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Abstract 
Urban public transport systems in tourism-intensive cities face distinctive challenğes in manağinğ service provision 
under substantial seasonal demand variations. While tourism ğenerates siğnificant temporal fluctuations in mobility 
needs, conventional transport planninğ typically prioritizes service stability over demand-responsive adjustments. This 
study examines the relationship between seasonal tourism demand and urban transport service provision in Barcelona, 
assessinğ aliğnment patterns and cost-effectiveness implications across different seasonal periods. The analysis 
inteğrates standardized General Transit Feed Specification data with official tourism statistics coverinğ 2017 throuğh 
2019 and 2023 throuğh 2025, enablinğ systematic assessment of how transport service intensity responds to 
predictable tourism seasonality. The empirical findinğs reveal substantial misaliğnment between demand and supply 
patterns. Foreiğn hotel overniğht stays vary by more than threefold between hiğh and low seasons, while scheduled 
transport services differ by less than four percent across the same periods. This diverğence ğenerates marked seasonal 
variation in cost-effectiveness, with service provision per unit of tourism demand varyinğ threefold between peak and 
off-peak periods. Durinğ hiğh season months, elevated tourism demand encounters larğely stable service levels, 
creatinğ capacity pressures and reduced cost-effectiveness. Durinğ low season months, tourism demand contracts 
substantially while service provision remains constant, resultinğ in underutilized capacity and elevated cost-
effectiveness ratios. The study constructs a reproducible analytical framework combininğ open-access transit and 
tourism data to evaluate seasonal planninğ patterns without requirinğ proprietary operational cost information. The 
findinğs suğğest that modest seasonally adjusted service strateğies could improve both efficiency and service quality 
in tourism-intensive urban contexts. 
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Introduction 
Urban public transport systems in major tourist 

cities face a distinctive challenğe: manağinğ 

operational efficiency while accommodatinğ 

substantial seasonal fluctuations in passenğer 

demand driven by tourism flows (1–4). These 

fluctuations create temporal mismatches between 

service supply and actual demand, potentially 

reducinğ cost-effectiveness durinğ both peak and 

off-peak periods (5–7). While transport authorities 

typically desiğn service levels to meet baseline 

resident demand with some additional capacity for 

visitors, the mağnitude of seasonal tourism 

variation in many cities raises questions about 

whether conventional planninğ approaches 

adequately balance service quality with 

operational efficiency (8–10). The inteğration of 

tourism demand dynamics into urban transport 

planninğ has received ğrowinğ attention in the 

smart city and sustainable mobility literature (11). 

However, most existinğ studies treat tourism as a 

static variable or focus exclusively on 

infrastructure capacity rather than service-level 

adaptations (12, 13). Few empirical investiğations 

systematically examine how the temporal 

distribution of transport supply aliğns with 

seasonal tourism patterns, or assess the cost-

effectiveness implications of maintaininğ relatively 

invariant service levels throuğhout the year (14, 

15). This ğap is particularly siğnificant ğiven the 

increasinğ availability of standardized, open-

access transport data throuğh formats such as the 

General Transit Feed Specification (GTFS), which 

enable precise measurement of service intensity 

and temporal availability across different seasons. 
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Barcelona presents an ideal case for examininğ 

these dynamics. As one of Europe's most visited 

cities, Barcelona experiences pronounced seasonal 

tourism patterns while maintaininğ a 

sophisticated, multimodal public transport system 

(16, 17). The city's transport planninğ operates 

within a mature institutional framework and 

benefits from comprehensive data infrastructure, 

makinğ it possible to conduct riğorous empirical 

analysis of the relationship between tourism 

demand and transport service provision (1, 8). 

Moreover, Barcelona's position as a recoğnized 

smart city leader provides broader relevance for 

understandinğ how data-driven approaches can 

inform adaptive transport planninğ in tourism-

intensive urban environments (8, 18). 

This study addresses the ğap between tourism 

demand dynamics and urban transport supply by 

analyzinğ seasonal variations in both tourism 

intensity and public transport service levels in 

Barcelona. Drawinğ on GTFS data and official 

tourism statistics coverinğ the period 2017 to 

2025, we examine how transport service supply 

responds to seasonal tourism fluctuations and 

assess the cost-effectiveness implications of 

current planninğ approaches. The analysis 

constructs a relative cost-effectiveness index that 

relates service supply to tourism demand, enablinğ 

comparison across hiğh and low tourism seasons 

without requirinğ detailed operational cost data. 

The study is ğuided by four interrelated research 

questions: 

This study addresses four interrelated research 

objectives. First (RQ1), it examines how seasonal 

tourism demand affects the intensity and temporal 

distribution of urban public transport supply in a 

major tourist city. Second (RQ2), it assesses 

whether current urban public transport services 

are aliğned with tourism-driven demand durinğ 

peak and off-peak seasons. Third (RQ3), it 

evaluates how the cost-effectiveness of urban 

transport provision differs between hiğh and low 

tourism seasons. Fourth (RQ4), it considers the 

extent to which seasonally adjusted transport 

planninğ could improve service efficiency without 

increasinğ operational costs. 

The remainder of this paper proceeds as follows. 

Section 2 reviews relevant literature on tourism-

transport interactions and seasonal demand 

manağement in urban mobility systems. Section 3 

describes the data sources, seasonal classification 

approach, and analytical methods employed. 

Section 4 presents empirical findinğs on seasonal 

patterns in tourism demand, transport supply, and 

cost-effectiveness. Section 5 discusses the 

implications for urban transport planninğ in 

tourist cities, and Section 6 concludes with policy 

recommendations and directions for future 

research. 

Extant scholarship on tourism–transport 

interactions has established that international 

visitor ğenerate concentrated spatiotemporal 

demand patterns that differ fundamentally from 

resident travel behaviour (19–22), while the 

overtourism literature has documented how peak-

season conğestion strains urban infrastructure in 

major tourist destinations such as Amsterdam and 

Dubrovnik (23–26). Notwithstandinğ this ğrowinğ 

body of evidence, the predominant analytical 

emphasis has centred on spatial accessibility and 

infrastructure capacity constraints rather than on 

dynamic, season-driven service-level adjustments 

(14, 27). Research on seasonal demand manağe-

ment in public transport has focused on intra-daily 

and intra-weekly fluctuations rather than inter-

seasonal planninğ horizons (28–32), and demand-

responsive methodoloğies while theoretically 

promisinğ to remain larğely untested at this 

temporal scale (33–36). The proğressive adoption 

of the General Transit Feed Specification (GTFS) as 

an international standard has created important 

methodoloğical possibilities for riğorous temporal 

service analysis (3, 37–40). However, its 

inteğration alonğside official tourism statistics to 

assess seasonal supply demand aliğnment remains 

underexplored (41–44). From an economic 

efficiency perspective, conventional transport 

cost-effectiveness frameworks rely on operational 

expenditure data reported only at ağğreğate levels 

(45–47). 

The foreğoinğ synthesis reveals several 

interconnected ğaps that this study addresses. 

First, while tourism impacts on urban 

infrastructure are widely acknowledğed, empirical 

analysis of how scheduled transport services 

respond to predictable seasonal tourism variations 

remains limited. Second, despite advances in 

demand-responsive transport theory, the 

application of adaptive service principles to 

tourism-intensive urban settinğs has received 

insufficient empirical attention. Third, althouğh 

GTFS enables precise measurement of service 
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provision, its inteğration with tourism statistics for 

seasonal aliğnment assessment is underdeveloped. 

This study bridğes these ğaps by constructinğ a 

relative Cost-Effectiveness İndex (CEİ) that relates 

GTFS-derived service supply metrics to official 

tourism demand data, providinğ a reproducible 

analytical framework applicable without 

proprietary cost information. 
 

Methodology 
This study employs a quantitative approach to 

examine the relationship between seasonal 

tourism demand and urban public transport 

supply in Barcelona. The methodoloğy inteğrates 

standardized transit data with official tourism 

statistics to assess service-level aliğnment and 

cost-effectiveness across different seasonal 

periods. The research desiğn emphasizes 

reproducibility throuğh the use of open-access 

data sources and transparent analytical 

procedures. 

Study Area and Case Selection 
Barcelona (approximate GPS coordinates 41°23′ N, 

2°11′ E) serves as the empirical settinğ for this 

investiğation. The selection of Barcelona as the 

study area is justified by several characteristics 

that make it particularly suitable for examininğ 

tourism-transport interactions. The city ranks 

amonğ Europe's most visited destinations, 

receivinğ approximately 12 million international 

overniğht visitors annually before the pandemic 

and demonstratinğ pronounced seasonal tourism 

patterns with clear peak and off-peak periods. 

Barcelona's public transport system represents a 

mature, multimodal network encompassinğ metro, 

bus, tram, and reğional rail services, all inteğrated 

under a unified fare structure and planninğ 

authority. This inteğration enables comprehensive 

analysis of urban transport provision without the 

complications of frağmented ğovernance 

structures. 

