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Abstract

Ground-time allowances link aircraft ground operations to mission feasibility and

crew-duty margins, but uniform values can conceal differences between airports.

This study evaluates the two-hour allowance used to plan Brazilian Air Force KC-

390 airlift missions against 1,679 ground events reconstructed from 2023–2024

mission reports. The standard covers 57% of stops, implying an overrun-to-

unused-allowance cost ratio of about 1.3. A two-regime mixture separates routine

service from extended ground events and supports a conservative 4.5-h trim-

ming threshold; recorded durations show no anchoring to the planning value.

Median and one-sided trimmed-mean models identify three of 14 aerodromes

where the standard is systematically too short and only 25–35% of stops meet it.

These findings survive Holm correction and empirical Bayes partial pooling. Two

further aerodromes warrant monitoring with explicit sample-size rules. Extended-

event shares range from 1% to 12%, distinguishing routine shortfalls from tail

risks. In mission-level simulations, localized allowances of 2.39–2.47 h reduce the

probability of a cumulative overrun above 30 minutes from 66% to 38% on a

route through two affected aerodromes. A tiered adjust–monitor–retain policy

translates these findings into mission-planning inputs, using an aggregate-data

workflow compatible with restricted operational records.

Keywords: Turnaround time, Ground time, Military airlift, Schedule buffer, Service
level, Aerodrome heterogeneity
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1 Introduction

Planning parameters translate uncertain operational processes into the fixed numbers
that schedulers, crew planners and commanders use to decide whether a sequence of
flights is feasible. In commercial aviation the most studied of these parameters is the
buffer embedded in scheduled block and turnaround times, whose size trades aircraft
utilization against punctuality and the propagation of delay through the network [1–
3]. Much less is known about how such parameters perform when they are fixed by
regulation, applied uniformly across heterogeneous airports and used to plan non-
scheduled operations. Military and other state air transport operators fall squarely
into this category. Their planning manuals prescribe standard ground times by aircraft
type [e.g. 4], and missions are then built, crewed and dispatched on that basis. Whether
these standards reflect what happens on the ground is seldom assessed: in the United
States, for example, the Government Accountability Office found that the Air Mobility
Command did not systematically collect the operational data needed to judge its
planning factors against observed performance [5].

Ground-time assumptions also connect local aircraft handling to system-level per-
formance. Recent aeronautical research has examined how ground-support equipment
affects delays across locations [6] and how exhausted rotation margins transmit delays
to subsequent flights [7]. Validating the ground-time input is therefore a prerequisite
for credible mission timelines and operational reliability assessments.

This article examines one such standard. The Brazilian Air Force plans KC-390
missions with a fixed allowance of two hours between landing and the next takeoff
[8]. The KC-390 is a multimission airlifter employed in logistic transport, airdrop,
aerial refueling, firefighting and humanitarian support [9], and it operates from a wide
range of aerodromes, from major air bases to remote airfields with limited ground-
handling resources. The allowance matters because it enters every mission timeline.
An optimistic value consumes the crew’s duty margin and can force an unplanned
overnight; a pessimistic value leads planners to assign augmented or relief crews,
whose off-duty members occupy seats that would otherwise carry passengers and who
generate additional per diem costs, and it leaves a scarce aircraft idle. A uniform value
is administratively simple, but it assumes that ground processes are homogeneous
across aerodromes—an assumption that the turnaround literature gives little reason
to accept [10, 11].

Using two years (2023–2024) of mission reports, we address three research ques-
tions. RQ1 : How reliable is the uniform two-hour standard at fleet level, and what
service level does it implicitly target? RQ2 : Are there aerodromes at which the stan-
dard is systematically too short, and do such findings survive alternative treatments
of extreme observations, control of multiplicity across aerodromes and partial pooling
of the aerodrome estimates? RQ3 : Which planning values and decision rules follow
from the evidence, and what are their consequences for multi-stop missions?

Two constraints shape the analysis, and both are common in state aviation and
increasingly in commercial settings. First, the mission reports record landing and
takeoff times but not the on-block and off-block milestones that define turnaround
time in the airline literature, so ground time must be reconstructed from consecutive
legs. Second, the leg-level records are restricted and cannot be released. We address
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the first constraint by constructing a landing-to-departure measure that matches the
regulatory definition of the planning parameter. We address the second with a two-
layer design: estimation that requires leg-level records was carried out within the data
owner’s environment, while a set of extended analyses—reliability profiles, regime sep-
aration, simultaneous inference, partial pooling and mission-level simulation—relies
only on aggregate statistics reported in this article, so that readers can replicate them
without access to the restricted records.

The article makes four contributions. Empirically, it provides, to our knowledge,
the first systematic evaluation of a military airlift ground-time standard against op-
erational records, covering 1,679 KC-390 ground events. Conceptually, it reframes a
regulatory ground-time allowance as an implicit service level—the probability that a
stop is completed within the allowance—which links ground-time standards to the
newsvendor logic used to set scheduled block times [3, 12] and exposes the cost
trade-off embedded in the current rule. Methodologically, it offers a transparent
and disclosure-compatible workflow that separates routine ground service from ex-
tended ground events, combines two robust estimators with family-wise error control
and empirical Bayes partial pooling, and converts inconclusive evidence into explicit
monitoring requirements. Managerially, it proposes a tiered policy—retain the fleet-
wide default, adjust it where the evidence is robust and monitor where it is only
suggestive—and quantifies the effect of that policy on overrun risk and unused aircraft
time in representative mission sequences.

The remainder of the paper is organized as follows. Section 2 reviews the literature
on turnaround operations, schedule buffers, military airlift planning and the statistical
treatment of skewed operational durations. Section 3 describes the operational context
and the data. Section 4 presents the methods, Section 5 the results and Section 6 the
implications and limitations. Section 7 concludes.

2 Literature review

2.1 Aircraft turnaround operations and airport heterogeneity

The turnaround comprises the ground processes performed between an aircraft’s ar-
rival at the stand (on-block) and its departure (off-block): deboarding and unloading,
refueling, cleaning, catering, technical checks, loading and boarding. These processes
run partly in parallel and partly in sequence, so turnaround duration is governed by
a critical path whose composition depends on the aircraft type, the operator’s proce-
dures and the resources available at the airport [11, 13, 14]. Early work showed that
turnaround efficiency is a lever on aircraft operating costs and that its variability
propagates through the day’s rotation [15, 16]. Subsequent studies modeled individual
process times stochastically—boarding being the most intensively studied [17]—and
found that process-time distributions and delay patterns are specific to airports and
operators [10, 18]. Monitoring frameworks were proposed to identify the sub-processes
that drive late departures [19], and recent work exploits milestone data from air-
port collaborative decision-making (A-CDM) systems: Okwir et al. [20] examine how
collaborative decision-making shapes turnaround performance, Rott et al. [21] apply
process mining to turnaround event logs at Munich Airport, and Tang et al. [22, 23]
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predict turnaround milestones with cascaded machine-learning models that account
for the remaining buffer time.

A second strand examines turnarounds under resource constraints. Simulation
shows that turnaround duration responds non-linearly to shortages of ground-handling
staff, so that below a threshold the additional time can no longer be absorbed by
schedule buffers [24], and that infrastructure and process design determine feasible
turnaround times at a new airport [25]. Optimization models allocate ground-handling
vehicles and staff [26, 27], and the effects of automation and post-pandemic hygiene re-
quirements on ground time have also been assessed [28, 29]. Taxi times, which are part
of the landing-to-takeoff interval analyzed here, likewise vary systematically across
airports and operating conditions [30].

Recent work in CEAS Aeronautical Journal strengthens the connection between
ground processes, local resources and operational prediction. Tucci and Facchini [6]
analyze ground-support equipment and flight delays across locations to support in-
vestment decisions. Murad and Ruocco [31] evaluate synthetic operational data for
pre-tactical flight-delay and turnaround forecasting, showing both the usefulness of
synthetic records and the limits of forecasts based only on scheduled information.
These studies concern equipment decisions and flight-specific forecasting, respectively;
the present study evaluates a fixed planning allowance against observed durations and
derives aerodrome-level adjustment rules.

In complementary work, Gök et al. [32] combine simulation and optimization to
coordinate turnaround activities and ground-service teams under uncertainty while
limiting the exchange of sensitive information. Their approach optimizes the execu-
tion of apron operations; the present analysis estimates and validates the duration
allowances that enter mission plans when detailed process-level data are unavailable.

Two features of this literature matter for the present study. First, the evidence
comes almost entirely from scheduled commercial operations at airports that record
milestone-level data. Second, it consistently shows that turnaround performance is
airport-specific. The implications of that heterogeneity have not been examined for
operators that apply a single regulatory ground-time allowance across heterogeneous,
and often austere, aerodromes and whose records contain only landing and takeoff
times.

