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Abstract

Carrier operating cost reported as a single per-mile figure conceals a compositional struc-
ture that determines profitability. This paper synthesizes econometric, technical, and carrier-
economics literatures around one organizing question: how does a reduction in deadhead
mileage or an improvement in fleet utilization translate into margin, and does that translation
depend on where the affected assets sit relative to a break-even threshold? The analysis applies
a cost-decomposition and threshold-translation method built on published literature. It sepa-
rates operating cost into a visible layer and a submerged layer comprising detention, deadhead,
and administrative friction, and it evaluates routing, network, and procurement interventions
according to whether they plausibly move a fleet segment across its break-even utilization floor.
The synthesis shows that algorithmic routing advances set a ceiling on deadhead reduction;
carrier scale, network topology, and procurement structure set a floor beneath which no algo-
rithmic gain can compensate for structural disadvantage.
Keywords: deadhead reduction; fleet utilization; break-even threshold; submerged cost;
carrier margin; vehicle routing; freight carrier economics

Introduction

Operating cost reported as a single per-
mile figure conceals a compositional struc-
ture that determines whether a freight carri-
er is profitable. Treating that figure as a flat
ledger obscures exactly the variation that de-
termines margin. A narrow set of cost drivers
accounts for most of the variance in carrier

margin. The remainder splits between two
layers: a visible one that appears directly on
profit-and-loss statements, and a submerged
one that erodes margin without registering
as a discrete line item. Doskach (2026b) de-
scribes this distinction as a cost iceberg: de-
tention time, deadhead repositioning, and
administrative friction together account for
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a further 14 to 22 percent of effective operat-
ing cost once the opportunity cost of idle cap-
ital equipment is included. Doskach develops
this cost-iceberg framework from direct ob-
servation of carrier operations, drawing on
the kind of granular detail that rarely surfac-
es in industry-facing reporting.

Doskach’s (2026 a) break-even utilization
floor is the minimum weekly loaded-mile
threshold below which a given truck gener-
ates negative net revenue. Below that floor,
submerged cost stops being a marginal drag
and starts determining whether the asset is
profitable at all. Absorbing a deadhead mile
costs a carrier operating comfortably above
the floor only reduced profit. The same mile
costs a carrier operating near or below it the
difference between solvency and loss on that
unit of equipment. Crossing the floor changes
an asset’s profitability status. That threshold
structure is the object this paper analyzes.

Econometric, technical, and carrier-
economics literatures each address a piece
of this problem without connecting them.
Econometric studies of empty miles quanti-
fy the scale of the deadhead problem and its
structural causes, yet stop short of translat-
ing a percentage-point reduction into a mar-
gin effect that depends on where an affected
vehicle sat relative to a profitability thresh-
old. Vehicle-routing research has produced
increasingly capable algorithms for reducing
deadhead and improving dispatch efficiency.
Those algorithms are evaluated almost ex-
clusively against distance or cost objectives,
disconnected from the threshold-crossing
logic that determines whether an efficiency
gain changes a carrier’s solvency. Carrier-
economics research on scale, procurement,
and network structure explains why margin
varies across carriers and segments, without
incorporating the submerged-cost decom-
position that identifies where that variance
originates operationally.

Materials and Methods

This paper applies a cost-decomposition
and threshold-translation method built on the
published literature synthesized below. A sub-
merged-cost taxonomy, introduced above,
supplies the decomposition mechanism, sep-
arating operating cost into visible line items
and a submerged layer comprising detention,
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deadhead, and administrative friction that
behaves differently from the visible layer un-
der threshold-crossing analysis. Doskach’s
(2026 a) break-even utilization floor supplies
the translation mechanism: a claimed effi-
ciency improvement, whether from routing
technology, network redesign, or procurement
strategy, is evaluated according to whether it
plausibly moves the fleet segment it addresses
across a profitability threshold, not according
to its raw magnitude alone.