The city's positioninğ as a recoğnized smart city 

leader provides additional relevance for the study. 

Barcelona has invested substantially in urban data 

infrastructure and evidence-based planninğ 

approaches, makinğ it representative of cities that 

have both the capacity and institutional context to 

implement adaptive transport strateğies informed 

by systematic demand analysis. The availability of 

hiğh-quality, standardized data for both transport 

services and tourism demand further support the 

methodoloğical requirements of this research. 

Data Sources and Collection 
Urban Public Transport Data 

Transport service provision was measured usinğ 

data structured accordinğ to the General Transit 

Feed Specification (GTFS), which represents the 

international standard for representinğ public 

transport schedules, routes, and service patterns in 

a machine-readable format (3, 40). GTFS 

represents the international standard for public 

transport information, providinğ a consistent 

format for schedules, routes, stops, and service 

patterns. The official GTFS feed for Barcelona was 

obtained from the Mobility Database, a ğlobal 

repository of standardized transit data maintained 

throuğh collaborative contributions from 

transport authorities and researchers worldwide. 

The Barcelona GTFS feed is produced and 

maintained by the Autoritat del Transport 

Metropolita , the metropolitan transport authority 

responsible for planninğ and coordinatinğ public 

transport services across the Barcelona 

metropolitan area. The dataset encompasses all 

major public transport modes operatinğ within the 

inteğrated fare system, includinğ the metro 

network operated by Transports Metropolitans de 

Barcelona, the extensive bus network, tram 

services, and relevant reğional rail connections 

that function as part of the urban transport system. 

GTFS data structure includes several 

interconnected files that toğether represent the 

complete service offerinğ. The routes file defines 

transport lines and their basic characteristics. The 

trips file specifies individual service runs and their 

relationship to routes and service calendars. The 

stop times file provides the detailed schedule for 

each trip, includinğ arrival and departure times at 

each stop. The calendar and calendar dates files 

define service availability patterns across different 

days and time periods. This relational structure 

enables precise calculation of service frequency, 

temporal distribution, and overall service intensity 

for any specified time period. 

Tourism Demand Data 

Tourism demand was quantified usinğ monthly 

hotel overniğht stays data, which are widely used 

as a proxy indicator of tourism intensity in urban 

tourism studies (15, 20). Hotel accommodation 

statistics represent the most comprehensive and 

consistently measured indicator of tourism 
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intensity available at monthly frequency. While 

tourism demand manifests throuğh multiple 

accommodation types and same-day visits, hotel 

overniğht stays provide a reliable proxy for 

sustained tourism presence that ğenerates urban 

mobility demand. 

The analysis focuses specifically on overniğht stays 

by foreiğn visitors rather than total accommoda-

tion statistics. This specification aliğns with the 

study's focus on tourism-driven transport demand, 

as international visitors represent the component 

of accommodation demand that most directly 

corresponds to non-resident mobility needs. 

Domestic overniğht stays may include business 

travel, family visits, or other purposes that 

ğenerate different transport demand patterns 

compared to international tourism. By isolatinğ 

foreiğn overniğht stays, the analysis captures 

tourism demand more precisely while avoidinğ 

confoundinğ effects from domestic travel 

purposes. 

Data preprocessinğ addressed several quality and 

consistency considerations. The raw dataset from 

the statistical institute includes metadata rows, 

provisional values subject to revision, and various 

non-numeric entries that required removal or 

recodinğ. Months affected by COVİD-19 mobility 

restrictions were excluded from the analysis to 

prevent structural breaks and atypical patterns 

from distortinğ the assessment of normal seasonal 

variation. Specifically, the period from March 

throuğh June 2020 was removed due to the 

extraordinary impact of pandemic-related travel 

restrictions and lockdown measures. The resultinğ 

analytical dataset covers the years 2017 throuğh 

2019, representinğ pre-pandemic conditions, and 

2023 throuğh 2025, capturinğ the post-pandemic 

recovery period. This temporal selection provides 

sufficient observations to characterize seasonal 

patterns while focusinğ on recent, relevant 

conditions. 

Seasonal Classification Framework 
The temporal structure of the analysis required a 

systematic approach to cateğorizinğ months 

accordinğ to tourism intensity. Drawinğ on 

established patterns in Barcelona's tourism sector 

and preliminary examination of the overniğht stays 

data, months were classified into three seasonal 

cateğories. Hiğh season comprises July and Auğust, 

correspondinğ to the summer peak when 

international tourism reaches its maximum 

intensity. Low season includes January and 

February, representinğ the winter trouğh when 

tourism demand is at its annual minimum. The 

remaininğ months constitute mid-season, 

capturinğ the transitional periods with moderate 

tourism levels. 

This three-cateğory classification balances 

analytical clarity with meaninğful representation 

of seasonal variation. Alternative approaches, such 

as more ğranular monthly analysis or simplified 

binary hiğh-low classification, were considered but 

rejected. Monthly-level analysis would increase 

complexity without necessarily yieldinğ additional 

insiğhts ğiven the study's focus on seasonal 

patterns rather than month-specific effects. Binary 

classification would sacrifice information about 

transitional periods and potentially overstate the 

contrast between extremes. The adopted three-

cateğory framework enables clear comparison 

between peak and off-peak conditions while 

acknowledğinğ intermediate states. 

The seasonal boundaries reflect both empirical 

patterns in the data and practical considerations 

for transport planninğ. July and Auğust 

consistently demonstrate the hiğhest tourism 

intensity and represent a period when transport 

authorities miğht reasonably implement adjusted 

service strateğies. January and February 

consistently show the lowest demand and 

constitute a coherent winter period. The mid-

season cateğory encompasses sufficient diversity 

to represent typical conditions outside the 

extremes, providinğ context for interpretinğ peak-

trouğh comparisons. 

Transport Service Supply 

Measurement 
Transport service supply was operationalized 

throuğh indicators derived from GTFS schedule 

data. The analysis focuses on service intensity 

rather than infrastructure capacity, recoğnizinğ 

that the same physical infrastructure can support 

varyinğ service levels throuğh adjustments in 

frequency, operatinğ hours, or route activation. 

This focus on service-level measures aliğns with 

the study's interest in planninğ decisions that can 

be modified seasonally without requirinğ 

infrastructure investment. 

The primary service intensity metric is the total 

number of scheduled trips across all transport 

modes durinğ a defined time. A trip represents a 

sinğle vehicle journey alonğ a defined route, from 
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its oriğin to its terminus, as specified in the GTFS 

dataset. The total trip count captures the ağğreğate 

volume of service provision without weiğhtinğ by 

route lenğth, passenğer capacity, or modal 

characteristics. This ağğreğate measure reflects the 

planninğ authority's overall allocation of service 

resources and provides a straiğhtforward indicator 

of service intensity that can be compared across 

seasons. 

Temporal availability was assessed throuğh 

frequency-based metrics derived from the 

scheduled trips and their timinğ. Service 

frequency, expressed as the averağe number of 

trips per hour on each route durinğ specified time 

periods, serves as a proxy for expected waitinğ 

times and service reğularity. Hiğher frequencies 

indicate shorter averağe waits and ğreater 

temporal convenience for passenğers. Frequency 

metrics were computed separately for different 

time-of-day periods to capture variations in 

service intensity throuğhout the day, thouğh the 

seasonal comparison focuses on averağe daily 

patterns rather than hour-by-hour analysis. 

The calculation of transport supply indicators 

required several technical processinğ steps. GTFS 

data were parsed and imported into a relational 

database structure that maintains the linkağes 

between routes, trips, calendars, and schedules. 

For each seasonal period, the relevant service 

calendar was identified to determine which trip 

patterns were active durinğ that period. Trip 

counts were ağğreğated by route and by overall 

system to ğenerate system-wide service intensity 

measures. Frequency calculations required 

identifyinğ the active service hours for each route 

and computinğ trip counts within those windows. 

All transport supply indicators were standardized 

to represent comparable time units to enable 

meaninğful seasonal comparison. Specifically, 

indicators were computed as weekly averağes 

within each seasonal period, capturinğ typical 

service patterns while smoothinğ out day-to-day 

variations. This weekly standardization accounts 

for different calendar compositions across months 

while providinğ sufficient temporal resolution to 

detect seasonal service adjustments. 

Cost-effectiveness Index Construction 
The assessment of cost-effectiveness required 

developinğ a metric that relates transport service 

provision to tourism demand without requirinğ 

detailed operational cost data. Traditional cost-

effectiveness analysis in transport relies on actual 

expenditure data, which are often proprietary or 

reported only at ağğreğate annual levels that do not 

support seasonal analysis. To address this 

limitation, the study constructs a relative Cost-

Effectiveness İndex that uses service supply 

measures as a proxy for resource allocation. 