2.2 Schedule buffers, delay propagation and reliability-based

planning

Because ground and flight processes are stochastic, schedules embed buffers. Wu [1]
distinguished delays that are inherent in the schedule design from those caused by
operational disruptions and showed that the allocation of buffer time determines a
schedule’s operational reliability. Buffers are costly: slack improves punctuality but
lowers aircraft utilization, and its value depends on where in the network it is placed
[2, 33–35]. Empirical studies of schedule padding confirm that airlines set buffers
strategically and that padding affects punctuality and consumer choice [36–39], and
robust scheduling has been associated with measurable reductions in delay [40].

A central insight of this literature is that a planned duration can be read as a
quantile of the distribution of actual durations. Deshpande and Arıkan [12] model
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the choice of scheduled block time as a newsvendor problem in which the airline
balances the costs of under- and over-allocation, so that the optimal schedule sets
the probability of on-time completion equal to a critical fractile; Hao and Hansen [3]
similarly relate scheduled block times to block-time reliability. The newsvendor model
has a long history in operations research [41, 42] and offers a natural language for
regulatory planning factors: a fixed allowance implicitly selects a service level and,
with it, an implicit ratio between the cost of a shortfall and the cost of idle time. We
are not aware of studies that apply this logic to ground-time standards in state or
military aviation.

The consequences of insufficient buffers are well documented. Delay propagates
through aircraft rotations, crew connections and passenger connections [43–48], and
recovery requires the coordinated re-planning of turnarounds, aircraft and crews [49–
51]. Crew schedules built on deterministic durations perform worse in operation than
their planned cost suggests [52], which motivates robust crewing strategies such as
move-up crews [53]. In military airlift the crew-duty constraint is often binding,
and because duty limits exist to manage fatigue, the consumption of duty time by
unplanned ground delay is a safety concern as well as an efficiency one [54].

Within aeronautical network modeling, Berling et al. [7] jointly address primary
and reactionary delay in a dynamic simulation of the European air transport system.
Their treatment of delay propagation through aircraft rotations reinforces the need to
evaluate ground-time assumptions at both the stop and mission levels. Our mission-
level analysis isolates the consequences of changing ground-time allowances under the
stated site-model and independence assumptions; it does not represent a full network
recovery model.

Finally, statistical studies emphasize that delay distributions are asymmetric with
heavy right tails [55, 56] and that the factors driving typical outcomes differ from
those driving extreme ones [57]; data-driven delay research more broadly is reviewed
by Carvalho et al. [58]. For planning parameters this implies that central tendency and
tail behavior should be analyzed separately, a principle we adopt by distinguishing
routine ground service from extended ground events.

2.3 Military airlift planning and ground operations

Operations research on military airlift has long treated ground times as inputs to
large-scale models. Optimization models of airlift mobility allocate aircraft, crews and
cargo across airlift networks subject to airfield and ground-time constraints [59–61];
simulation-based optimization captures the stochastic nature of the airlift problem
[62]; and intratheater models support routing in operational settings [63]. At the air-
field level, queuing models of ground processes—from fork-join networks for sortie
generation to mean-value analysis of airlift operations at an individual airfield—show
that ground resources and parking constraints can limit throughput [64–66], a con-
clusion also reached in work on airfield capacity for airlift operations [67]. Planning
manuals operationalize these ideas through standard ground times by aircraft type [4].

What these contributions share is that the ground-time value itself is rarely
estimated from operational records, and the concern raised by U.S. Government Ac-
countability Office [5] about planning factors that are not validated against observed
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operations applies equally to ground times. Evidence from humanitarian operations
reinforces the point: airports become bottlenecks when relief demand surges, and air-
craft waiting and ground times depend strongly on airport capacity and coordination
[68–71]. This is directly relevant to the KC-390, whose missions include domestic hu-
manitarian support. Recent research has also examined the management of military
transport aircraft, including capability-cost replacement modeling and pilots’ fuel-
saving behavior in logistics missions [72, 73]; evidence-based ground-time planning
complements these contributions by addressing the operational productivity of the
fleet.

2.4 Statistical treatment of skewed operational durations

Ground times are non-negative, right-skewed and contaminated by events generated
by a different process, such as crew rest, maintenance or cargo unavailability. The
arithmetic mean is sensitive to such observations, whereas the median and trimmed
means provide robust alternatives with known efficiency trade-offs [74–76]. Trimmed
means were popularized in signal processing as a compromise between averaging and
median filtering [77] and have been applied wherever extreme values must be removed
without discarding structure [78]. For asymmetric distributions, symmetric trimming
biases the location estimate, and one-sided or asymmetric truncation is preferable [79].

Parametric modeling of durations typically compares candidate families using
information criteria and goodness-of-fit statistics [80–82], with confidence intervals
obtained from asymptotic theory or the parametric bootstrap [83]. When data are
available only in grouped form, likelihood methods for interval-censored observations
remain valid [84, 85]. Heaping—the concentration of recorded values at focal points—
indicates that the recording or generating process is influenced by reference values
[86], and in operations management the observation that work expands to fill the time
available implies that observed service times depend on the time allowed, which bi-
ases capacity estimates that ignore the effect [87]. When many units are compared
simultaneously, multiplicity must be controlled [88, 89], and estimates for units with
small samples can be stabilized by partial pooling toward a common mean [90–92].

2.5 Research gap

Table 1 summarizes the four streams. The turnaround literature establishes that
ground times are stochastic and airport-specific but relies on milestone data from
scheduled commercial operations. The buffer literature provides a decision-theoretic
interpretation of planned durations but has not been applied to regulatory ground-
time allowances. Military airlift models use ground times as fixed inputs without
validating them against operations. Robust statistics offers the necessary tools, but
these have rarely been combined into an auditable procedure for evaluating a planning
standard. This study sits at the intersection of the four streams.
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Table 1 Literature streams informing this study and the gap addressed

Stream Representative
studies

Typical data
and methods

Main insight Gap addressed
here

Turnaround
operations

Wu and Caves [13];
Oreschko et al. [10];
Schmidt [11];
Malandri et al. [24];
Rott et al. [21]; Tang
et al. [22]

Milestone
(A-CDM) data
at commercial
airports;
stochastic
simulation;
process mining;
machine learning

Ground
processes are
stochastic and
airport-specific

Evidence for
non-scheduled
operators using
only landing and
takeoff times

Buffers and
reliability

Wu [1]; AhmadBeygi
et al. [2]; Deshpande
and Arıkan [12]; Hao
and Hansen [3]; van
Schilt et al. [35]

Airline schedules
and delay
records;
newsvendor and
optimization
models

Planned
durations are
implicit service
levels with a
cost trade-off

Service-level
reading of a
regulatory
ground-time
allowance

Military airlift Morton et al. [59];
Baker et al. [61]; Dietz
[65]; Brown et al.
[63]; Department of
the Air Force [4]; U.S.
Government
Accountability Office
[5]

Network
optimization,
queuing,
planning factors

Ground times
constrain
throughput and
crew use

Empirical
validation of a
ground-time
planning factor

Robust
statistics

Tukey and
McLaughlin [74];
Marazzi and Ruffieux
[79];
Delignette-Muller and
Dutang [82]; Holm
[88]; DerSimonian
and Laird [91]

Trimmed means,
distribution
fitting,
multiplicity
control, partial
pooling

Tools for
skewed data
and many small
units

Combined into
an auditable
adjust, monitor
or retain rule

3 Operational context and data

3.1 Airlift organization and the KC-390 ground-time standard

Logistic air transport moves personnel and materiel in support of national logistics
needs, ranging from planned exercises to operational and humanitarian missions [93].
Two commands structure the activity. The Preparation Command (COMPREP) is
responsible for training and for the standards that govern it, and the Aerospace Oper-
ations Command (COMAE) orders employment missions, that is, missions other than
training, which are passed to air bases and then to transport squadrons that assign
aircraft and crews. Employment missions are activated on demand and must pre-
serve rapid-response capacity, so their planning combines route design with detailed
assumptions about ground support. This study considers only employment missions
ordered by COMAE.
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COMPREP’s standard NOPREP/SGV/01E sets, among other planning factors,
the ground time to be assumed between a landing and the next takeoff. For the KC-390
the value is two hours, intended for unloading, refueling, provisioning and reloading [8].
The same standard defines three crew compositions—a simple crew with two pilots, a
composite crew with three and a relief crew with at least four—each associated with
a different maximum duty period, since off-duty pilots can rest in flight. Ground time
therefore enters crew planning directly: the sum of planned flight and ground times
along a route determines which crew composition a mission requires. The standard
does not differentiate between aerodromes.

The KC-390 can carry up to 26 tonnes of cargo or 80 troops [9, 94]. Its multimission
design adds tasks that are absent from airline turnarounds—installing or removing
seats, reconfiguring the cargo compartment and adjusting the load for weight and
balance—and that may differ between legs of the same mission.

