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LATENT DEMAND AND THE CAPACITY
ILLUSION IN RAIL TRANSPORT

Kurambayev Alisher Saburbayevich
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E-mail: ali.sher@mail.ru

Abstract. This thesis examines the extent to which observed ticket sales may not fully reflect the level of unmet demand in railway pas-
senger transport, particularly when services operate at or near full capacity. The study aims to distinguish between booked demand and
latent demand and to demonstrate, through an access-coefficient adjustment, that potential unmet demand can be estimated quantita-
tively. Latent demand was reconstructed for a national high-speed passenger service across four domestic routes by adjusting observed
weekly seat sales using a booking-access coefficient calibrated to service frequency. The results indicate an overall shortage coefficient
of 0.367, suggesting that a substantial share of potential passengers may remain unaccommodated under existing capacity conditions.
The corresponding estimated weekly foregone ticket revenue exceeds five billion UZS, with the largest absolute value observed on the
highest-frequency route.

Keywords: latent demand, censored demand, railway passenger transport, capacity shortage, foregone ticket revenue.

Annotatsiya. Mazkur tezisda temir yo‘l yo‘lovchi transportida kuzatiladigan chipta savdosi, aynigsa, xizmatlar to‘liq yoki to‘liq quv-
vatga yaqin darajada ishlayotgan sharoitlarda, qondirilmagan talabning haqiqiy darajasini to‘liq aks ettirmasligi mumkinligi o‘rganil-
gan. Tadqiqotning magsadi bron qilingan talab va yashirin talab o‘rtasidagi farqni aniqlashtirish hamda kirish koeffitsiyenti asosidagi
tuzatish orqali potensial qondirilmagan talabni miqdoriy baholash mumkinligini ko‘rsatishdan iborat. Yashirin talab milliy yuqori
tezlikdagi yo‘lovchi tashish xizmatining to‘rtta ichki yo‘nalishi bo‘yicha xizmat ko‘rsatish chastotasiga moslashtirilgan bron qilish
imkoniyati koeffitsiyenti yordamida kuzatilgan haftalik o‘rindiq savdosi ko‘rsatkichlarini tuzatish orqali qayta hisoblandi. Natijalar
umumiy taqchillik koeffitsiyenti 0,367 ni tashkil etishini ko‘rsatdi, bu mavjud sig‘im sharoitida potensial yo‘lovchilarning sezilarli
qismi xizmatdan foydalana olmay qolishi mumkinligini anglatadi. Hisoblangan haftalik yo‘qotilgan chipta tushumi 5 milliard so‘mdan
oshadi, eng katta mutlaq ko‘rsatkich esa qatnov chastotasi eng yuqori bo‘lgan yo‘nalishda kuzatilgan.

Kalit so‘zlar: yashirin talab, senzuralangan talab, temir yo‘l yo‘lovchi transporti, sig‘im taqchilligi, yo‘qotilgan chipta tushumi.

INTRODUCTION

A service that runs at full occupancy is conventionally read as a sign of strong, satisfied demand. In railway passenger
transport, this interpretation may be incomplete whenever tickets sell out before the full pool of willing travellers has had
the opportunity to book: the observed sales figure then measures capacity, not demand, and the gap between the two —
latent demand — may not be fully captured by assessments based solely on booking data. The purpose of this thesis is to
formalise this distinction theoretically and to show that the resulting shortage is not a marginal statistical nuance but an
economically significant, measurable phenomenon.

LITERATURE REVIEW

P. Belobaba develops probabilistic seat-inventory models that explicitly separate observed bookings from the
underlying demand distribution in capacity-constrained transport services [ 1], establishing that booking data alone cannot
recover true demand once a service constrains sales. K. Talluri and G. van Ryzin formalise this distinction as the demand-
unconstraining problem within revenue-management theory [2], providing statistical methods to reconstruct latent demand
from censored sales records, though their treatment is developed for airline and hotel contexts rather than tariff-regulated
rail.

A. Kahn explains why tariff-regulated network operators cannot freely use price to clear excess demand [3], which is
precisely the institutional condition under which unconstraining becomes necessary: price cannot adjust, so the gap must
be measured rather than eliminated by the market. M. Wardman’s work on public transport demand valuation [4] supplies
the economic basis for converting a passenger shortfall into a monetary loss estimate, but does not itself address how the
shortfall should be estimated in the first place.