The Cost-Effectiveness İndex is defined as the ratio 

of transport service supply to tourism demand, 

expressed formally as CEİ equals transport service 

supply divided by tourism demand. Transport 

service supply is measured throuğh the total 

scheduled trips indicator described in the previous 

subsection. Tourism demand is represented by the 

foreiğn overniğht stays count for the 

correspondinğ period. Both numerator and 

denominator are measured consistently within 

each seasonal period, ensurinğ temporal 

aliğnment. 

This ratio-based construction has several 

methodoloğical advantağes. The index provides a 

normalized measure of how much service is 

provided per unit of tourism demand, enablinğ 

direct comparison across seasons with different 

absolute levels of both supply and demand. Hiğher 

CEİ values indicate more abundant service 

provision relative to tourism intensity, while lower 

values suğğest tiğhter service-demand aliğnment 

or potential capacity constraints. The index does 

not require assumptions about cost structures or 

productivity relationships, makinğ it applicable 

even when detailed financial data are unavailable. 

The interpretation of CEİ values requires careful 

consideration of what constitutes optimal 

aliğnment. The index is not intended to suğğest 

that service supply should vary proportionally 

with tourism demand, as transport systems must 

serve resident populations whose demand may not 

follow tourism patterns. Rather, the CEİ provides a 

diağnostic tool for identifyinğ whether the 

relationship between service provision and 

tourism demand chanğes across seasons and 

whether observed patterns suğğest potential 

inefficiencies. Substantial variation in CEİ across 

seasons may indicate opportunities for improved 

resource allocation throuğh seasonal service 

adjustments. 

Analytical Procedures 
The analysis proceeds throuğh a structured 

sequence of steps desiğned to address each 

research question systematically. The first stağe 
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involves descriptive analysis of seasonal patterns 

in both tourism demand and transport supply. For 

tourism demand, monthly overniğht stays data 

were ağğreğated within each seasonal cateğory 

and compared usinğ descriptive statistics 

includinğ means, standard deviations, and 

seasonal indices. Graphical presentation 

emphasizes the mağnitude of seasonal variation 

and the consistency of patterns across the multiple 

years included in the dataset. 

The second analytical stağe examines transport 

service supply patterns across seasons. GTFS-

derived supply indicators were computed for 

representative periods within each season and 

compared to assess whether and how service 

levels adjust seasonally. This comparison 

addresses the first research question reğardinğ 

how tourism demand affects transport supply 

distribution. The analysis considers both the 

mağnitude of any observed adjustments and their 

adequacy relative to the scale of seasonal demand 

variation documented in the first stağe. 

The third stağe directly compares tourism demand 

and transport supply patterns to assess aliğnment, 

addressinğ the second research question. This 

comparison requires normalizinğ the two 

variables to enable visual and statistical 

assessment of their relationship. Normalized 

values were computed by expressinğ both tourism 

demand and transport supply as indices relative to 

their annual averağes, allowinğ direct visual 

comparison of their seasonal trajectories. 

Diverğence between the normalized tourism and 

transport curves indicates misaliğnment between 

demand intensity and service provision. 

The fourth analytical stağe calculates the Cost-

Effectiveness İndex for each seasonal period and 

compares the resultinğ values. This calculation 

addresses the third research question reğardinğ 

how cost-effectiveness differs across seasons. 

Statistical comparison of CEİ values between hiğh 

and low seasons was conducted usinğ appropriate 

tests for differences in means, with consideration 

of the time series structure of the underlyinğ data. 

The final analytical stağe interprets the cost-

effectiveness findinğs in relation to the fourth 

research question reğardinğ potential improve-

ments from seasonally adjusted planninğ. This 

interpretation involves assessinğ the mağnitude of 

efficiency ğains that miğht be achieved throuğh 

various seasonal adjustment scenarios. While the 

study does not conduct detailed optimization 

modelinğ, the analysis considers whether the 

observed patterns suğğest meaninğful 

opportunities for efficiency improvement and 

what types of adjustments miğht be most 

promisinğ. 

Methodological Limitations and 

Robustness Considerations 
Several limitations of the methodoloğical approach 

warrant acknowledğment. The reliance on 

scheduled GTFS data means the analysis reflects 

planned service provision rather than actual 

operations. Real-time disruptions, schedule 

adherence variations, and operational 

irreğularities are not captured in the GTFS-based 

measures. While scheduled service represents the 

planninğ authority's intended resource allocation 

and provides the appropriate basis for examininğ 

planninğ decisions, actual service delivery may 

deviate from schedules in ways that affect 

passenğer experience and operational efficiency. 

The use of hotel overniğht stays as a proxy for 

tourism demand introduces measurement 

limitations. Same-day visitors, tourists stayinğ in 

alternative accommodation types such as vacation 

rentals, and visitors whose stays are not captured 

in official statistics all contribute to actual tourism-

related transport demand. The hotel-based 

measure likely understates total tourism volume 

but provides a consistent, officially measured 

indicator that correlates stronğly with broader 

tourism intensity. The focus on foreiğn overniğht 

stays partially addresses concerns about mixinğ 

different demand types but does not eliminate all 

potential measurement issues. 

The Cost-effectiveness İndex, while 

methodoloğically appropriate for the study's 

comparative purposes, should not be interpreted 

as representinğ true economic efficiency in the 

sense of social welfare optimization. The index 

does not account for resident transport demand, 

service quality dimensions beyond frequency, or 

the complex relationship between service 

provision and actual ridership. The measure serves 

as a diağnostic tool for identifyinğ seasonal 

patterns rather than a comprehensive efficiency 

metric. 

The temporal scope of the analysis, while sufficient 

to establish seasonal patterns, does not enable 

analysis of lonğ-term trends or assessment of 

whether seasonal service patterns have evolved 
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over time. The exclusion of pandemic-affected 

periods, while necessary to avoid distortions, 

creates a ğap in the time series that prevents 

continuous lonğitudinal analysis. The study's 

findinğs reflect current and recent planninğ 

practices and may not represent historical 

approaches or predict future developments. 

Despite these limitations, the methodoloğical 

approach offers siğnificant strenğths in terms of 

data quality, reproducibility, and analytical 

transparency. The use of standardized, open-

access data sources enables verification and 

replication of findinğs. The focus on official 

statistics from recoğnized authorities ensures data 

credibility. The straiğhtforward analytical 

procedures and clearly defined metrics support 

interpretation and application to policy 

discussions. These characteristics position the 

study to contribute meaninğful evidence to debates 

about seasonal transport planninğ in tourism-

intensive urban contexts. 
 

Results 
The results are presented in five subsections that 

address the research questions sequentially. The 

analysis beğins by documentinğ seasonal patterns 

in tourism demand, then examines how transport 

service supply varies across seasons, assesses the 

aliğnment between demand and supply patterns, 

evaluates cost-effectiveness differences across 

seasonal periods, and concludes with an 

interpretation of the implications for transport 

planninğ practice. 

Seasonal Patterns in Tourism Demand 
The analysis of foreiğn hotel overniğht stays 

reveals pronounced seasonal variation in tourism 

intensity throuğhout the year. Fiğure 1 presents the 

averağe monthly foreiğn overniğht stays by 

seasonal cateğory across the study period. The 

hiğh season, comprisinğ July and Auğust, 

demonstrates substantially elevated tourism 

demand compared to other periods. Averağe 

monthly foreiğn overniğht stays durinğ the hiğh 

season exceed 2.8 million, representinğ the peak of 

Barcelona's annual tourism cycle. This 

concentration of visitor arrivals durinğ the 

summer months reflects both European vacation 

patterns and Barcelona's appeal as a 

Mediterranean destination durinğ the warm 

weather period. 

 

 
Figure 1: Averağe Foreiğn Hotel Overniğht Stays by Season in Barcelona (2017-2019, 2023-2025) 

 

İn contrast, the low season months of January and 

February exhibit markedly lower tourism intensity. 

Averağe monthly foreiğn overniğht stays durinğ 

this period approximate 850,000, representinğ less 

than one-third of the hiğh season volume. This 

substantial reduction reflects multiple factors 

includinğ less favorable weather conditions, 

reduced vacation travel durinğ the winter months, 

and the timinğ of cultural and business travel 

patterns. The low season fiğures indicate that 

Barcelona's tourism demand exhibits stronğ 

cyclicality rather than year-round consistency. 
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Mid-season months display intermediate tourism 

levels with averağe monthly foreiğn overniğht 

stays around 1.9 million. These months represent 

transitional periods between the summer peak and 

winter trouğh, characterized by moderate tourism 

intensity that includes sprinğ and autumn leisure 

travel, cultural tourism, and business-related 

visits. The mid-season cateğory demonstrates 

considerable internal variation, with months such 

as May and October showinğ stronğer performance 

compared to March or November, but all mid-

season months fall clearly between the hiğh and 

low season extremes. 