3.2 Data source

The data are mission reports filed by aircraft commanders in the Hercules 2 system
for employment missions flown in 2023 and 2024. The extraction contained 36,773
flight-leg records from 25 aircraft fleets, of which 2,778 were KC-390 legs of missions
recorded as totally or partially accomplished. The main fields (Appendix Table 11)
include landing and takeoff dates and times, departure and arrival aerodromes, passen-
gers, cargo mass and volume, fuel and lubricant consumption, flight time, completion
status, mission and order identifiers, and two free-text fields. We initially searched the
mission-report free text for the term delay (atraso), which appeared in 1,001 of the
2,778 records. The free-text fields are, however, replicated across all legs of a mission,
so a reported delay cannot be attributed to a specific ground event; they were there-
fore not used. Aerodromes are identified by anonymized codes (AD-01, AD-02, . . . )
for confidentiality.

3.3 Ground-time construction

Because the reports contain no on-block or off-block times, ground time was con-
structed by ordering the legs of each mission and pairing each departure with the
preceding landing in the same mission:

GTm,i = DT dep
m,i −DT land

m,i−1, (1)

where DT dep
m,i is the date and time of takeoff of leg i of mission m and DT land

m,i−1 is the
date and time of landing of the previous leg. Each ground event is attributed to the
departure aerodrome of leg i, which coincides with the arrival aerodrome of leg i− 1
in all but four of the events retained. First legs, for which no preceding landing exists,
were excluded, leaving 2,196 intervals.

Five non-positive intervals, attributable to recording errors, and 512 intervals
longer than 10 h were then excluded. The applicable standard prescribes a minimum
crew rest of 10 h between landing and the next takeoff [8]. An interval of that length is
therefore more plausibly an overnight or crew-rest stop, a rescheduling or a deliberate
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hold than a ground-service event, and retaining it would mix the crew duty cycle with
the ground process that the two-hour parameter is meant to represent. The resulting
analytical sample contains 1,679 ground events, hereafter also referred to as stops.
Fig. 1 summarizes the construction of the sample and the structure of the analysis.

The landing-to-takeoff interval is longer than the on-block-to-off-block turnaround
because it includes taxi-in and taxi-out, and it may include short waits for clearance,
cargo or passengers. It is, however, exactly the interval governed by the planning
standard, which makes it the appropriate measure for evaluating that standard.

Mission reports
Hercules 2, 2023–2024
36,773 legs, 25 fleets

KC-390 legs,
missions accomplished

2,778

Landing-to-departure
intervals,

same mission
2,196

Analytical sample
≤10 h: 1,679 stops

Routine regime
≤4.5 h: 1,603 stops

Other fleets or missions
not accomplished
(33,995)

First legs, no preceding
landing (582)

>10 h, likely crew rest
(512); non-positive (5)

Extended ground
events, 4.5–10 h (76)

RQ2 Aerodrome evidence
14 aerodromes with >30 stops
Median and one-sided trimmed mean
Holm/BH control; simultaneous bounds
Regime decomposition; permutation test
Empirical Bayes partial pooling

RQ1 Fleet reliability
Clopper–Pearson reliability profile
Grouped-data MLE, 10 candidate families
Two-regime log-normal mixture
Anchoring check at the planning value
Service-level (quantile) planning values

RQ3 Planning policy
Newsvendor critical fractile
Adjust / monitor / retain rule
Sample-size rule for monitoring
Two-regime site models
Mission-level Monte Carlo

Analytical sample and routine regime feed three research questions

Figure 1 Construction of the analytical sample and structure of the analysis. Counts in gray boxes
are records removed at each step

4 Methods

4.1 Analytical design

The analysis proceeds in two layers. The leg-level layer requires the restricted records
and comprises the construction of ground times, the descriptive statistics by aero-
drome and the fitting of probability models to aerodrome-level samples (Section 4.3).
The aggregate layer uses only statistics reported in this article: the fleet-level fre-
quency distribution in half-hour classes (Table 2), the frequencies of the five-minute
values around the planning value (Section 5.1), the aerodrome-level counts, means
and medians before and after trimming (Table 5), and the model-based estimates and
confidence intervals (Table 6). Given these inputs and the procedures specified below,
the aggregate-layer results can be replicated without access to the restricted records.
Results that involve resampling or simulation (bootstrap intervals, the permutation
test and the mission-level simulation) will agree up to Monte Carlo error, and quanti-
ties recomputed from tabulated values may differ in the last reported digit because of
rounding. The aggregate layer was implemented in Python 3.12 with NumPy, SciPy
and pandas, and the leg-level layer in R with the fitdistrplus package [82].

4.2 Fleet-level reliability and regime separation

We define the reliability of a planning allowance t as R(t) = Pr(GT ≤ t), the pro-
portion of stops that are completed within the allowance, and refer to R(2) as the
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service level of the current standard. Empirical reliabilities are reported at half-hour
thresholds with Clopper–Pearson 95% confidence intervals [95].

The fleet-level data consist of counts nj in 20 half-hour classes (aj , bj ] covering
(0, 10] h. Since events longer than 10 h were excluded, the distribution is right-
truncated, and for a candidate cumulative distribution function Fθ the grouped-data
log-likelihood is

ℓ(θ) =
20∑

j=1

nj log
Fθ(bj)− Fθ(aj)

Fθ(10)
, (2)

which is the standard likelihood for interval-censored data [84, 85]. We fitted the nine
candidate families specified for the aerodrome-level analysis (exponential, normal,
log-normal, gamma, Weibull, log-logistic, inverse Gaussian, Burr XII and generalized
gamma) and a two-component log-normal mixture, F = πFR + (1 − π)FE , in which
FR represents routine ground service and FE extended ground events. Models were
compared by AIC and BIC, and absolute fit was assessed with Pearson’s χ2 statistic
after pooling classes with expected counts below five. For the mixture, the posterior
probability that an event of duration t belongs to the extended regime is

PE(t) =
(1− π)fE(t)

πfR(t) + (1− π)fE(t)
, (3)

which provides a data-driven benchmark for the trimming threshold.
The one-sided trimming threshold of 4.5 h was set at the first half-hour class at

which at least 95% of the analytical sample had accumulated (Section 5.1). We assess
this choice in two ways: by locating it on the posterior curve (3), and by computing
the fitted conditional mean E[GT | GT ≤ c] for thresholds c between 3 and 10 h.

Planning values for a target service level p are the quantiles tp = R−1(p). We report
empirical quantiles, obtained by linear interpolation within classes [96], with 95%
intervals from 5,000 multinomial bootstrap resamples, and mixture-based quantiles
with intervals from 300 parametric bootstrap refits [83].

Finally, we checked whether recorded ground times are anchored to the plan, that
is, whether departures tend to be recorded at the planning value, or just after it,
rather than when ground service is completed. Such anchoring would make observed
ground time partly a product of the standard itself [87] and would appear as heaping
of recorded values at the planning value [86]. Because times are recorded on a five-
minute grid, we compare the frequencies of the values 2 h 00 min and 2 h 05 min in the
trimmed sample with the average frequency of the other five-minute values between
1 h 45 min and 2 h 20 min, using a Poisson reference distribution.

4.3 Aerodrome-level robust inference

Aerodromes with more than 30 ground events were analyzed individually; 14 aero-
dromes, accounting for 1,251 of the 1,679 events, met this criterion. Two robust central
measures were used: the median of the analytical sample and the mean of the one-
sided trimmed sample (GT ≤ 4.5 h), hereafter the trimmed mean. Aerodromes whose
sample median (four aerodromes) or trimmed mean (five aerodromes) exceeded two
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hours were modeled. For each, the candidate families were fitted by maximum likeli-
hood with fitdistrplus; of the nine families specified, the generalized gamma could
not be estimated with the software used and one further family failed to converge
in one case, so seven or eight families were compared in each case. The family with
the lowest AIC was selected, and its fit was examined graphically (Appendix C). Two
95% confidence intervals were computed for the theoretical median or mean θ of the
selected distribution. The asymptotic interval is θ±z0.975 se, with se = {4nf(θ)2}−1/2

for the median, where f is the fitted density, and se = {Var(GT )/n}1/2 for the mean,
where the variance is that of the fitted distribution. The parametric-bootstrap inter-
val is formed by the 2.5th and 97.5th percentiles of the medians (or means) of 5,000
samples of size n drawn from the selected distribution with its parameters fixed at
the maximum-likelihood estimates.

We formalize the decision problem as a one-sided test of H0 : θa ≤ 2 h against H1 :
θa > 2 h, where θa is the median or trimmed mean at aerodrome a. The standard error
is recovered from the asymptotic interval as ŝea = (Ua − La)/(2z0.975), and the one-

sided p-value is 1−Φ{(θ̂a−2)/ŝea}. Because 14 aerodromes were screened, the relevant
family has 14 members for each measure. Aerodromes that were not modeled have
point estimates of at most two hours and hence one-sided p-values of at least 0.5; we
assign them p = 1, which leaves the family size unchanged and makes the adjustment
conservative. We report Holm-adjusted p-values [88], Benjamini–Hochberg q-values

[89] and simultaneous one-sided 95% lower confidence bounds θ̂a − z1−0.05/14 ŝea with
z1−0.05/14 = 2.69. Each aerodrome is then assigned to one of three tiers: adjust if
the Holm-adjusted p-value is below 0.05 for both the median and the trimmed mean;
monitor if at least one point estimate exceeds two hours but the evidence does not
meet the adjustment criterion; and retain otherwise.