This paper draws evidence from four bod-
ies of literature, moving from the scale of the
deadhead problem to the mechanisms avail-
able for reducing it, the carrier-level struc-
tures that determine how much of a reduction
actually reaches margin, and the exogenous
shocks that test whether that architecture
holds under stress. Econometric studies of
empty-mile incidence and its structural caus-
es establish the scale of the deadhead prob-
lem and the mechanisms generating it (Yang,
2024; Heilmann, 2020; Allen et al., 2024).
Technical operations-research literature on
vehicle routing establishes the algorithmic
solution space available for deadhead reduc-
tion and its performance characteristics under
realistic demand uncertainty (Nazari et al.,
2018; Kool et al., 2019; Ulmer et al., 2020).
Carrier-economics literature on scale, network
structure, and procurement establishes how
margin varies across carrier configurations in-
dependent of any single routing intervention
(Miller & Muir, 2020; Muir et al., 2019; Aco-
cella & Caplice, 2023; Acocella et al., 2020;
Owczarek, 2024; Rodrigue, 2020; Solakivi &
Ojala, 2024; Izadi et al., 2019). Regulatory
and technology-shock literature establishes
how an exogenous change to the operating en-
vironment stresses margin architecture and
reveals which carriers were operating close
to a profitability threshold before the shock
(Scott et al., 2021; Miller et al., 2021; Trick et
al., 2021; Miller, Muir, et al., 2020).

This design carries limitations that follow
directly from its structure, and the most conse-
quential concerns the evidentiary status of the
cost-decomposition figures themselves. The
percentages attached to the submerged-cost
taxonomy applied here originate in a practi-
tioner synthesis (Doskach, 2026b) and have
not been independently replicated against the
carrier-level panel data used elsewhere in this
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paper. The threshold logic built on this taxono-
my treats the figures as illustrative of an order
of magnitude documented in industry prac-
tice; the argument holds regardless of whether
any single percentage is exactly correct.

Results

Fuel, driver wages, equipment depreci-
ation, and insurance dominate visible oper-
ating cost, and carriers that manage exclu-
sively against this visible total systematically
misallocate improvement effort. Izadi et al.
(2019), reviewing cost models used across
the road freight literature, found that the
majority of published models categorize cost
by broad functional type, such as operation-
al, value-of-time, and external cost, without
a structural mechanism for identifying which
categories respond nonlinearly to utilization
change; this gap is precisely what Doskach’s
(2026 b) submerged-cost taxonomy address-
es, separating fixed, variable, and quasi-
fixed cost components and showing that
the quasi-fixed category generates discon-
tinuous margin cliffs as utilization crosses
replacement-cycle thresholds, a step pattern
that conventional per-mile accounting can-
not represent.

A carrier whose utilization sits just be-
low a quasi-fixed threshold, such as a tire
replacement cycle or a maintenance interval,
absorbs the full fixed component of that cost
over a smaller loaded-mile base than a car-
rier whose utilization crosses the threshold.
The distinction changes which carriers stay
solvent. Two carriers with identical average
deadhead percentages can face materially dif-
ferent margin outcomes depending on which
side of a quasi-fixed threshold their fleets pre-
dominantly occupy, a distinction that a sin-
gle aggregate deadhead statistic cannot re-
veal and that motivates the threshold-based
framework this paper applies throughout.

The practical consequence extends to
how carriers allocate improvement budgets.
A capital investment in equipment-focused
efficiency, such as an aerodynamic retrofit,
produces a bounded and well-documented
improvement on a cost category that is al-
ready visible and already accounted for in
most fleet budgets. A comparable investment
directed at dispatch-layer coordination tar-
gets the submerged category directly, and be-
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cause that category is measured poorly or not
at all in conventional reporting, its baseline is
frequently understated and its achievable im-
provement correspondingly underestimated
by managers comparing the two investment
options using visible-cost metrics alone. This
measurement asymmetry drives the per-
sistent industry pattern of overinvestment in
equipment specification relative to dispatch
coordination. The underlying economic op-
portunity in the two categories is the same.