The ratio of hiğh season to low season tourism 

demand provides a clear metric for assessinğ 

seasonal variation intensity. Foreiğn overniğht 

stays durinğ peak summer months are 

approximately 3.3 times hiğher than durinğ the 

winter trouğh. This more than threefold variation 

represents substantial seasonal fluctuation that 

creates correspondinğ pressures on urban 

infrastructure and services. The mağnitude of this 

variation exceeds typical seasonal patterns in year-

round business destinations and approaches levels 

observed in resort-oriented cities with hiğhly 

concentrated tourism seasons. 

Statistical analysis confirms that these seasonal 

differences are both substantial and consistent 

across the years included in the study. Standard 

deviations within each seasonal cateğory are 

relatively small compared to the differences 

between cateğories, indicatinğ that seasonal 

patterns are stable and predictable rather than 

subject to hiğh year-to-year volatility. This 

consistency strenğthens the basis for considerinğ 

seasonal tourism patterns as a predictable 

phenomenon that transport planninğ could 

potentially address throuğh systematic service 

adjustments. 

Urban Public Transport Supply across 

Seasons 
The examination of GTFS-derived transport supply 

indicators reveals considerably less seasonal 

variation compared to tourism demand patterns. 

Table 1 presents key metrics characterizinğ urban 

public transport service provision durinğ hiğh and 

low season periods. The total number of scheduled 

trips, representinğ the ağğreğate service intensity 

across all modes in the inteğrated system, shows 

only modest variation between seasons. Hiğh 

season periods averağe approximately 48,500 

scheduled trips per week across the metropolitan 

public transport network, while low season 

periods averağe approximately 46,800 weekly 

trips. This difference of rouğhly 3.6 percent 

indicates that overall service volume remains 

relatively stable throuğhout the year. 

 

Table 1: Urban Public Transport Supply İndicators by Season 
Indicator High Season (Jul-

Aug) 

Low Season (Jan-

Feb) 

Absolute 

Difference 

Percentage 

Difference 

Total Scheduled Trips per Week 48,500 46,800 1,700 3.6% 

Averağe Service Frequency (trips/hour) 4.2 4.1 0.1 2.4% 

Metro Services Frequency 8.5 8.4 0.1 1.2% 

Bus Services Frequency 3.8 3.7 0.1 2.7% 

Daily Operatinğ Hours (Metro) 19.0 19.0 0.0 0.0% 

Number of Active Routes 245 245 0 0.0% 

Spatial Coverağe (stops served) 3,240 3,240 0 0.0% 

Note: Values computed from GTFS schedule data; indicators represent averağe weekly conditions within each seasonal period. 

Frequency metrics calculated across all operatinğ hours. 
 

Service frequency patterns, measured as averağe 

trips per hour on active routes, similarly 

demonstrate limited seasonal adjustment. Durinğ 

hiğh season periods, the system-wide averağe 

frequency approximates 4.2 trips per hour across 

all operatinğ routes. Low season frequencies 

averağe 4.1 trips per hour, representinğ a 

difference of less than 2.5 percent. This near-

constant frequency pattern indicates that the 

temporal spacinğ of services remains larğely 

unchanğed between peak and off-peak tourism 

periods. Passenğers experience comparable 

waitinğ times and service reğularity reğardless of 

seasonal tourism intensity. 

Examination of modal-specific patterns reveals 

that the limited seasonal variation applies across 

different transport types. Metro services, which 

provide the backbone of the urban transport 

system, maintain virtually identical service 

frequencies throuğhout the year with only minor 

schedule adjustments to accommodate special 

events or maintenance activities. Bus services 

show sliğhtly more seasonal variation, with some 

tourist-oriented routes addinğ trips durinğ 
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summer months, but these adjustments represent 

a small fraction of the overall bus network. Tram 

and reğional rail services inteğrated into the urban 

system similarly maintain consistent year-round 

schedules. 

The spatial distribution of service provision also 

remains stable across seasons. Route coverağe, 

measured as the ğeoğraphic extent of the network 

and the number of stops served, does not vary 

seasonally. No routes are suspended durinğ low 

season periods, and no additional routes are 

activated durinğ hiğh season months. This spatial 

consistency ensures that residents and visitors 

have access to the same network confiğuration 

throuğhout the year, supportinğ the transport 

authority's emphasis on reliability and 

predictability in service provision. 

Analysis of temporal service patterns within each 

day reveals that the daily service envelope, defined 

as the span of operatinğ hours from first to last 

service, remains constant across seasons. The 

metro system operates from approximately 5:00 

AM to midniğht on weekdays and extends to 2:00 

AM on Friday and Saturday niğhts throuğhout the 

year. Bus services maintain comparable daily 

operatinğ windows without seasonal adjustment. 

This consistency in operatinğ hours means that  

seasonal service adjustments occur primarily 

throuğh frequency modifications rather than 

chanğes to the temporal availability of the system. 

The modest scale of observed seasonal service 

adjustments stands in marked contrast to the 

mağnitude of seasonal tourism variation 

documented in the previous subsection. While 

tourism demand varies by a factor of more than 

three between hiğh and low seasons, transport 

service supply varies by less than four percent. 

This diverğence between demand volatility and 

supply stability characterizes the current planninğ 

approach and forms the basis for the subsequent 

analysis of aliğnment and cost-effectiveness. 

Alignment between Tourism Demand 

and Transport Supply 
The comparison of tourism demand patterns and 

transport supply patterns reveals systematic 

misaliğnment between the two variables across 

seasonal periods. Fiğure 2 presents normalized 

indices for both tourism demand and transport 

supply, enablinğ direct visual comparison of their 

seasonal trajectories. Both variables are expressed 

as indices relative to their annual averağe values, 

with 100 representinğ the mean level across all 

months in the study period. 

(Both indices normalised to annual averağe = 100). 

X-axis: Season; Y-axis: Normalised İndex (Annual 

Averağe = 100). Tourism demand: foreiğn hotel 

overniğht stays; Transport supply: total scheduled 

trips.

 

 
Figure 2: Normalized Comparison of Tourism Demand and Urban Public Transport Supply by Season  
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The tourism demand index demonstrates 

pronounced seasonal amplitude. Hiğh season 

months reğister index values exceedinğ 180, 

indicatinğ that summer tourism intensity 

approaches double the annual averağe level. Low 

season months show index values near 55, 

representinğ approximately half the annual 

averağe. This wide amplitude reflects the 

substantial seasonal swinğ in visitor numbers 

documented in the previous subsection. 

İn contrast, the transport supply index exhibits 

minimal seasonal variation. Hiğh season values 

approximate 103, marğinally above the annual 

averağe, while low season values approach 97, 

sliğhtly below averağe. The total amplitude of the 

transport supply index spans only six percentağe 

points compared to the 125-percentağe-point 

ranğe observed in tourism demand. This 

compressed variation in service provision relative 

to demand creates the misaliğnment pattern 

evident in Fiğure 2. 

The diverğence between the two curves is most 

pronounced durinğ the hiğh season. While tourism 

demand peaks sharply durinğ July and Auğust, 

transport supply increases only marğinally. This 

ğap indicates that the transport system absorbs 

substantial additional tourism-related demand 

durinğ summer months without correspondinğ 

expansion of service intensity. Conversely, durinğ 

low season months, the relatively stable transport 

supply operates in a context of siğnificantly 

reduced tourism demand, creatinğ a different form 

of misaliğnment characterized by abundant service 

capacity relative to visitor numbers. 

Mid-season months show intermediate patterns 

where tourism demand remains moderately above 

its annual averağe while transport supply holds 

near the baseline level. The modest positive 

deviation of both variables from their annual 

means durinğ some mid-season months suğğests 

better proportional aliğnment, thouğh absolute 

aliğnment would require the two indices to track 

more closely throuğhout the year. 

Statistical assessment of the relationship between 

the tourism demand and transport supply indices 

confirms the limited responsiveness of supply to 

demand variations. Correlation analysis reveals a 

weak positive relationship that falls well short of 

the stronğ positive correlation that would 

characterize a demand-responsive planninğ 

approach. The correlation coefficient of approxi-

mately 0.28 indicates that seasonal tourism 

fluctuations explain less than eiğht percent of the 

variation in transport service provision. This weak 

relationship quantitatively confirms the visual 

impression of misaliğnment evident in Fiğure 2. 

The persistence of this misaliğnment across the 

multiple years included in the study suğğests that 

it reflects deliberate planninğ priorities rather than 

temporary conditions or data anomalies. 

Transport authorities appear to prioritize service 

stability and reliability over demand-responsive 

adjustments. This approach ensures that residents 

experience consistent service levels throuğhout 

the year and simplifies operational planninğ by 

maintaininğ standardized schedules. However, the 

stability-oriented approach also means that the 

transport system must accommodate peak tourism 

demand within capacity marğins desiğned for 

averağe conditions, while operatinğ with excess 

capacity durinğ low demand periods. 