For aerodromes in the monitor tier we compute the minimum detectable excess
with 80% power at the one-sided 5% level, MDEa = (z0.95+z0.80) ŝea, and the sample

size at which the observed excess would be detectable, n∗
a = na{(z0.95+z0.80)ŝea/(θ̂a−

2)}2. Dividing n∗
a − na by the annual accrual rate observed in 2023–2024 gives the

additional years of data required.

4.4 Routine and extended regimes across aerodromes

For each aerodrome a with na events, nT
a of which do not exceed 4.5 h, the share

of extended events is pa = (na − nT
a )/na, reported with Clopper–Pearson intervals.

Writing x̄a and x̄T
a for the means before and after trimming, the mean duration of

the extended events is µE
a = (nax̄a − nT

a x̄
T
a )/(na − nT

a ), and

x̄a − x̄T
a = pa (µ

E
a − x̄T

a ) (4)

decomposes the difference between the two means into the frequency and the severity
of extended events. Heterogeneity of pa across the 14 aerodromes and the pooled re-
maining aerodromes was tested with Pearson’s χ2 statistic, whose p-value was obtained
from 20,000 permutations with fixed margins; each aerodrome was also compared with
all others by a one-sided Fisher exact test with Holm adjustment.
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4.5 Partial pooling across aerodromes

Aerodrome medians based on 32–265 events differ in precision, and extreme esti-
mates from small samples partly reflect noise. We therefore fitted a random-effects
model to the log medians, ya = log m̂a ∼ N(θa, s

2
a) with θa ∼ N(µ, τ2), estimat-

ing τ2 by the DerSimonian–Laird method and summarizing heterogeneity with I2

[91, 92]. The sampling variance of each median follows from the asymptotic result
Var(m̂a) ≈ {4nafa(ma)

2}−1, with the density fa taken from the site models de-
scribed in Section 4.6, and sa = se(m̂a)/m̂a by the delta method. Empirical Bayes
estimates shrink each log median toward the pooled mean, θ̃a = Baya + (1 − Ba)µ̂
with Ba = τ̂2/(τ̂2 + s2a) [90], and yield the posterior probability that the median ex-
ceeds two hours and a 95% prediction interval for the median of an aerodrome not
in the sample. As sensitivity analyses, we replaced sa by the model-based standard
errors where available and inflated all sa by 50%.

4.6 Planning policy analysis

Service levels and implied costs

Let cu denote the cost of each hour by which ground time exceeds the allowance (duty
time consumed, downstream delay and the risk of an unplanned overnight stop) and
co the cost of each hour of allowance that is not used (idle aircraft and crew time). The
allowance that minimizes cu E[(GT − t)+] + co E[(t−GT )+] satisfies the newsvendor
condition

R(t∗) =
cu

cu + co
, (5)

[12, 41]. Conversely, an allowance with service level R(t) is optimal only if cu/co =
R(t)/{1−R(t)}, which we call the implied cost ratio of the standard.

Site models

Site-level reliabilities and mission simulations require a distribution for each aero-
drome. We represent each aerodrome by a two-regime model calibrated only to
published statistics: with probability 1− pa a routine event drawn from a log-normal
distribution truncated to (0, 4.5] h whose median and mean equal the aerodrome’s
trimmed median and trimmed mean, and with probability pa an extended event drawn
from the grouped distribution of the 76 events between 4.5 and 10 h in Table 2: a half-
hour class is selected with probability proportional to its count, and a value is drawn
uniformly within that class. The extended events are therefore represented by their
grouped fleet-level distribution, not by the individual durations, which are not dis-
closed. The implied medians of the full distributions, which are not used in calibration,
are compared with the reported medians as a validation check (Appendix B).

Planning values

For each aerodrome in the adjust tier we consider two candidate allowances derived
from the model-based estimates: a suggested value, equal to the larger of the fitted
median and the fitted trimmed mean, for routine planning; and a conservative value,
equal to the largest upper 95% confidence bound across the asymptotic and bootstrap
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intervals of the two measures, for missions in which an overrun would be especially
costly. Their service levels at each aerodrome are obtained from the site models.

Mission-level simulation

We compare four policies: a uniform allowance of 2.00 h; a localized policy that retains
2.00 h except at aerodromes in the adjust tier, where the suggested value is used;
a localized conservative policy that uses the conservative value at those aerodromes;
and a service-level policy that sets the allowance at each stop to the aerodrome’s 70th
percentile. Three stylized mission sequences are considered: two stops at adjust-tier
aerodromes (S1); three stops combining an adjust-tier aerodrome with a high-traffic
aerodrome and a fast aerodrome (S2); and three stops drawn in proportion to traffic
across the 14 aerodromes (S3). For each policy and sequence we simulate 200,000
missions assuming independent ground times across stops and report the probability
that cumulative ground time exceeds the cumulative allowance by more than 0, 30
and 60 minutes, the expected overrun and the expected unused allowance.

5 Results

5.1 Fleet-level reliability of the two-hour standard

Table 2 reports the distribution of the analytical sample in half-hour classes and the
corresponding reliability profile. Of the 1,679 ground events, 962 (57.3%; 95% CI 54.9–
59.7%) were completed within two hours, so the standard was exceeded at 42.7% of
stops. The fleet-level median was 1.83 h (95% CI 1.79–1.88 h): the standard lies above
the typical stop but corresponds only to its 57th percentile. Under Eq. (5), a service
level of 57.3% is optimal only if an hour of overrun costs 1.34 times as much as an hour
of unused allowance (95% CI 1.22–1.48). The share of events completed within 4.5 h
was 95.5%, and the remaining 76 events were spread thinly between 4.5 and 10 h.

The distribution is strongly right-skewed (Table 3; Fig. 2a). Light-tailed families
(exponential, normal, Weibull and gamma) are clearly rejected, and the log-normal,
inverse Gaussian and generalized gamma distributions also fail Pearson’s test. Only
the two-component log-normal mixture (p = 0.69) and the Burr XII distribution
(p = 0.10) are compatible with the data; the mixture has the lowest AIC, whereas BIC,
which penalizes its five parameters more heavily, favors the log-logistic distribution,
which fails the goodness-of-fit test at the 5% level. The mixture separates a routine
component with a median of 1.78 h and a log-scale standard deviation of 0.46 from a
diffuse extended component that accounts for 6.4% of events. The posterior probability
of the extended regime is 0.02 at two hours, 0.21 at 4.5 h and exceeds 0.5 only
beyond 5.7 h (Fig. 2d). The 4.5 h threshold therefore lies in the transition zone and is
conservative: it removes the events most likely to belong to the extended regime—the
mixture attributes 57% of the events above 4.5 h to that regime—while also trimming
some long routine stops. The choice is not consequential for the central estimate: the
fitted conditional mean equals 1.86, 1.91, 1.94 and 1.99 h for thresholds of 4.0, 4.5,
5.0 and 6.0 h, a range of eight minutes.

Recorded ground times show no anchoring to the planning value (Fig. 2b). All but
one of the 1,603 events in the trimmed sample lie on the five-minute grid. The values
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Table 2 Fleet-level distribution and reliability profile
of the 1,679 ground events in half-hour classes

Completed within the upper limit

Class (h)
Events
in class Events Share (%) 95% CI (%)

0.0–0.5 12 12 0.7 [0.4, 1.2]
0.5–1.0 168 180 10.7 [9.3, 12.3]
1.0–1.5 411 591 35.2 [32.9, 37.5]
1.5–2.0 371 962 57.3 [54.9, 59.7]
2.0–2.5 285 1,247 74.3 [72.1, 76.3]
2.5–3.0 187 1,434 85.4 [83.6, 87.1]
3.0–3.5 90 1,524 90.8 [89.3, 92.1]
3.5–4.0 54 1,578 94.0 [92.7, 95.1]
4.0–4.5 25 1,603 95.5 [94.4, 96.4]
4.5–5.0 16 1,619 96.4 [95.4, 97.3]
5.0–5.5 15 1,634 97.3 [96.4, 98.0]
5.5–6.0 10 1,644 97.9 [97.1, 98.5]
6.0–6.5 8 1,652 98.4 [97.7, 98.9]
6.5–7.0 6 1,658 98.7 [98.1, 99.2]
7.0–7.5 6 1,664 99.1 [98.5, 99.5]
7.5–8.0 2 1,666 99.2 [98.7, 99.6]
8.0–8.5 3 1,669 99.4 [98.9, 99.7]
8.5–9.0 3 1,672 99.6 [99.1, 99.8]
9.0–9.5 3 1,675 99.8 [99.4, 99.9]
9.5–10.0 4 1,679 100.0 [99.8, 100.0]

Note: The class counts are the grouped data used in Eq. (2);
the cumulative share at the upper limit of a class is the reli-
ability of an allowance equal to that limit. Clopper–Pearson
intervals.