Consequently, the seat-inventory and revenue-management literature explains how to reconstruct latent demand
from censored records, while the regulation and valuation literature explains why such reconstruction is institutionally
necessary and how to price its consequence — yet the two have not been jointly applied to a tariff-regulated rail passenger
service. This thesis closes that gap with an empirical application.
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RESEARCH METHODS

Latent demand was reconstructed from observed weekly seating capacity using a booking-access coefficient (Kacc),
calibrated to each route’s service frequency (ranging from 0.50 for a single weekly departure to 0.65 for daily service), on
the premise that lower frequency restricts the share of true demand able to convert into an observed booking:

Q
Qu=——

0

where Q, is the observed weekly capacity and Q, is the reconstructed latent demand. The shortage coefficient,
expressing the share of latent demand left unaccommodated, was then computed as:

Kt=Qd_QC

Qa
(2)

The resulting shortage volume was converted into a monetary loss estimate using the applicable economy-class fare
for each route, yielding a weekly economic loss figure comparable across routes of different lengths, frequencies, and tariff
levels.

ANALYSIS AND RESULTS

The comparison between observed capacity and reconstructed latent demand across the four routes is shown in Figure
1; the corresponding shortage coefficients and economic losses are summarised in Table 1.

200001 (oyeran shortage coefficient K, = 0.367 [ Observed capacity, Qc

Emm Estimated latent demand, Qq
17500 A

15000
12500 -

10000

Weekly seats

7500 -

5000 A

2500 A

Tashkent- Tashkent- Tashkent- Tashkent-
Bukhara Qarshi Shahrisabz Samarkand

Figure 1. Observed capacity versus reconstructed latent demand by route'

Table 1

Route-level shortage coefficients and weekly economic loss?
Route Capacity Qc Shortage Kt Weekly economic loss
Tashkent—Bukhara 11,726 0.361 3.38 bn UZS
Tashkent—Qarshi 3,432 0.380 0.89 bn UZS
Tashkent—Shahrisabz 572 0.500 0.29 bn UZS
Tashkent—Samarkand 4,004 0.350 0.67 bn UZS
Total / weighted average 19,734 0.367 5.23 bn UZS

Across all four routes, latent demand exceeds observed capacity by a wide margin, and the overall shortage coefficient
of 0.367 indicates that more than a third of willing passengers cannot be accommodated. The highest-frequency route,
Tashkent—Bukhara, accounts for the largest absolute loss despite its comparatively moderate shortage ratio, while the
lowest-frequency route, Tashkent—Shahrisabz, exhibits the highest shortage ratio of all — half of its latent demand goes
unmet.

The finding directly illustrates the unconstraining problem identified by P. Belobaba [1] and formalised by K. Talluri
and G. van Ryzin [2]: because the service sells out, observed bookings equal capacity by construction and therefore convey

1 Source: author’s calculations.
2 Source: author’s calculations.
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no information about how much demand exists beyond that ceiling. Absent the access-coefficient correction, an assessment
based solely on full occupancy across all four routes may suggest that observed demand has been fully accommodated,
even though additional latent demand may remain.

The relatively higher shortage observed on the lowest-frequency route is broadly consistent with A. Kahn’s regulatory
framework [3]. Within a regulated tariff environment, service frequency and available capacity can play an important role
in determining how effectively passenger demand is accommodated. Accordingly, routes with less frequent services may
exhibit higher estimated shortage ratios, particularly where booking opportunities are limited. This suggests that, alongside
tariff considerations, service frequency and capacity allocation may be important factors in improving the alignment
between available services and passenger demand.

The practical implication, following M. Wardman’s valuation logic [4], is that the reconstructed weekly foregone
ticket revenue of over five billion UZS represents potential revenue that neither a load-factor statistic nor a financial
report may fully reveal, since both are computed from the same capacity-constrained booking data that may limit the
visibility of latent demand. Capacity-planning decisions based on occupancy alone may therefore lead to insufficient
capacity allocation on routes where latent demand is relatively high.

CONCLUSION AND SUGGESTIONS

This thesis has shown that full occupancy in a capacity-constrained, tariff-regulated rail service does not necessarily
indicate that total passenger demand has been fully satisfied and may instead reflect the effects of capacity-constrained
measurement. The findings also demonstrate that latent demand can be reconstructed and its potential revenue implications
estimated quantitatively. Future research should extend the access-coefficient calibration using longitudinal booking-
pattern data and test its sensitivity across seasons and service classes.
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