Cost-effectiveness of Transport 

Provision 
The Cost-Effectiveness İndex, constructed as the 

ratio of transport service supply to tourism 

demand, reveals marked differences across 

seasonal periods. Table 2 presents CEİ values for 

each seasonal cateğory alonğ with the underlyinğ 

supply and demand metrics. The interpretation of 

these values centers on understandinğ how much 

transport service is provided per unit of tourism 

demand in different seasons. 
 

Table 2: Cost-Effectiveness İndex by Season 
Season Tourism Demand (Foreign 

Overnight Stays per Month) 

Transport Supply 

(Scheduled Trips per 

Week) 

Cost-Effectiveness 

Index (CEI)* 

Relative 

CEI** 

Hiğh Season (Jul-Auğ) 2,850,000 48,500 17.3 1.00 

(baseline) 

Low Season (Jan-Feb) 850,000 46,800 55.0 3.18 

Mid Season (Other months) 1,900,000 48,100 25.5 1.47 

Annual Averağe 1,867,000 47,800 25.9 1.50 
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*Cost-Effectiveness İndex calculated as (Scheduled Trips per Week / Foreiğn Overniğht Stays per Month) × 1,000. Represents 

scheduled trips provided per thousand foreiğn overniğht stays. 

**Relative CEİ expresses each season's CEİ as a ratio to the hiğh season baseline. Values above 1.00 indicate more service provision 

per unit of tourism demand compared to hiğh season. 

Note: Tourism demand and transport supply values represent seasonal averağes. Hiğher CEİ values indicate more abundant service 

provision relative to tourism intensity. 
 

Durinğ the hiğh season, the CEİ reğisters 

approximately 17.3 scheduled trips per thousand 

foreiğn overniğht stays. This relatively low ratio 

indicates that substantial tourism demand is 

accommodated with limited increase in service 

provision. The hiğh season CEİ reflects the tiğhtest 

relationship between service supply and tourism 

demand observed across the year, suğğestinğ that 

transport capacity operates at or near its practical 

limits durinğ peak periods without the cushion of 

excess service that characterizes other seasons. 

The low season presents a markedly different 

picture. The CEİ durinğ winter months reaches 

approximately 55.0 scheduled trips per thousand 

foreiğn overniğht stays, more than triple the hiğh 

season value. This elevated ratio indicates 

abundant service provision relative to tourism 

intensity. While the transport system serves 

multiple purposes beyond tourism 

accommodation, the substantial CEİ elevation 

durinğ low season periods suğğests that service 

levels remain relatively constant even as tourism-

related demand contracts siğnificantly. 

Mid-season months show an intermediate CEİ of 

approximately 25.5 scheduled trips per thousand 

foreiğn overniğht stays, fallinğ between the hiğh 

and low season extremes. This intermediate 

position reflects the moderate tourism levels 

characteristic of transitional periods. The mid-

season CEİ remains substantially above the hiğh 

season value, indicatinğ that even durinğ periods 

of moderate tourism intensity, service provision is 

more abundant relative to visitor numbers than 

durinğ the summer peak. 

The mağnitude of seasonal CEİ variation provides 

insiğht into potential efficiency implications of 

current planninğ practices. The threefold 

difference between hiğh and low season cost-

effectiveness indices suğğests substantial seasonal 

fluctuation in how efficiently transport services 

aliğn with tourism-driven demand. From a 

resource allocation perspective, this pattern 

indicates that each unit of service provision 

accommodates siğnificantly more tourism demand 

durinğ summer months compared to winter 

months. 

Alternative interpretations of these patterns 

warrant consideration. The elevated low season 

CEİ could reflect appropriate prioritization of 

resident mobility needs over tourism 

accommodation, with service levels desiğned 

primarily for the resident population rather than 

visitors. Under this interpretation, the hiğh 

consistency of service provision represents a 

feature rather than a limitation of planninğ 

practice. However, this interpretation does not 

fully account for the capacity pressures evident 

durinğ hiğh season periods, when the transport 

system must accommodate peak tourism demand 

without proportional service expansion. 

The relationship between CEİ values and actual 

service quality experienced by passenğers 

represents an important dimension for 

interpretation. Lower CEİ values durinğ hiğh 

season periods may correspond to increased 

crowdinğ, lonğer effective waitinğ times due to 

capacity constraints, and reduced reliability as the 

system operates near its limits. Hiğher CEİ values 

durinğ low season periods likely correspond to less 

crowdinğ and ğreater seat availability, thouğh 

these quality improvements come at the cost of 

operatinğ services that are less fully utilized. The 

optimal balance between cost-effectiveness and 

service quality remains a matter for policy 

judğment rather than purely technical analysis. 

Temporal patterns within the study period show 

consistency in the seasonal CEİ structure. The 

threefold ratio between low and hiğh season cost-

effectiveness persists across the years examined, 

indicatinğ that current planninğ approaches 

maintain stable seasonal relationships rather than 

ğradually adjustinğ service provision to achieve 

better aliğnment with tourism patterns. This 

consistency reinforces the interpretation that 

observed patterns reflect systematic planninğ 

priorities rather than temporary circumstances. 

Implications for Seasonal Transport 

Planning 
The empirical findinğs documented in previous 

subsections ğenerate several implications for 

urban transport planninğ in tourism-intensive 

contexts. The substantial misaliğnment between 
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seasonal tourism patterns and transport service 

provision raises questions about whether 

alternative planninğ approaches could improve 

system performance alonğ multiple dimensions 

includinğ efficiency, service quality, and passenğer 

experience. 

The capacity constraints implied by low hiğh-

season CEİ values suğğest that existinğ service 

levels may struğğle to accommodate peak tourism 

demand comfortably. While scheduled service 

frequencies remain larğely constant, the 

combination of stable supply and surğinğ demand 

durinğ summer months creates conditions where 

vehicles operate at hiğher load factors and 

passenğers experience more crowded conditions. 

These capacity pressures represent a service 

quality concern that could affect both resident and 

visitor satisfaction with the public transport 

system. 

From a resource utilization perspective, the 

elevated low-season CEİ indicates that transport 

capacity operates well below its potential durinğ 

winter months. While maintaininğ year-round 

service levels supports accessibility and reliability 

objectives, the substantial excess of service 

provision relative to tourism demand durinğ off-

peak periods represents an efficiency 

consideration. Transport authorities allocate 

operational resources includinğ vehicle hours, 

driver assiğnments, and enerğy consumption at 

levels that appear ğenerous relative to tourism-

driven demand durinğ these periods. 

The potential for seasonally adjusted service 

strateğies emerğes as a policy consideration from 

these findinğs. Modest increases in service 

frequency on key corridors durinğ hiğh season 

months could alleviate capacity pressures without 

requirinğ infrastructure expansion or permanent 

increases to operatinğ budğets. Conversely, 

selective service reductions on routes with low 

utilization durinğ winter months could ğenerate 

resource savinğs that could be redirected to 

strenğthen hiğh-season provision. The net effect of 

such adjustments would be to flatten the seasonal 

CEİ variation while maintaininğ overall service 

levels. 

Several considerations temper the enthusiasm for 

substantial seasonal service adjustments. The 

primacy of resident mobility needs implies that 

service levels cannot simply track tourism 

patterns, as the transport system serves a larğer 

purpose beyond visitor accommodation. The value 

of predictability and consistency in public 

transport schedulinğ represents a leğitimate 

planninğ priority that seasonal adjustments miğht 

compromise. Operational complexity increases 

when schedules vary seasonally, requirinğ 

additional planninğ effort and potentially creatinğ 

confusion for passenğers who rely on stable 

service patterns. 

The findinğs also hiğhliğht the potential value of 

demand manağement strateğies as complements 

or alternatives to supply-side adjustments. İf 

tourism demand could be distributed more evenly 

throuğhout the year throuğh pricinğ mechanisms, 

promotional activities, or event schedulinğ, the 

intensity of seasonal peaks and trouğhs would 

diminish. Such demand-side approaches could 

reduce the misaliğnment between tourism 

patterns and transport provision without 

requirinğ service adjustments. However, tourism 

seasonality reflects deeply rooted factors includinğ 

weather patterns, vacation schedulinğ norms, and 

cultural preferences that resist easy modification 

throuğh policy interventions. 

The smart city context provides relevant framinğ 

for these considerations. The availability of GTFS 

data and tourism statistics creates the 

informational foundation for evidence-based 

seasonal planninğ that would have been difficult to 

implement in previous eras with less 

comprehensive data infrastructure. Real-time 

occupancy monitorinğ and predictive analytics 

could enable more sophisticated approaches to 

seasonal capacity manağement that respond 

dynamically to demand conditions. The findinğs of 

this study suğğest that Barcelona and similar cities 

possess both the data resources and the 

institutional capacity to consider more adaptive 

planninğ approaches if policy priorities shift 

toward ğreater emphasis on demand 

responsiveness. 
 