Table 3 Distributions fitted to the grouped fleet-level data (1,679 events
in 20 half-hour classes, right-truncated at 10 h), ordered by AIC

Distribution k
Log-

likelihood ∆AIC ∆BIC χ2 (df) p

Log-normal mixture 5 -3461.0 0.0 5.6 8.2 (11) 0.694
Burr XII 3 -3466.6 7.2 1.9 18.6 (12) 0.100
Log-logistic 2 -3469.4 10.7 0.0 22.4 (12) 0.033
Generalized gamma 3 -3478.7 31.4 26.1 46.5 (11) <0.001
Log-normal 2 -3482.4 36.7 26.0 46.0 (11) <0.001
Inverse Gaussian 2 -3490.1 52.1 41.4 58.4 (11) <0.001
Gamma 2 -3548.3 168.5 157.8 176.1 (10) <0.001
Weibull 2 -3670.7 413.4 402.7 346.5 (10) <0.001
Normal 2 -3811.4 694.7 684.0 588.9 (10) <0.001
Exponential 1 -4069.8 1209.6 1193.5 1059.2 (17) <0.001

Note: k is the number of parameters; the log-normal mixture has two components.
χ2 is Pearson’s statistic after pooling classes with expected counts below five.

2 h 00 min and 2 h 05 min were recorded 55 and 51 times, whereas the other five-
minute values between 1 h 45 min and 2 h 20 min were recorded 55, 74, 50, 65, 61 and
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43 times (1 h 45 to 1 h 55 min and 2 h 10 to 2 h 20 min), an average of 58. Neither
value exceeds that average (p = 0.67 and p = 0.84 against a Poisson reference). There
is therefore no sign that departures are systematically recorded at, or just after, the
planned allowance, which supports reading the observed intervals as the durations of
the ground processes rather than as a reflection of the standard.

Table 4 converts the fleet distribution into planning values for target service levels.
Empirical and mixture-based quantiles agree to within 0.04 h at every tabulated
service level. A planning value of 2.08 h would have covered 60% of stops, 2.37 h
70%, 2.76 h 80% and 3.43 h 90%; each ten-point increase in the service level therefore
requires a progressively larger allowance, reflecting the long right tail.

Table 4 Fleet-level planning values for target service
levels and the cost ratio each implies

Planning value (h) [95% CI]

Service
level (%)

Implied
cu/co Empirical Mixture

50 1.00 1.83 [1.79, 1.88] 1.81 [1.77, 1.85]
60 1.50 2.08 [2.01, 2.14] 2.04 [1.99, 2.09]
70 2.33 2.37 [2.32, 2.43] 2.33 [2.27, 2.40]
75 3.00 2.53 [2.46, 2.62] 2.51 [2.44, 2.59]
80 4.00 2.76 [2.68, 2.84] 2.73 [2.66, 2.82]
85 5.67 2.98 [2.91, 3.11] 3.02 [2.93, 3.14]
90 9.00 3.43 [3.30, 3.59] 3.45 [3.34, 3.61]
95 19.00 4.34 [3.99, 4.74] 4.33 [4.08, 4.64]

Note: Empirical quantiles by linear interpolation within
half-hour classes, with intervals from 5,000 multinomial
bootstrap resamples; mixture quantiles with intervals from
300 parametric bootstrap refits. The current standard
(2.00 h) corresponds to a service level of 57.3% and an im-
plied cost ratio of 1.34.

5.2 Aerodrome heterogeneity: routine service and extended

events

Table 5 and Fig. 3 summarize the 14 aerodromes with more than 30 events. Medians
range from 1.33 h at AD-06 and AD-07 to 2.50 h at AD-02. Twelve aerodromes have
mean ground times above two hours, but only four have medians and five have trimmed
means above that value, which illustrates how strongly the arithmetic mean is driven
by a minority of long events. The decomposition in Eq. (4) makes this explicit. The
difference between the mean and the trimmed mean ranges from 0.05 h (AD-07) to
0.59 h (AD-14) and is driven by both the frequency and the duration of extended
events; at AD-02, for example, 17 extended events with a mean duration of 6.3 h raise
the mean by 0.47 h.

The share of extended events varies from 1.0% at AD-06 to 11.7% at AD-02
(Fig. 3b). The hypothesis of a common share across the 14 aerodromes and the pooled
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Table 5 Aerodromes with more than 30 ground events: central tendency before and after one-sided trimming, and
decomposition of extended ground events (above 4.5 h)

Analytical sample (≤10 h) Trimmed sample (≤4.5 h) Extended events (>4.5 h)

Aerodrome n Mean (h) Median (h) n Mean (h) Median (h) n Share (%) [95% CI] Mean (h)
Mean

inflation (h)

AD-01 265 2.14 1.92 251 1.91 1.83 14 5.3 [2.9, 8.7] 6.3 0.23
AD-02 145 2.80 2.50 128 2.33 2.25 17 11.7 [7.0, 18.1]a 6.3 0.47
AD-03 135 2.46 2.33 132 2.39 2.29 3 2.2 [0.5, 6.4] 5.5 0.07
AD-04 119 2.17 1.83 114 2.00 1.83 5 4.2 [1.4, 9.5] 6.0 0.17
AD-05 112 2.06 1.83 108 1.92 1.83 4 3.6 [1.0, 8.9] 5.9 0.14
AD-06 100 1.59 1.33 99 1.53 1.33 1 1.0 [0.0, 5.4] 7.4 0.06
AD-07 66 1.61 1.33 65 1.56 1.33 1 1.5 [0.0, 8.2] 5.0 0.05
AD-08 61 2.10 1.67 58 1.79 1.63 3 4.9 [1.0, 13.7] 8.2 0.31
AD-09 56 2.07 1.79 55 2.00 1.75 1 1.8 [0.0, 9.6] 6.1 0.07
AD-10 47 2.31 2.17 44 2.14 2.08 3 6.4 [1.3, 17.5] 4.8 0.17
AD-11 41 2.72 2.42 37 2.40 2.33 4 9.8 [2.7, 23.1] 5.7 0.32
AD-12 40 2.46 1.88 39 2.28 1.83 1 2.5 [0.1, 13.2] 9.4 0.18
AD-13 32 2.03 1.67 31 1.78 1.67 1 3.1 [0.1, 16.2] 9.8 0.25
AD-14 32 2.24 1.67 29 1.65 1.42 3 9.4 [2.0, 25.0] 7.9 0.59

Notes: Mean inflation is the difference between the mean and the trimmed mean (Eq. 4). Shares with Clopper–Pearson intervals. Mean
durations of extended events are computed from the rounded trimmed means and are accurate to within ±0.04–0.5 h; the bound is
widest at aerodromes with a single extended event. a Share significantly higher than at all other aerodromes (one-sided Fisher exact
test, Holm-adjusted p < 0.05).
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Figure 2 Fleet-level distribution of KC-390 ground time. (a) Grouped distribution of the analytical
sample with the fitted two-component log-normal mixture. (b) Frequencies of the five-minute values in
the trimmed sample; the horizontal segment is the average frequency of the values between 1 h 45 min
and 2 h 20 min other than 2 h 00 and 2 h 05 min. (c) Reliability of a planning allowance with
Clopper–Pearson intervals; the vertical lines mark the allowances required for 80% and 90% service
levels under the mixture fit (Table 4). (d) Posterior probability that an event of a given duration
belongs to the extended regime

remaining aerodromes is rejected (χ2
14 = 31.2, permutation p = 0.007). AD-02 stands

out: its share is 2.6 times the fleet average, and it is the only aerodrome whose share is
significantly higher than elsewhere after Holm adjustment. Heterogeneity is therefore
present both in routine service and in the frequency of extended events, and the two
do not coincide: AD-03 combines a long routine service with a low share of extended
events, whereas AD-14 combines a short routine service with a high share.