The mechanisms generating empty miles
have been isolated with increasing precision
at the level of individual carrier decisions.
Heilmann (2020), studying how a digital
freight brokerage platform introduced an al-
gorithmic load-bundling feature, estimated
a 22.6 percent reduction in deadhead miles
following adoption, equivalent to an increase
in measured truck utilization from 81.6 to
85.8 percent, and attributed the improvement
specifically to resolving information frictions
that had previously prevented drivers from
identifying compatible return loads within
their available operating window. Allen et al.
(2024), documenting trip-chaining behavior
among Colombian truckers, found that driv-
ers frequently construct complex multi-stop
sequences instead of executing simple out-
and-back trips, avoiding empty repositioning
by design, evidence that deadhead avoidance
behavior is already a first-order consider-
ation in driver decision-making, and that
further gains depend on improving the infor-
mation available to support that behavior.

Vehicle routing research has approached
deadhead reduction primarily as an algorith-
mic optimization problem. Two methodolog-
ical shifts over the past decade show how far
that toolkit has moved. Nazari et al. (2018)
demonstrated that a reinforcement-learning
policy trained through policy-gradient meth-
ods could match or exceed classical routing
heuristics on stochastic capacitated instanc-
es without hand-engineered rules specific to
a given network structure. Kool et al. (2019) ex-
tended this approach with an attention-based
encoder-decoder architecture, showing that
self-attention mechanisms generalize across
routing problem variants more effectively than
recurrent alternatives, a property directly rele-
vant to carriers whose lane structure changes
as their customer base evolves.
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Ulmer et al. (2020) formalized the dis-
tinction between static and dynamic routing
architectures, which determines which of
these algorithmic advances actually reduce
deadhead in practice. Policies that incorpo-
rate anticipated future demand information
systematically outperform reactive dispatch
rules under conditions of meaningful demand
uncertainty, and the performance gap be-
tween the two widens as uncertainty increas-
es. Static planning performs within a narrow
margin of dynamic optimization under low
volatility, but that gap grows large enough
under high volatility to determine whether
a fleet segment operates above or below a uti-
lization threshold. This threshold sensitivity
connects Ulmer’s routing finding directly to
the threshold framework applied throughout
this paper: an algorithmic improvement that
appears modest when measured in average
deadhead percentage can be consequential
when it disproportionately benefits vehicles
operating near the break-even floor.

The value of anticipatory routing varies
sharply across a carrier’s network, a point the
aggregate performance statistics in this lit-
erature tend to obscure. Because static plan-
ning already approximates the dynamic opti-
mum under low volatility, lanes with stable,
predictable demand gain comparatively little
from a shift toward forecast-integrated dis-
patch; the disproportionate gains sit instead
on lanes with volatile, thin, or seasonally
concentrated demand, precisely where reac-
tive dispatch diverges furthest from an antic-
ipatory policy. A carrier deploying dynamic
routing technology uniformly across its net-
work, without segmenting lanes by volatility,
captures only a fraction of the available ben-
efit on its most valuable lanes and still pays
the full implementation cost across lanes
where the technology adds little.

Network topology sets a further ceiling on
how much of a routing algorithm’s theoretical
gain a carrier can actually realize, because it
determines whether deadhead is reabsorbed
or simply relocated. Point-to-point structures
generate deadhead at the destination of ev-
ery unmatched load, since no return network
exists to reabsorb it; Rodrigue (2020) con-
trasts this with hub-and-spoke topologies,
which absorb the same deadhead through
network-level backhaul balancing instead of
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letting it accumulate at the endpoint. Equip-
ment choice interacts with this topology con-
straint instead of substituting for it: Solakivi
and Ojala (2024), comparing high-capacity
trucks against standard semitrailers, found
that larger vehicles are not uniformly more
cost-efficient, since their advantage depends
on achieving a higher load factor than the
equipment they replace, which confirms that
utilization determines realized margin more
than equipment specification alone does.
Procurement structure determines how
much of a utilization gain survives contact
with the market a carrier actually sells into.
Acocella and Caplice (2023), reviewing the
truckload procurement literature compre-
hensively, identified a persistent gap be-
tween strategic procurement decisions and
execution-stage outcomes, with committed
capacity frequently going unused or unavail-
able capacity being sourced at spot-market
premiums that erode the margin a routing
improvement would otherwise deliver. This
execution-stage gap varies across carriers:
Acocella et al. (2020) found that carrier be-
havior in response to shipper tender patterns
varies systematically between carriers that
behave reciprocally, accepting a stable vol-
ume in exchange for stable future tenders,
and those that behave opportunistically,
which is why the margin benefit of a utiliza-
tion improvement depends on the shipper
relationship structure within which it oper-
ates as much as on the improvement itself.
Because relationship structure mediates how
much of a utilization gain a carrier retains,
the pricing mechanism through which that
gain converts into revenue matters just as
much: Owczarek (2024), modeling less-than-
truckload pricing for light commercial vehi-
cles, showed that the intensity of vehicle us-
age and the number of loading and unloading
points jointly determine achievable pricing,
confirming at the carrier level that utilization
intensity functions as a pricing variable in its
own right, beyond its role as a cost input.
These procurement-side findings interact
with the threshold framework in a way that
is easy to overlook. A carrier whose fleet sits
near its break-even floor is also the carrier
with the least slack to absorb the spot-mar-
ket premiums that Acocella and Caplice
(2023) identify as a common consequence
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of procurement mismatch. The same under-
capitalization that pushes a fleet toward its
utilization threshold in the first place also
limits that fleet’s ability to negotiate the kind
of reciprocal shipper relationship that Aco-
cella et al. (2020) find reduces opportunis-
tic exposure, so the carriers most exposed to
threshold-crossing risk from deadhead are
frequently the same carriers least equipped
to manage procurement-side margin risk
through relationship structure alone.