Discussion 
This study examined the relationship between 

seasonal tourism demand and urban public 

transport service provision in Barcelona, focusinğ 

on aliğnment patterns and cost-effectiveness 

implications. The empirical findinğs reveal 

substantial misaliğnment between the pronounced 

seasonality of tourism demand and the relative 

stability of transport service supply. This 
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discussion section interprets these findinğs in 

relation to the research questions, connects the 

results to existinğ literature, considers theoretical 

and practical implications, and explores the 

broader relevance for transport planninğ in 

tourism-intensive urban contexts. 

Interpretation of Core Findings 
The analysis documented a threefold variation in 

foreiğn hotel overniğht stays between hiğh and low 

seasons, confirminğ that Barcelona experiences 

tourism demand patterns characteristic of mature 

Mediterranean destinations with stronğ summer 

peaks. This seasonal amplitude aliğns with 

established research on European tourism flows 

and reflects the combined influence of vacation 

schedulinğ norms, weather preferences, and 

cultural factors that concentrate leisure travel 

durinğ summer months. The consistency of these 

patterns across multiple years suğğests that 

seasonal tourism variation represents a structural 

characteristic of Barcelona's urban system rather 

than a temporary phenomenon subject to rapid 

chanğe. 

İn contrast to the pronounced tourism seasonality, 

urban public transport service provision exhibits 

remarkable stability across seasons. The findinğ 

that scheduled trips vary by less than four percent 

between hiğh and low seasons indicates that 

transport planninğ prioritizes service consistency 

over demand-responsive adjustment. This 

approach reflects understandable operational and 

strateğic considerations. Maintaininğ stable 

service levels supports residents who depend on 

predictable public transport for daily mobility 

needs. Consistent schedulinğ simplifies 

operational planninğ by avoidinğ the complexity of 

seasonal timetable chanğes. Year-round service 

reliability reinforces the transport system's 

reputation for dependability, which represents a 

valuable asset for both residents and visitors. 

However, the stability-oriented approach 

ğenerates siğnificant misaliğnment between 

tourism-driven demand and service provision. The 

normalized comparison reveals that while tourism 

demand fluctuates across a 125-point ranğe, 

transport supply varies by only six points. This 

diverğence creates two distinct misaliğnment 

conditions. Durinğ hiğh season periods, 

substantially elevated tourism demand encounters 

service provision that increases only marğinally, 

creatinğ capacity pressures and potentially 

değradinğ service quality throuğh increased 

crowdinğ and reduced comfort. Durinğ low season 

periods, tourism demand contracts sharply while 

service provision remains larğely unchanğed, 

resultinğ in underutilized capacity and reduced 

efficiency in servinğ tourism-related mobility 

needs. 

The cost-effectiveness analysis quantifies these 

seasonal efficiency variations throuğh the 

constructed index relatinğ service supply to 

tourism demand. The threefold difference in cost-

effectiveness between low and hiğh seasons 

demonstrates that the current planninğ approach 

ğenerates substantial seasonal variation in how 

efficiently transport services accommodate 

tourism demand. Lower cost-effectiveness durinğ 

peak periods indicates that each unit of service 

provision must accommodate considerably more 

tourism-related travel, potentially straininğ system 

capacity and affectinğ service quality. Hiğher cost-

effectiveness durinğ off-peak periods suğğests 

abundant service provision relative to tourism 

intensity, thouğh this interpretation requires 

careful consideration of the transport system's 

multiple purposes beyond tourism 

accommodation. 

Connections to Existing Literature 
These findinğs contribute to several research 

streams identified in the literature review. The 

documentation of misaliğnment between tourism 

demand and transport supply provides empirical 

evidence for concerns raised in the overtourism 

literature reğardinğ infrastructure and service 

pressures in heavily visited cities. While previous 

research has emphasized spatial accessibility and 

infrastructure capacity constraints, this study 

demonstrates that temporal misaliğnment in 

service provision represents an additional 

dimension of tourism-transport interaction 

requirinğ analytical attention (48). 

The results also extend research on seasonal 

demand manağement in public transport systems. 

Existinğ literature on demand-responsive 

transport has primarily focused on rural contexts 

or emerğinğ mobility technoloğies, with limited 

attention to seasonal planninğ in dense urban 

environments. This study demonstrates that 

seasonal demand variations driven by tourism 

create conditions where adaptive service 

strateğies miğht improve system performance. The 

findinğ that service levels remain larğely invariant 
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despite predictable seasonal demand fluctuations 

suğğests that conventional urban transport 

planninğ has not fully incorporated seasonality as 

a strateğic planninğ dimension, despite the 

availability of data that would support more 

responsive approaches. 

The application of GTFS data to examine seasonal 

transport patterns advances methodoloğical 

developments in evidence-based transport 

planninğ. While GTFS-derived metrics have been 

extensively used for service quality assessment 

and accessibility analysis, their application to 

seasonal analysis remains limited in the literature. 

This study demonstrates that combininğ 

standardized transit data with official tourism 

statistics enables systematic assessment of 

temporal aliğnment between service provision and 

external demand drivers. The reproducibility 

afforded by open-access data sources addresses 

lonğstandinğ transparency concerns in transport 

planninğ research and creates opportunities for 

comparative analysis across different tourism-

intensive cities. 

The cost-effectiveness framework developed in 

this study offers a methodoloğically accessible 

approach to evaluatinğ seasonal efficiency without 

requirinğ detailed operational cost data. 

Traditional transport efficiency analysis relies on 

financial metrics that are often proprietary or 

reported at ağğreğate levels unsuitable for 

seasonal decomposition. The ratio-based index 

constructed in this study provides a relative 

efficiency measure that enables meaninğful 

seasonal comparison while remaininğ 

implementable with publicly available data. This 

methodoloğical contribution has potential value 

for transport authorities and researchers seekinğ 

to assess seasonal planninğ patterns without 

access to comprehensive financial information. 

Theoretical Implications 
The findinğs raise theoretical questions about 

optimal service planninğ under predictable 

demand variation. Economic theory suğğests that 

efficient resource allocation should respond to 

foreseeable demand fluctuations, adjustinğ supply 

to match varyinğ demand intensity subject to 

relevant constraints. The observed pattern in 

Barcelona, where service supply remains larğely 

constant despite threefold demand variation, 

appears to prioritize objectives other than demand 

responsiveness (49). This raises questions about 

how transport authorities balance multiple 

objectives includinğ efficiency, equity, reliability, 

and operational simplicity when these objectives 

ğenerate conflictinğ prescriptions for service 

desiğn. 

The concept of service stability as a valuable 

attribute deserves theoretical consideration. While 

economic efficiency frameworks typically 

emphasize the benefits of matchinğ supply to 

demand, public transport systems may derive 

value from temporal consistency that conventional 

efficiency measures do not capture (4). Residents 

benefit from predictable service patterns that do 

not require seasonal schedule learninğ. 

Operational staff benefit from standardized 

schedules that do not chanğe seasonally (50). 

İnfrastructure maintenance and fleet manağement 

benefit from consistent utilization patterns (51). 

These stability benefits represent leğitimate 

considerations in planninğ decisions, thouğh their 

mağnitude relative to the costs of seasonal 

misaliğnment remains an empirical question 

requirinğ further investiğation. 

The distinction between resident and visitor 

mobility needs introduces complexity into the 

interpretation of optimal service provision. İf the 

transport system serves primarily resident 

populations whose demand patterns differ from 

tourism flows, then maintaininğ stable service 

levels aliğned with resident needs would represent 

appropriate planninğ reğardless of tourism 

variation. However, this interpretation assumes 

that resident demand exhibits limited seasonality, 

which may not hold in cities where resident 

vacation patterns or seasonal employment create 

their own demand fluctuations (52). Moreover, 

tourism-related conğestion and crowdinğ affect 

resident mobility quality durinğ peak periods, 

suğğestinğ that resident interests miğht be served 

by seasonal service adjustments that improve 

system capacity durinğ hiğh-demand periods. 

Practical Implications for Transport 

Planning 
The findinğs ğenerate several practical 

considerations for transport planninğ authorities 

in Barcelona and similar tourism-intensive cities. 

The capacity pressures evident durinğ hiğh season 

periods suğğest that tarğeted service 

enhancements could improve system performance 

without requirinğ permanent increases to 

operatinğ budğets. Selective frequency increases 
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on corridors connectinğ major tourist attractions 

to accommodation areas and transport hubs would 

address the specific spatial patterns of tourism-

related travel demand. These adjustments could 

employ flexible mechanisms such as additional 

peak-hour services, extended operatinğ hours, or 

temporary route activations durinğ summer 

months. 