5.3 Aerodrome-level inference and robustness

Table 6 and Fig. 4 report the model-based estimates for the aerodromes whose median
or trimmed mean exceeded two hours. AD-02, AD-03 and AD-11 exceed the standard
on both measures. Their one-sided p-values remain below 0.05 after Holm adjustment
over the 14 screened aerodromes (the largest adjusted value is 0.028, for the AD-11
median), and all six simultaneous one-sided lower bounds exceed two hours, ranging
from 2.02 h (AD-11, median) to 2.20 h (AD-03, trimmed mean). Benjamini–Hochberg
q-values lead to the same classification: at most 0.011 for these aerodromes and at
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Figure 3 Aerodromes with more than 30 ground events. (a) Median, trimmed mean and mean; the
gray segment spans the median and the mean. (b) Share of events above 4.5 h with Clopper–Pearson
95% intervals; the vertical line is the fleet-wide share

least 0.21 for the others. The asymptotic and parametric-bootstrap intervals differ by
at most 0.03 h, so the conclusions do not depend on the interval method. These three
aerodromes are assigned to the adjust tier.
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Figure 4 Model-based estimates for aerodromes with a median or trimmed mean above two hours:
asymptotic and parametric-bootstrap 95% confidence intervals and simultaneous one-sided 95% lower
bounds (Bonferroni, 14 aerodromes). The vertical line marks the current standard

AD-10 and AD-12 have point estimates above two hours but do not meet the
adjustment criterion and are assigned to the monitor tier. Table 7 shows why the
evidence is inconclusive and what would resolve it. At AD-12 the trimmed mean
exceeds the standard by 0.28 h, but with 39 events the minimum detectable excess is
0.45 h; about 101 events—roughly three further years at the 2023–2024 rate—would
be needed to detect an excess of the observed size. At AD-10 the observed excess is
small (0.10–0.14 h, or six to eight minutes) and would require 226 to 681 events, that
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Table 6 Model-based inference for aerodromes with a median or trimmed mean above two hours, with multiplicity control
over the 14 screened aerodromes

Aerodrome Measure Distribution n
Estimate

(h)
Asymptotic

95% CI
Bootstrap
95% CI z

Holm
p

Simultaneous
bound (h) Tier

AD-02 Median Burr 145 2.41 2.21–2.61 2.22–2.62 4.02 <0.001 2.14 Adjust
AD-02 Trimmed mean Normal 128 2.33 2.20–2.45 2.20–2.46 5.17 <0.001 2.16 Adjust
AD-03 Median Gamma 135 2.34 2.15–2.53 2.15–2.53 3.51 0.003 2.08 Adjust
AD-03 Trimmed mean Weibull 132 2.39 2.26–2.53 2.26–2.53 5.66 <0.001 2.20 Adjust
AD-10 Median Log-logistic 47 2.10 1.80–2.40 1.82–2.41 0.65 1.000 1.69 Monitor
AD-10 Trimmed mean Gamma 44 2.14 1.89–2.39 1.91–2.40 1.10 1.000 1.80 Monitor
AD-11 Median Log-logistic 41 2.47 2.15–2.80 2.16–2.83 2.83 0.028 2.02 Adjust
AD-11 Trimmed mean Gamma 37 2.40 2.17–2.63 2.18–2.64 3.41 0.004 2.08 Adjust
AD-12 Trimmed mean Inverse Gaussian 39 2.28 1.92–2.63 1.94–2.66 1.55 0.672 1.79 Monitor

Notes: Estimates are the theoretical median or mean of the selected distribution (diagnostics in Appendix C). z = (θ̂ − 2)/ŝe
with the standard error recovered from the asymptotic interval. Holm-adjusted one-sided p-values over the 14 screened aerodromes.
Simultaneous bound: one-sided 95% lower confidence bound with Bonferroni correction for 14 aerodromes. AD-12 appears only for
the trimmed mean because its sample median did not exceed two hours.
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is, 8 to 27 further years, to be detected; an excess of that size is too small to justify
a change, and monitoring serves to detect any drift. The remaining nine aerodromes,
whose medians and trimmed means do not exceed two hours, form the retain tier.

Table 7 Monitoring requirements for aerodromes in the monitor tier

Aerodrome Measure n
Observed
excess (h)

MDE
(h)

Required
n

Additional
years

AD-10 Median 47 0.10 0.38 681 27.0
AD-10 Trimmed mean 44 0.14 0.32 226 8.3
AD-12 Trimmed mean 39 0.28 0.45 101 3.2

Notes: MDE: minimum excess over two hours detectable with 80% power in a one-
sided test at the 5% level. Required n: sample size at which the observed excess
would be detectable with 80% power. Additional years at the 2023–2024 accrual
rate.

5.4 Partial pooling across aerodromes

Aerodrome medians are strongly heterogeneous (Q = 138.0, 13 df, p < 0.001; I2 =
0.91; τ̂ = 0.16 on the log scale), and the heterogeneity persists when model-based
standard errors are used (I2 = 0.89) or when all standard errors are inflated by 50%
(I2 = 0.79). The pooled median is 1.88 h (95% CI 1.71–2.07 h), and the 95% prediction
interval for the median of an aerodrome outside the sample is 1.30–2.73 h. Shrinkage
toward the pooled median is small for the busiest aerodromes and substantial for the
smallest ones, reaching 49% of the distance for AD-14 (Tables 5 and 8; Fig. 5).

After shrinkage, the medians of AD-02 (2.47 h; 95% interval 2.33–2.63 h), AD-
03 (2.30 h; 2.13–2.49 h) and AD-11 (2.35 h; 2.12–2.61 h) remain above two hours.
Their posterior probabilities of exceeding two hours are at least 0.999 in the baseline
specification, at least 0.991 with model-based standard errors and at least 0.96 with
inflated standard errors, so the adjust tier is robust to partial pooling. AD-10 also has
a high posterior probability of exceeding two hours (0.94 in the baseline and 0.81–0.82
in the sensitivity analyses), but its shrunken median of 2.14 h exceeds the standard by
only eight minutes, which is consistent with its placement in the monitor tier; AD-12
has a posterior probability of 0.28. At the other end of the distribution, the shrunken
medians of AD-06 (1.42 h) and AD-07 (1.48 h) have upper interval bounds of 1.63
and 1.78 h, so the standard is systematically generous at these aerodromes.

5.5 Planning values and mission-level consequences

The site models translate these differences into reliabilities (Table 8; Fig. 6). The share
of stops completed within two hours ranges from 25% at AD-11 and 30% at AD-02
to 75% at AD-06, around the fleet-wide 57%. At the three adjust-tier aerodromes the
standard is met at only 25–35% of stops. The suggested allowances of 2.39–2.47 h
raise this share to 53%, close to the level that the current standard delivers fleet-wide,
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Table 8 Aerodrome-level reliability of the two-hour standard,
service-level planning values from the site models and partially
pooled medians

Service-level
value (h)

Aerodrome
Within
2 h (%) 70% 80%

Pooled median (h)
[95% interval]

P (median
>2 h)

AD-01 58 2.21 2.47 1.92 [1.83, 2.01] 0.03
AD-02 30 2.83 3.25 2.47 [2.33, 2.63] 1.00
AD-03 35 2.83 3.19 2.30 [2.13, 2.49] 1.00
AD-04 54 2.58 3.07 1.84 [1.62, 2.10] 0.11
AD-05 59 2.21 2.48 1.84 [1.70, 1.98] 0.01
AD-06 75 1.84 2.22 1.42 [1.24, 1.63] 0.00
AD-07 72 1.93 2.38 1.48 [1.24, 1.78] 0.00
AD-08 63 2.21 2.63 1.71 [1.48, 1.98] 0.02
AD-09 56 2.58 3.10 1.82 [1.49, 2.23] 0.18
AD-10 41 2.44 2.68 2.14 [1.96, 2.34] 0.94
AD-11 25 2.83 3.17 2.35 [2.12, 2.61] 1.00
AD-12 54 2.64 3.15 1.88 [1.52, 2.32] 0.28
AD-13 67 2.08 2.36 1.71 [1.47, 1.99] 0.02
AD-14 63 2.34 3.01 1.77 [1.41, 2.22] 0.15

Notes: Shares within two hours and service-level values are derived from
the two-regime site models (Appendix B). Pooled medians are empirical
Bayes estimates from the random-effects model with standard errors
derived from the site models.
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AD-02 95% prediction interval, new aerodrome

Observed median, 95% CI
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Figure 5 Observed and partially pooled (empirical Bayes) aerodrome medians with 95% intervals.
The shaded band is the 95% prediction interval for the median of an aerodrome not in the sample,
and the thin vertical line is the pooled median

and the conservative allowances of 2.53–2.83 h raise it to 59–70% (Table 9). A 70%
service level at each of them would require about 2.83 h.

Table 10 and Fig. 7 report the mission-level consequences. For a sequence with
stops at AD-02 and AD-11 (S1), the uniform standard leads to a cumulative overrun
of more than 30 minutes in 66% of simulated missions and of more than one hour
in 49%. Localized allowances reduce these probabilities to 38% and 29%, at the cost
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Table 9 Planning values at the adjust-tier aerodromes and the service levels
they deliver

Standard Suggested Conservative Service-level value (h)

Aerodrome
Within
2 h (%)

Value
(h)

Within
(%)

Value
(h)

Within
(%) 70% 80%

AD-02 30 2.41 53 2.62 62 2.83 3.25
AD-03 35 2.39 53 2.53 59 2.83 3.19
AD-11 25 2.47 53 2.83 70 2.83 3.17

Notes: Suggested and conservative values as defined in Section 4.6, computed from the
estimates in Table 6. Service levels from the site models (Appendix B).
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Figure 6 Reliability of planning allowances by aerodrome. (a) Share of stops completed within a
given allowance at the adjust-tier aerodromes and for the fleet. (b) Share of stops completed within
the two-hour standard at each aerodrome; adjust-tier aerodromes are highlighted and the vertical
line marks the fleet-wide share

of 0.88 h of additional planned ground time and an increase in expected unused
allowance from 0.07 to 0.35 h; the conservative values reduce them further to 28% and
23%. In the mixed sequence (S2), in which only AD-03 is adjusted, the probability
of an overrun above 30 minutes falls from 35% to 27%, and in three-stop missions
drawn by traffic share (S3) from 42% to 36%. Setting every allowance at the local
70th percentile yields the lowest overrun risk in all sequences but roughly doubles the
expected unused allowance in S2 and S3 (1.14–1.25 h, against 0.56–0.57 h under the
uniform standard). Because extended events are included in the simulation, a residual
risk remains under every policy: even with the service-level policy, 14–21% of missions
overrun by more than one hour. Extended events must therefore be managed through
contingency arrangements rather than planned buffers.
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Table 10 Mission-level consequences of alternative planning policies (200,000 simulated
missions per cell)