Discussion

The evidence assembled here supports
a layered view of utilization, whose compo-
nents determine margin through different
mechanisms instead of through one perfor-
mance percentage. Doskach’s (2026b) dis-
tinction between the visible and submerged
cost layers explains why carriers that manage
exclusively against reported per-mile cost
systematically underinvest in dispatch-layer
improvement relative to equipment-focused
interventions with smaller theoretical ceil-
ings but greater accounting visibility. This
visible/submerged distinction functions as
a practical prioritization tool: it identifies
which specific lever, dispatch-layer coordi-
nation or equipment-focused investment,
a given carrier should prioritize given its po-
sition relative to the break-even floor, instead
of leaving that choice to whichever category
happens to be easier to measure.

The routing literature and the carrier-
economics literature synthesized in this pa-
per answer different questions that are fre-
quently conflated in practice. Nazari et al.
(2018), Kool et al. (2019), and Ulmer et al.
(2020) establish that algorithmic dispatch
improvement is technically achievable and
that its value scales with demand uncertain-
ty, a finding about the ceiling on deadhead re-
duction; Miller and Muir (2020), Muir et al.
(2019), and Rodrigue (2020) show that the
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same routing improvement produces differ-
ent margin outcomes depending on carrier
scale, specialization, and network topology,
which sets the floor beneath which no algo-
rithmic improvement can compensate for
structural disadvantage. A carrier evaluating
a routing technology investment needs both
answers, and treating the algorithmic ceil-
ing as sufficient evidence of margin recovery,
without reference to the carrier’s position
relative to its break-even floor, overstates the
return that investment will deliver.

The regulatory and turnover evidence
reviewed in this paper indicates that mar-
gin architecture is tested most clearly during
shocks, when carriers already close to their
break-even thresholds are pushed across
them by a uniform external change. Scott et
al. (2021) and Miller et al. (2021) show that
a uniform compliance mandate produces un-
even consequences precisely because carriers
entered the shock at different positions rela-
tive to their break-even thresholds, a pattern
consistent with the threshold-crossing logic
this paper applies to deadhead reduction.

Conclusion

The threshold-translation method ap-
plied throughout this paper changes what an
efficiency claim has to answer. A percentage-
point reduction in deadhead, or a percentage-
point gain in utilization, carries no fixed
margin value on its own: its value depends
on where the affected fleet segment sat rela-
tive to its break-even floor before the inter-
vention. Routing technology sets a ceiling on
how much deadhead a carrier can eliminate;
carrier scale, network topology, and procure-
ment structure set the floor beneath which no
amount of algorithmic improvement closes
the remaining gap. Regulatory mandates and
driver turnover reveal this floor instead of cre-
ating it: they push already-exposed carriers
across a line that was there before the shock.
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