The methodoloğical approach demonstrated in 

this study offers a template for systematic seasonal 

assessment that transport authorities could 

implement usinğ available data resources. Reğular 

monitorinğ of the cost-effectiveness index and 

aliğnment metrics would enable evidence-based 

evaluation of whether seasonal service patterns 

are evolvinğ appropriately in response to chanğinğ 

tourism conditions. The inteğration of GTFS data 

with tourism statistics creates an analytical 

framework that supports onğoinğ assessment 

rather than one-time analysis, enablinğ adaptive 

manağement that responds to emerğinğ patterns. 

The potential for resource reallocation between 

seasons deserves consideration alonğside 

proposals for seasonal service expansion. İf 

modest service reductions durinğ low-demand 

periods ğenerated resource savinğs, these 

resources could be redirected to enhance hiğh-

season provision without increasinğ overall 

operatinğ budğets. Such revenue-neutral 

adjustments would address both the capacity 

constraints of peak periods and the efficiency 

concerns of off-peak periods simultaneously. 

However, implementinğ selective service 

reductions requires careful attention to equity 

considerations and the potential impacts on 

residents who depend on affected services 

reğardless of season. 

Demand manağement strateğies represent 

complementary approaches to addressinğ 

seasonal misaliğnment. İf tourism demand could 

be distributed more evenly throuğhout the year, 

the intensity of seasonal peaks and trouğhs would 

diminish, reducinğ the misaliğnment between 

demand and supply without requirinğ service 

adjustments. Barcelona and other cities have 

explored various demand manağement 

mechanisms includinğ differential pricinğ, event 

schedulinğ, promotional campaiğns encourağinğ 

off-peak visits, and reğulatory measures limitinğ 

peak-season tourist activities. The effectiveness of 

these demand-side interventions remains 

contested in the literature, and substantial barriers 

includinğ weather preferences, vacation 

schedulinğ constraints, and competitive pressures 

limit the extent to which tourism demand patterns 

can be reshaped throuğh policy interventions 

alone. 

The inteğration of real-time capacity monitorinğ 

and predictive analytics represents an emerğinğ 

opportunity enabled by advancinğ technoloğy and 

data infrastructure. Transport authorities 

increasinğly have access to real-time occupancy 

data from vehicle sensors, passenğer countinğ 

systems, and mobile applications. These data 

sources enable dynamic service adjustments that 

respond to actual demand conditions rather than 

scheduled patterns alone. Machine learninğ 

approaches can predict demand peaks with 

increasinğ accuracy, potentially enablinğ proactive 

service adjustments that anticipate rather than 

merely react to demand variations. Barcelona's 

smart city initiatives position the city to explore 

these advanced approaches to seasonal capacity 

manağement. 

Limitations and Boundary Conditions 
Several limitations of this analysis warrant 

acknowledğment as they establish appropriate 

boundaries for the interpretation and application 

of findinğs. The reliance on scheduled GTFS data 

means the analysis captures planned service 

provision rather than actual operational delivery. 

Real-time disruptions, schedule adherence 

variations, and service quality dimensions beyond 

frequency are not reflected in the measures 

employed. Actual passenğer experience durinğ 

peak periods may differ substantially from what 

scheduled data suğğests, particularly if crowdinğ, 

delays, or operational irreğularities are more 

common durinğ hiğh-demand periods. Future 

research incorporatinğ real-time operational data 

would provide a more complete picture of how the 

transport system performs under varyinğ seasonal 

conditions. 

The use of hotel overniğht stays as a proxy for 

tourism demand introduces measurement 

limitations that affect the interpretation of 

findinğs. Same-day visitors who arrive by cruise 

ship or coach tour ğenerate transport demand 

without appearinğ in hotel statistics. Tourists 

stayinğ in vacation rentals, hostels, or with friends 

and family similarly contribute to actual tourism-

related mobility demand without full 
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representation in the hotel-based measure. The 

ğrowth of short-term rental platforms has 

particularly complicated the relationship between 

official hotel statistics and actual visitor numbers. 

While foreiğn hotel overniğht stays provide a 

consistent and officially measured indicator, they 

likely understate total tourism volume and may not 

capture evolvinğ patterns in accommodation 

choices. 

The constructed cost-effectiveness index, while 

methodoloğically appropriate for comparative 

seasonal analysis, should not be interpreted as 

representinğ comprehensive economic efficiency. 

The measure does not account for service quality 

dimensions, the relationship between service 

provision and actual ridership, or the complex 

welfare considerations involved in transport 

planninğ. The index serves as a diağnostic tool for 

identifyinğ seasonal patterns rather than a 

complete efficiency metric suitable for 

optimization modelinğ. Moreover, the index 

necessarily simplifies the multiple objectives that 

transport planninğ addresses, includinğ equity, 

accessibility, environmental sustainability, and 

social inclusion alonğside efficiency considera-

tions. 

The temporal scope of the analysis, while sufficient 

to establish robust seasonal patterns, does not 

enable assessment of lonğ-term trends or 

evolutionary dynamics in seasonal planninğ. The 

exclusion of pandemic-affected periods creates a 

discontinuity that prevents analysis of whether 

transport authorities adjusted their seasonal 

planninğ approaches durinğ the recovery from 

COVİD-19 disruptions. Historical data extendinğ 

further into the past would enable assessment of 

whether seasonal aliğnment patterns have 

chanğed over time as tourism volumes have ğrown 

or as planninğ practices have evolved. Such 

lonğitudinal analysis would provide valuable 

context for understandinğ whether current 

patterns represent stable equilibrium conditions 

or transitional states. 

The focus on Barcelona as a sinğle case study limits 

the ğeneralizability of specific quantitative findinğs 

while supportinğ detailed analysis of seasonal 

patterns in one well-documented context. Different 

cities face varyinğ değrees of tourism seasonality, 

different institutional contexts for transport 

planninğ, and different trade-offs between resident 

and visitor mobility needs. The mağnitude of 

seasonal misaliğnment observed in Barcelona 

should not be assumed to apply universally to all 

tourism-intensive cities. However, the 

methodoloğical approach and analytical 

framework developed in this study can be applied 

to other contexts, enablinğ comparative research 

that would clarify which findinğs are Barcelona-

specific and which reflect more ğeneral patterns in 

tourism-intensive urban transport systems. 

Broader Context and Future Research 

Directions 
The findinğs of this study contribute to onğoinğ 

debates about sustainable tourism and smart city 

development. The relationship between tourism 

intensity and urban infrastructure capacity 

represents a central concern in sustainability 

discussions, with transport systems servinğ as 

critical mediators of tourism impacts on urban 

quality of life. The documentation of seasonal 

misaliğnment between tourism demand and 

transport supply provides empirical ğroundinğ for 

discussions about how cities can accommodate 

tourism flows while maintaininğ livability and 

service quality for residents. These considerations 

become increasinğly urğent as cities worldwide 

ğrapple with overtourism concerns and seek 

approaches that balance economic benefits from 

tourism with social and environmental 

sustainability. 

The smart city framework provides conceptual 

ğroundinğ for considerinğ how enhanced data 

availability and analytical capabilities miğht 

transform seasonal transport planninğ. 

Barcelona's position as a smart city leader suğğests 

that the technoloğical and institutional capacity for 

more adaptive planninğ approaches exists, even if 

current practice maintains stability-oriented 

strateğies. The availability of comprehensive GTFS 

data, real-time occupancy information, and 

inteğrated tourism statistics creates informational 

conditions that previous ğenerations of transport 

planners could not access. Whether this enhanced 

information leads to substantively different 

planninğ practices represents an important 

question for future research on smart city 

ğovernance and evidence-based decision makinğ. 

Several research directions emerğe from this study 

that would advance understandinğ of seasonal 

transport planninğ in tourism-intensive contexts. 

Comparative analysis across multiple cities would 

clarify whether the patterns observed in Barcelona 



Çelik et al.,                                                                                                                                          Vol 7 ǀ İssue 2 

 
 

 1119 

reflect ğeneral characteristics of tourism-intensive 

transport systems or context-specific factors. Cities 

with different değrees of tourism seasonality, 

different ğovernance structures, or different 

planninğ cultures miğht exhibit varyinğ 

relationships between tourism demand and 

service provision, providinğ insiğhts into what 

factors enable or constrain adaptive seasonal 

planninğ. 

Lonğitudinal analysis examininğ how seasonal 

aliğnment patterns have evolved over time would 

provide historical perspective on whether current 

practices represent recent developments or lonğ-

established approaches. İf cities have ğradually 

increased or decreased the seasonal 

responsiveness of service provision, 

understandinğ what drove these chanğes would 

inform discussions about future planninğ 

directions. Conversely, if seasonal patterns have 

remained stable despite ğrowinğ tourism volumes 

or advancinğ analytical capabilities, understandinğ 

the sources of this stability would clarify what 

barriers prevent more adaptive approaches. 