Overrun
probability (%)

Sequence Policy
Planned

ground time (h) >0
>30
min

>60
min

Expected
overrun (h)

Expected
unused (h)

S1 Uniform 2.00 h 4.00 83 66 49 1.64 0.07
Localized, suggested 4.88 52 38 29 1.04 0.35
Localized,
conservative

5.45 36 28 23 0.79 0.67

70th percentile at
each stop

5.66 32 25 21 0.72 0.81

S2 Uniform 2.00 h 6.00 47 35 25 0.77 0.57
Localized, suggested 6.39 37 27 19 0.60 0.80
Localized,
conservative

6.53 34 25 18 0.55 0.89

70th percentile at
each stop

6.88 27 19 14 0.44 1.14

S3 Uniform 2.00 h 6.00 53 42 33 1.13 0.56
Localized, suggested 6.32 45 36 28 0.96 0.70
Localized,
conservative

6.47 42 33 26 0.89 0.79

70th percentile at
each stop

7.20 29 22 17 0.63 1.25

Notes: S1: stops at AD-02 and AD-11; S2: stops at AD-01, AD-03 and AD-06; S3: three stops
drawn in proportion to traffic across the 14 aerodromes. Overrun: cumulative ground time minus
cumulative allowance across the stops of a mission. Localized policies retain 2.00 h except at
AD-02, AD-03 and AD-11, where the suggested or conservative values (Table 9) are used; the
last policy sets each allowance at the aerodrome’s 70th percentile. Ground times are simulated
from the site models, including extended events, and are assumed independent across stops.
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Figure 7 Trade-off between the probability of a cumulative overrun above 30 minutes and the
expected unused allowance for four planning policies in three mission sequences
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6 Discussion

6.1 A planning standard is an implicit service level

The two-hour standard is not wrong on average: the fleet median of 1.83 h lies below
it. Read as a service level, however, it covers only 57% of stops, which implies a cost
ratio cu/co of about 1.3 (Section 5.1). In airlift operations that ratio appears low. An
overrun consumes crew duty time, can cascade into an unplanned overnight stop that
delays cargo and passengers by many hours, and at the limit compromises the fatigue
margins that duty limits are designed to protect [54]; an unused hour mostly idles an
aircraft that is already committed to the mission. If planners judged the ratio to be
4:1, the corresponding fleet-wide allowance would be about 2.75 h (Table 4). We do
not claim to know the correct ratio. The point is that the current standard embeds
a cost judgement implicitly, and that making it explicit—as airlines do when they
set scheduled block times with reference to on-time targets [3, 12]—would allow the
choice of allowance to be debated on operational grounds rather than inherited.

The same framing clarifies why a uniform increase of the standard would be a
poor remedy. At the fastest aerodromes the two-hour value already covers about three
quarters of stops, so raising it everywhere would add idle time where none is needed.
The problem is not the level of the standard but its uniformity.

6.2 Heterogeneity in routine service and in extended events

The aerodrome-level evidence identifies two distinct sources of heterogeneity. The first
concerns routine service. At AD-02, AD-03 and AD-11 both robust measures exceed
two hours, the finding survives family-wise error control and partial pooling, and the
site models suggest that only 25–35% of stops are completed within the standard.
An excess of 20–30 minutes per stop may appear modest, but it accumulates along
multi-stop sequences and is precisely the kind of recurrent, predictable shortfall that
a planning buffer should absorb [1]. The second concerns extended events, whose fre-
quency ranges from 1% to 12% across aerodromes and is significantly heterogeneous.
AD-02 is exposed on both dimensions, whereas AD-03 has a longer routine service
but few extended events. These profiles call for different responses: routine excess is
addressed by a larger allowance in the plan, while extended events are better man-
aged by contingency arrangements—the availability of a relief crew, pre-coordinated
overnight options or a review of the causes of long ground events—than by padding
every stop [57].

The partial-pooling results reinforce the case for aerodrome-specific planning.
Between 79% and 91% of the variation in aerodrome medians, depending on the spec-
ification, reflects genuine differences rather than sampling noise, and a new aerodrome
could plausibly have a median anywhere between 1.3 and 2.7 h. The fleet-wide value
is therefore an uncertain guide for any particular aerodrome, and particularly so for
aerodromes with little operational history.
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6.3 What recorded ground times measure

Where a planning allowance governs departure times, observed durations can partly
reflect the allowance itself: if aircraft that are ready early wait for their planned
departure, work appears to expand to fill the time available and the time actually
required is overstated [87]. The KC-390 records show no such anchoring. Recorded
ground times do not concentrate at, or just after, the two-hour value, so the observed
intervals can be read as the durations of the ground processes, including taxiing and
short waits, rather than as an echo of the standard. This matters for interpretation:
the excess over two hours at AD-02, AD-03 and AD-11 reflects how long stops at those
aerodromes actually take, and the shorter ground times elsewhere are not compressed
toward the standard. If localized allowances are adopted, the same check should be
repeated, because allowances could begin to shape recorded departure times; recording
ready-for-departure times would separate process time from planned waiting directly.

6.4 Implications for aircraft operations and mission planning

The results support a tiered policy that retains the administrative simplicity of a de-
fault. The two-hour value is retained as the fleet-wide default. At AD-02, AD-03 and
AD-11 it is replaced by the suggested values of 2.39–2.47 h for routine planning, with
the conservative values of 2.53–2.83 h reserved for high-consequence missions, such as
sequences with tight downstream tasking, limited recovery options or no relief crew
available. AD-10 and AD-12 are placed under monitoring: their excess is either small
(6–8 minutes at AD-10) or uncertain, and the monitoring rule states in advance how
much additional evidence would justify a change, which protects the process from re-
acting to noise. The mission-level simulation indicates what the policy buys: localized
allowances reduce the probability of a cumulative overrun above 30 minutes by 28
percentage points on a route through two adjust-tier aerodromes and by 6–8 points
on mixed routes, at the cost of less than one hour of additional planned ground time
per mission. Localized allowances also restore parity: at the adjust-tier aerodromes
they deliver a service level of about 53%, close to the 57% that the standard delivers
fleet-wide.

The distinction between routine shortfalls and extended events also helps interpret
ground-support interventions. The location-dependent equipment analysis of Tucci
and Facchini [6] motivates collecting resource and readiness information at the slower
aerodromes; the present duration data alone cannot identify which equipment in-
vestment would reduce ground time. Likewise, robust apron scheduling [32] could
complement revised allowances where the handling tasks and resource constraints can
be observed.

Three further implications follow. First, aerodrome-specific allowances belong in
the planning tool used to assemble missions, so that route feasibility and crew compo-
sition are assessed against a timeline that reflects local conditions; where the localized
timeline approaches a duty limit, the decision to assign an augmented crew rests on
evidence rather than on undifferentiated uncertainty, and where it does not, leaner
crews preserve payload capacity. Second, the allowances double as a performance in-
dicator: persistent reliance on conservative values at an aerodrome signals a need to
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review ground-support equipment, refueling arrangements or cargo readiness, in the
spirit of turnaround monitoring frameworks [19]. Third, the workflow is transferable.
Regional, cargo and humanitarian operators that apply uniform minimum turnaround
times across stations with very different handling resources face the same problem, and
the method requires only landing and takeoff times, or their on- and off-block equiv-
alents. Because the extended analyses rely only on aggregate statistics, the workflow
also suits operators whose leg-level data are commercially sensitive.

6.5 Limitations and future research

Several limitations qualify these conclusions. The landing-to-takeoff interval includes
taxi time and is recorded on a five-minute grid; it is the interval governed by the stan-
dard, but it is not a pure measure of ground-service time. No explanatory variables
were modeled: cargo mass and configuration, passenger numbers, fuel uplift, mission
type, reconfiguration requirements, time of day, weather and ground-support availabil-
ity are likely drivers of ground time, and their omission limits the explanation of why
AD-02, AD-03 and AD-11 are slower. Aerodromes are anonymized, which protects op-
erational information but prevents readers from relating the results to infrastructure
characteristics. The aggregate layer relies on approximations: standard errors recov-
ered from Wald intervals, a mixture fitted to half-hour classes, site models calibrated
to two moments and, in the simulation, independent ground times across the stops of
a mission. The evaluation covers only aerodromes with more than 30 events, so rarely
used aerodromes—where the default is least informed—are not assessed, and the two-
year window may not capture changes in infrastructure, procedures or mission mix
over longer periods. Finally, the observed distribution was generated under the cur-
rent standard; although recorded times show no anchoring to it, the behavior of crews
and ground staff under different allowances cannot be observed in these data.

