot correct. The NTSB investigates and
recommends but has no enforcement authority. This fragmentation is a Permission condition: the authority
to identify, investigate, and correct safety deficiencies is distributed across agencies that do not share a
unified information architecture or enforcement timeline. The structural consequence is that each agency
sees its slice of the safety picture, but no single authority holds the complete structural view.

Supply Chain Propagation

Transportation is the sector through which every other sector’s supply chain runs. When a Class | railroad
experiences a service disruption, the consequences propagate through agriculture, manufacturing, retail,
and energy within days. When trucking capacity contracts through carrier exits, the cost structure of every
product that moves by truck changes. The structural Thinness documented in this assessment is not
contained within NAICS 48-49. It propagates across the economy through the supply chains that depend
on transportation capacity. A sector that concentrates 94% of rail freight revenue in six carriers and 91% of
LTL market share in 25 companies has created a structural condition where disruption at any single major
carrier transmits across industries with limited alternative routing.

What This Means for Organizations in This Sector

The structural conditions identified in this assessment are familiar to anyone operating a carrier, a railroad,
a warehouse, or a logistics network. The driver shortage conversations, the safety compliance burden, the
consolidation pressure, the aging workforce. These are the conditions transportation leaders navigate
daily. What this assessment adds is the structural architecture: how these conditions interact, where they
compound, and which conditions are within organizational control versus which are sector-level forces.

Three structural observations emerge from this analysis. But first, the interaction mechanism. These four
frequencies do not merely coexist. They connect through specific structural pathways. Consolidation
(Thinness) reduces the number of carriers and operators, which concentrates freight volume onto fewer
networks and longer trains, which increases the consequences of any single failure. That consequence
increase demands more sophisticated monitoring (Management), but the workforce operating the
monitoring systems is thinning through departure and retirement (Absence), which concentrates
monitoring responsibility onto fewer people, which creates the conditions East Palestine demonstrated: a
single analyst managing alarms from multiple trains. The regulatory architecture (Permission) was
designed for a sector with different structural characteristics: more carriers, more distributed capacity,
more redundancy. The sector has changed. The authority architecture has not fully adapted.

The physical irreversibility of failure in this sector makes structural conditions more consequential than in
any other sector assessed. In financial services, a management information failure produces losses that
insurance, capital reserves, or federal intervention can partially absorb. In transportation, a management




information failure produces a derailment, a crash, or an explosion. The 13.6-per-100,000 fatality rate is
not a compliance metric. It is the measured consequence of structural conditions operating across the
sector. For any transportation organization, the diagnostic question is not “are we compliant?” It is “does
our safety information architecture convert signals into actions at the speed the physical system requires?”
East Palestine’s answer was no. The structural conditions that produced that answer are present at other
carriers.

Workforce departure is this sector's most distinctive structural vulnerability. No other Tier 1 sector
combines 93% annual turnover, a 60,000-82,000 worker shortage, a demographic cliff where 62% of the
primary workforce is approaching retirement, and mandatory retirement thresholds in a critical subsector
(aviation). Each of these conditions is individually manageable. Together, they create a structural
knowledge departure where the sector cannot accumulate institutional learning because the workforce
cycles too fast, while the pipeline of replacements is structurally thinner than the departing population.
When a 25-year driver retires, the sector does not lose a filled seat. It loses route knowledge, weather
judgment, equipment intuition, and customer relationships that the replacement driver will take years to
develop, if turnover allows them to stay that long.

Sector-level consolidation creates organizational-level vulnerability that individual carriers cannot reverse.
When six railroads control 94% of freight revenue and 25 trucking companies control 91% of LTL market
share, individual organizations operate within a structural environment they did not create and cannot
change. But where monitoring systems are staffed and how quickly safety information moves from
detection to action, where institutional knowledge resides and how it transfers when people depart,
whether safety protocols hold under schedule pressure or get overridden: these are organizational-level
conditions. Some transportation organizations carry structural strength that compensates for sector-level
vulnerabilities. Others compound them. East Palestine demonstrated what compounding looks like. The
difference is visible in the structural architecture: how the four frequencies interact within a specific
organization, against the sector-level conditions documented here.

Methodology

The Four Frequencies framework measures structural resilience across four dimensions: Thinness (depth
of critical capacity), Permission (distribution of decision authority), Management (leadership and
operational effectiveness), and Absence (gaps in critical functions and their consequences). Each
frequency is assessed across five dimensions, for a total of twenty structural measurements.

Sector-level assessments draw on federal data mapped to the twelve publicly-measurable dimensions.
Organization-level diagnostics add behavioral intelligence from internal raters to score all twenty
dimensions. The combination produces the Structural Resilience Index (SRI), a composite score calibrated
to a five-band severity scale.

Severity terminology: MINIMAL (structural conditions within normal operating parameters, no dangerous
dependencies), MODERATE (early structural conditions that merit monitoring, concentration visible but not
yet load-bearing), ELEVATED (active structural conditions requiring attention, something finite is absorbing




extra load), SEVERE (significant structural vulnerability with compounding risk, damage spreads when
something breaks), CRITICAL (acute structural vulnerability requiring immediate intervention, multiple
failures compounding).

What This Means for Your Organization

This brief describes the structural environment your organization operates inside. Whether these
sector-level conditions are amplified or mitigated within your specific organization depends on
your internal structural profile.

The Four Frequencies diagnostic measures all 20 dimensions for a single organization,
producing a 40-page structural analysis with the Structural Resilience Index.

sjbridger.com/organizations
contact@sjbridger.com

About S.J. Bridger

S.J. Bridger is a structural resilience diagnostics practice. We analyze the structural conditions that
determine whether organizations hold together when key people leave, when systems fail, and when the
relationships that carried institutional knowledge disappear. The Four Frequencies framework was
developed through forensic analysis of organizational failures across multiple sectors and refined through
diagnostic engagements that measure what traditional assessments miss.

Structural Intelligence Briefs are published assessments of sector-level conditions. They are updated
quarterly as federal data sources release new information. The Transportation & Warehousing brief is the
third in a series covering all 20 NAICS sectors.




The severity scores, structural risk scenarios, and analytical observations in this brief reflect conditions as of the publication date. Federal data
sources update at varying intervals. This brief will be updated quarterly. Prior versions should not be relied upon after a subsequent version

has been published.

The Four Frequencies framework and Structural Resilience Index are proprietary analytical tools of S.J. Bridger. Reproduction of the
framework methodology, severity scoring system, or dimensional architecture without written permission is prohibited.
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