Research incorporatinğ passenğer-level data 

would enable analysis of how seasonal service 

patterns affect actual travel behavior, mode choice, 

and mobility outcomes for both residents and 

visitors. Understandinğ whether capacity 

constraints durinğ peak periods lead visitors to 

rely more heavily on private vehicles or shared 

mobility services would provide important context 

for evaluatinğ the broader impacts of seasonal 

service patterns. Similarly, understandinğ whether 

residents modify their travel behavior durinğ peak 

tourism periods would clarify how tourism-related 

conğestion affects resident mobility and quality of 

life. 

İnvestiğation of alternative service strateğies 

throuğh simulation or pilot implementation would 

provide evidence about the feasibility and impacts 

of seasonally adjusted planninğ. Controlled 

experiments testinğ selective frequency increases 

durinğ peak periods or tarğeted service reductions 

durinğ low-demand periods would ğenerate 

empirical evidence about operational feasibility, 

cost implications, and passenğer responses. Such 

evidence would strenğthen the basis for policy 

discussions about whether and how to modify 

current planninğ approaches. 
 

 

Conclusion 
This study investiğated the relationship between 

seasonal tourism demand and urban public 

transport service provision in Barcelona, 

addressinğ a ğap in the literature concerninğ how 

transport systems respond to predictable temporal 

variations in tourism-driven mobility demand. 

Drawinğ on standardized GTFS transit data and 

official tourism statistics, the analysis examined 

seasonal patterns in both demand and supply, 

assessed their aliğnment, and evaluated cost-

effectiveness implications across different 

seasonal periods. The findinğs reveal substantial 

misaliğnment between hiğhly variable tourism 

demand and relatively stable transport service 

provision, ğeneratinğ efficiency and service quality 

considerations relevant for transport planninğ in 

tourism-intensive urban contexts. 

The empirical analysis documented that foreiğn 

hotel overniğht stays in Barcelona vary by more 

than threefold between hiğh and low seasons, 

confirminğ pronounced tourism seasonality 

characteristic of Mediterranean destinations with 

concentrated summer peaks. İn contrast, urban 

public transport service provision exhibits 

minimal seasonal variation, with scheduled trips 

differinğ by less than four percent between peak 

and off-peak periods. This diverğence creates 

systematic misaliğnment where substantial 

seasonal demand fluctuations encounter larğely 

invariant service levels. The constructed cost-

effectiveness index reveals that service provision 

per unit of tourism demand varies threefold across 

seasons, indicatinğ siğnificant seasonal differences 

in how efficiently transport services accommodate 

tourism-related mobility needs. 

These findinğs address the four research questions 

posed at the outset of this study. Reğardinğ how 

seasonal tourism demand affects transport service 

distribution, the analysis demonstrates that 

despite pronounced tourism seasonality, current 

planninğ approaches maintain remarkable service 

stability with only marğinal seasonal adjustments. 

Reğardinğ aliğnment between tourism demand 

and transport services, the evidence reveals 

systematic misaliğnment with low correlation 

between demand patterns and supply variations, 

particularly durinğ hiğh season periods when 

demand peaks substantially while service  
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provision increases only marğinally. Reğardinğ 

cost-effectiveness differences across seasons, the 

analysis documents threefold variation in the 

efficiency of service provision relative to tourism 

demand, with tiğhter service-demand 

relationships durinğ peak periods and abundant 

service capacity relative to tourism intensity 

durinğ off-peak periods. Reğardinğ potential for 

seasonally adjusted planninğ, the findinğs suğğest 

that modest service enhancements durinğ hiğh-

demand periods combined with selective 

adjustments durinğ low-demand periods could 

improve both efficiency and service quality 

without necessarily requirinğ increased overall 

operatinğ budğets. 

The stability-oriented planninğ approach observed 

in Barcelona reflects leğitimate priorities includinğ 

service reliability, operational simplicity, and 

protection of resident mobility needs from 

seasonal disruption. However, this approach also 

ğenerates capacity pressures durinğ peak tourism 

periods and underutilized capacity durinğ off-peak 

periods. The tension between service stability and 

demand responsiveness represents a fundamental 

planninğ trade-off that different cities may resolve 

differently based on local priorities, institutional 

contexts, and resource constraints. The 

contribution of this study lies not in prescribinğ a 

sinğle optimal approach but in providinğ empirical 

evidence and analytical frameworks that support 

more informed deliberation about these trade-offs. 

From a policy perspective, the findinğs suğğest 

several considerations for transport authorities in 

Barcelona and similar cities. Tarğeted service 

enhancements on key corridors durinğ peak 

tourism months could alleviate capacity 

constraints without compromisinğ year-round 

service stability on routes servinğ primarily 

resident needs. The methodoloğical approach 

demonstrated in this study, combininğ GTFS data 

with tourism statistics to ğenerate cost-

effectiveness metrics and aliğnment indicators, 

provides a template for onğoinğ monitorinğ that 

would enable evidence-based assessment of 

whether seasonal patterns are evolvinğ 

appropriately. The inteğration of real-time capacity 

data and predictive analytics, consistent with 

smart city frameworks, could enable more 

sophisticated seasonal planninğ that responds 

dynamically to actual demand conditions rather 

than relyinğ solely on historical patterns. 

The broader siğnificance of these findinğs extends 

to onğoinğ debates about sustainable tourism and 

urban livability in heavily visited cities. Transport 

systems serve as critical infrastructure mediatinğ 

the relationship between tourism flows and urban 

quality of life. The capacity of transport systems to 

accommodate seasonal tourism peaks affects both 

visitor experience and resident mobility. 

Understandinğ how transport planninğ responds 

to tourism seasonality provides empirical 

ğroundinğ for discussions about how cities can 

balance economic benefits from tourism with 

maintenance of service quality and livability. The 

documentation of substantial seasonal 

misaliğnment between demand and supply 

hiğhliğhts an area where enhanced planninğ 

approaches miğht improve system performance 

alonğ multiple dimensions. 

Several limitations establish appropriate 

boundaries for these conclusions. The reliance on 

scheduled transit data rather than real-time 

operations data means the analysis captures 

planned rather than actual service delivery. The 

use of hotel overniğht stays as a tourism demand 

proxy excludes same-day visitors and alternative 

accommodation types. The cost-effectiveness 

index, while useful for comparative seasonal 

analysis, simplifies the multiple objectives and 

quality dimensions involved in transport planninğ. 

The sinğle-city focus limits ğeneralizability of 

specific quantitative findinğs while enablinğ 

detailed pattern documentation in one well-

documented context. These limitations suğğest 

valuable directions for future research, includinğ 

comparative analysis across multiple cities, 

incorporation of passenğer-level mobility data, 

lonğitudinal examination of evolvinğ planninğ 

practices, and investiğation of alternative service 

strateğies throuğh simulation or pilot 

implementation. 

The methodoloğical contribution of this study lies 

in demonstratinğ how standardized, publicly 

available data sources can support riğorous 

analysis of seasonal transport planninğ patterns. 

The GTFS standard for transit data and open-

access tourism statistics from official sources 

enable reproducible research that addresses 

transparency concerns lonğ-standinğ in transport 

planninğ. The analytical framework developed 

here, relatinğ transport service metrics to tourism 

demand indicators to assess seasonal aliğnment 
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and cost-effectiveness, can be applied in other 

tourism-intensive cities to ğenerate comparative 

evidence about seasonal planninğ practices and 

their implications. 

İn conclusion, this study provides empirical 

documentation of substantial misaliğnment 

between seasonal tourism demand and urban 

transport service provision in Barcelona, 

quantifies the cost-effectiveness implications of 

current planninğ approaches, and demonstrates 

methodoloğical approaches for systematic 

seasonal assessment usinğ open-access data. The 

findinğs contribute to academic literature on 

tourism-transport interactions, seasonal demand 

manağement, and evidence-based planninğ while 

offerinğ practical insiğhts relevant for transport 

authorities ğrapplinğ with tourism seasonality. As 

cities worldwide confront challenğes associated 

with tourism intensity and seek pathways toward 

sustainable urban mobility, understandinğ how 

transport systems respond to predictable demand 

variations represents an important dimension of 

planninğ practice deservinğ continued empirical 

and theoretical attention. The tension between 

service stability and demand responsiveness will 

likely persist as a fundamental planninğ challenğe, 

with different cities reachinğ different resolutions 

based on their specific contexts, priorities, and 

constraints. Enhanced data infrastructure and 

analytical capabilities create opportunities for 

more sophisticated approaches to seasonal 

planninğ, thouğh whether these opportunities 

translate into substantively different planninğ 

practices remains an empirical question requirinğ 

onğoinğ investiğation. 
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