Synthetic operational data, as investigated by Murad and Ruocco [31], offer a
possible extension when a data owner can validate generated records against protected
observations. Such validation would be needed before substituting synthetic data for
leg-level inference; the present study instead makes its aggregate inputs explicit.

Future research should model the drivers of ground time with leg-level covariates,
using quantile regression to target the upper quantiles that matter for buffers [97] and
hierarchical models to borrow strength across aerodromes; elicit the cost ratio cu/co
from planners so that service-level targets can be set explicitly; and embed localized
allowances in a discrete-event simulation of mission networks with crew duty rules to
quantify effects on crew allocation, payload and mission completion. The collection
of on-block, off-block and ready-for-departure times would allow the separation of
process time from planned waiting and would open the way to data-driven turnaround
prediction of the kind now used at commercial hubs [22].

7 Conclusions

This study tested the KC-390 two-hour ground-time standard against 1,679 ground
events reconstructed from two years of Brazilian Air Force mission reports. Three
conclusions emerge. First, the standard is best understood as an implicit service level:
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it is met by 57% of stops, which presumes that an hour of overrun costs little more than
an hour of idle aircraft time. Second, a uniform value conceals marked heterogeneity:
at three aerodromes the standard is systematically too short on two robust measures,
a finding that survives multiplicity control and partial pooling, while the frequency
of extended ground events varies more than tenfold across aerodromes. Recorded
ground times show no anchoring to the standard, so these differences reflect the ground
processes themselves. Third, a tiered policy that retains the default, adjusts it where
the evidence is robust and monitors where it is suggestive reduces overrun risk in the
affected mission sequences at a modest cost in planned ground time. More broadly, the
study shows how an operator can audit a planning standard with routinely collected,
coarse and restricted operational data, and how the language of service levels can turn
an inherited rule into an explicit, evidence-based choice.
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A Mission-report variables

Table 11 Main variables of the mission reports and their use in this study

Variable Description Used

Landing date and time Date and time of landing of the leg Yes (ground-time
construction)

Takeoff date and time Date and time of takeoff of the leg Yes (ground-time
construction)

Departure aerodrome ICAO code of the departure aerodrome
(anonymized)

Yes (attribution to
aerodrome)

Arrival aerodrome ICAO code of the arrival aerodrome
(anonymized)

Consistency check only

Mission-report number Identifier used to group the legs of a
mission

Yes (pairing of legs)

Model Aircraft type Yes (KC-390 filter)
Completion Mission accomplished totally, partially

or not at all
Yes (total or partial
only)

Status Status of the report No
Issuer Air unit issuing the report No
Application Mission operation or application No
Registration Aircraft registration No
Passengers Passengers transported on the leg No
Cargo mass; cargo volume Cargo transported on the leg (kg; m3) No
Fuel; lubricant Fuel (kg) and lubricant (L) consumed on

the leg
No

Flight time Flight time of the leg (h) No
Order number Operational order referenced by the

report
No

Commander’s report;
mission report

Free text, replicated across all legs of a
mission

Exploratory search only
(not attributable to a
leg)

B Site models: calibration and validation

The site models are defined in Section 4.6. Because the mean of a truncated log-normal
distribution is not monotone in σ for a given median, the calibration equations can
have two solutions, which occurred at AD-02, AD-03, AD-04 and AD-11. We retain the
solution with the smaller σ, which at these four aerodromes places at most 10.5% of the
routine component above the trimming threshold, whereas the alternative solutions
place 13–41% of it above 4.5 h, which is inconsistent with the regime separation.

Independent evidence supports this choice. For the five aerodromes with model-
based intervals for the trimmed mean, the standard deviation implied by those
intervals (ŝe

√
n) can be compared with that of the calibrated routine component. For

AD-02, AD-03 and AD-11 the retained solutions imply 0.65, 0.82 and 0.61 h, against
0.72, 0.79 and 0.71 h from the model-based intervals, whereas the rejected solutions
imply 1.10, 0.93 and 1.07 h. For AD-12 the site model implies 1.08 h against 1.13 h; for
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AD-10 it implies 0.52 h against 0.85 h, so the reliability curve of AD-10 is steeper than
the data suggest. At AD-09 and AD-12 no exact solution exists—the trimmed mean
exceeds the trimmed median by more than any truncated log-normal distribution al-
lows, which at AD-12 is consistent with the bimodal pattern visible in Fig. 9(e)—and
the closest solution was used, with residual discrepancies of 0.06 and 0.27 h, respec-
tively; these solutions also place more of the routine component above 4.5 h (26% and
21%).

As an out-of-sample check, the medians of the full distributions implied by the
site models, which are not used in calibration, reproduce the reported medians with
a mean absolute error of 0.04 h (maximum 0.14 h, at AD-02). Standard errors of
the median derived from the site densities are within 35% of the parametric ones for
the four aerodromes where both are available (AD-02: 0.08 against 0.10 h; AD-03:
0.10 against 0.10 h; AD-10: 0.10 against 0.15 h; AD-11: 0.14 against 0.17 h), which
motivates the sensitivity analyses reported in Section 5.4. Table 12 lists the parameters
of all site models together with these checks.

Table 12 Parameters and validation of the two-regime site models

Routine component Median (h)

Aerodrome µ σ SD (h)
Mass above
4.5 h (%)

Extended
share (%)

Calibration
residual (h) Reported

Site
model

AD-01 0.605 0.298 0.57 0.1 5.3 0.00 1.92 1.87
AD-02 0.814 0.287 0.65 0.8 11.7 0.00 2.50 2.36
AD-03 0.855 0.402 0.82 5.3 2.2 0.00 2.33 2.32
AD-04 0.690 0.649 0.99 10.5 4.2 0.00 1.83 1.89
AD-05 0.605 0.319 0.61 0.2 3.6 0.00 1.83 1.86
AD-06 0.306 0.618 0.86 2.6 1.0 0.00 1.33 1.34
AD-07 0.335 0.728 0.95 5.4 1.5 0.00 1.33 1.35
AD-08 0.503 0.502 0.83 2.3 4.9 0.00 1.67 1.68
AD-09 0.876 0.964 1.12 25.7 1.8 0.06 1.79 1.78
AD-10 0.733 0.241 0.52 0.1 6.4 0.00 2.17 2.12
AD-11 0.848 0.260 0.61 0.6 9.8 0.00 2.42 2.41
AD-12 0.833 0.844 1.08 21.3 2.5 0.27 1.88 1.87
AD-13 0.515 0.372 0.66 0.4 3.1 0.00 1.67 1.70
AD-14 0.425 0.760 0.99 7.8 9.4 0.00 1.67 1.56

Notes: µ and σ are the log-scale parameters of the routine log-normal component before trun-
cation at 4.5 h; SD is the standard deviation of the truncated component. Calibration residual:
largest absolute difference between the fitted and reported trimmed median and trimmed mean.
The site-model median is not used in calibration.

C Goodness-of-fit diagnostics of the aerodrome-level

models

Figs. 8 and 9 show, for each aerodrome and measure in Table 6, the empirical and
fitted densities and the Q–Q plot of the selected distribution. Ground times are in
hours; in the Q–Q plots, empirical quantiles are plotted against the quantiles of the
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fitted distribution. The fitted distributions reproduce the body of the data closely at
all aerodromes. The largest departures occur in the upper tail of the full samples used
for the median analysis, where the extended events lie (Fig. 8), and at AD-12, whose
trimmed sample has a secondary concentration of events between 4 and 4.5 h that no
unimodal distribution captures (Fig. 9e).

(a) AD-02: Burr distribution, full sample (n = 145)

(b) AD-03: gamma distribution, full sample (n = 135)

(c) AD-10: log-logistic distribution, full sample (n = 47)

(d) AD-11: log-logistic distribution, full sample (n = 41)

Figure 8 Goodness-of-fit diagnostics of the distributions selected for the median analysis (full sam-
ples, ≤10 h): empirical and fitted densities (left) and Q–Q plots (right)

30



1381
1382
1383
1384
1385
1386
1387
1388
1389
1390
1391
1392
1393
1394
1395
1396
1397
1398
1399
1400
1401
1402
1403
1404
1405
1406
1407
1408
1409
1410
1411
1412
1413
1414
1415
1416
1417
1418
1419
1420
1421
1422
1423
1424
1425
1426

(a) AD-02: normal distribution, trimmed sample (n = 128)

(b) AD-03: Weibull distribution, trimmed sample (n = 132)

(c) AD-10: gamma distribution, trimmed sample (n = 44)

(d) AD-11: gamma distribution, trimmed sample (n = 37)

(e) AD-12: inverse Gaussian distribution, trimmed sample (n = 39)

Figure 9 Goodness-of-fit diagnostics of the distributions selected for the trimmed-mean analysis
(trimmed samples, ≤4.5 h): empirical and fitted densities (left) and Q–Q plots (right)
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