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Abstract

Parking management has become an increasingly important challenge in rapidly growing
urban areas, yet evidence from intermediate Latin American cities remains scarce. This
study analyzes parking choice behavior across Ecuadorian cities using a national stated
preference (SP) experiment validated through revealed preference (RP) data and estimated
via discrete choice models. Data were collected between 1 April and 3 May 2026 from
2150 active drivers across 12 cities spanning the Coast, Highlands, and Amazon regions.
Multinomial Logit (MNL) and Mixed Logit (MIXL) models were estimated to evaluate
the effects of parking cost, walking distance, search time, security, and surveillance on
parking decisions. Results showed that all three cost-related attributes significantly reduced
parking utility, while security improvements increased the probability of selecting formal
parking alternatives. The MIXL model outperformed MNL specifications (AAIC = 211.84),
revealing significant unobserved heterogeneity in cost (SD = 0.45) and security preferences
(SD = 0.29). Willingness-to-pay estimates reached USD 0.64 per 100 m reduction in walking
distance and USD 0.69 per 10-min reduction in search time, with substantial inter-city
variability. Despite low current adoption (18.4%), willingness to use digital reservation
systems exceeded 75% across income groups. The findings underscore the need for locally
calibrated, context-sensitive parking policies and support differentiated smart parking
strategies in developing urban systems.

Keywords: discrete choice modeling; parking behavior; stated preference experiment;
willingness-to-pay estimation; urban parking management

1. Introduction

Urban motorization has intensified parking-related challenges in cities worldwide,
particularly in contexts characterized by rapid urban growth, increasing private vehicle
ownership, and limited street capacity. Parking scarcity contributes to traffic congestion,
unnecessary vehicle circulation, fuel consumption, emissions, and reduced accessibility in
central commercial districts and high-demand corridors [1,2]. Empirical evidence shows
that drivers may spend considerable time searching for parking, and that cruising for
parking can account for a substantial share of traffic in congested urban centers [3]. As a
result, parking management has increasingly been recognized as an essential component of
sustainable urban mobility and travel demand management strategies [4]. Understanding
parking choice behavior is therefore necessary for designing effective pricing, enforcement,
and demand-management policies [5].
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The analysis of parking behavior has evolved through the application of random utility
theory, stated preference experiments, and discrete choice modeling. Random utility models
provide a theoretical framework for explaining how individuals choose among alternatives
by trading off attributes such as cost, walking distance, search time, safety, availability, and
enforcement risk [6,7]. Stated preference methods are particularly useful in parking research
because they allow researchers to vary policy attributes that may be difficult to observe
under real market conditions, including fine probability, parking availability, and surveillance
level [8]. Previous studies in Europe have shown that parking cost, access distance, search
time, and individual heterogeneity significantly influence parking decisions [4,9]. Similar
evidence from Asian developing-city contexts indicates that parking fees, walking distance,
queuing time, capacity, and information-related factors affect parking lot choice and support
the use of mixed logit models to capture preference heterogeneity [10,11].

Parking management problems are especially relevant in intermediate and rapidly
growing cities of developing countries, where urban expansion often exceeds institutional
capacity for transport planning and enforcement. In Latin American cities, parking behavior
is shaped not only by price and distance but also by weak regulation, informal parking
practices, enforcement uncertainty, and limited off-street supply [12]. Ecuador constitutes
a relevant case because its urban system includes large metropolitan areas as well as
medium-sized and small cities with different mobility patterns, economic conditions, and
institutional capacities. Evidence from Loja, Ecuador, shows that parking choices in an
intermediate Andean city are influenced by parking cost, walking distance, enforcement
sensitivity, security, and socioeconomic heterogeneity [13]. However, while this local
evidence is valuable, nationally distributed and multicity behavioral evidence on parking
choice in Ecuador remains limited.

Recent advances in parking research have emphasized the importance of incorporating
behavioral heterogeneity, information availability, and technological adoption into parking
demand analysis. Recent studies have shown that parking preferences vary substantially
across individuals and urban contexts, particularly regarding sensitivity to parking fees,
walking distance, and travel mode interactions, reinforcing the need for flexible modeling
approaches capable of capturing heterogeneous behavioral responses [14]. Moreover, recent
evidence suggests that individual preferences for parking attributes cannot be adequately
represented through average population parameters, as willingness-to-pay estimates often
differ significantly across socioeconomic groups and residential environments [15]. Emerg-
ing evidence also highlights the role of perceived risk and uncertainty in parking decisions,
indicating that behavioral factors may be as influential as traditional cost and time variables
in some urban contexts [16].

Mixed logit and related flexible discrete choice models allow researchers to account for
systematic and random variation in preferences across individuals and urban contexts [4,6].
In addition, smart parking systems, mobile applications, digital payment technologies, and
real-time information can modify search behavior and parking location choice, especially
where formal parking supply is scarce or poorly coordinated [11,17]. Nevertheless, there is still
limited evidence on how these factors interact in secondary Latin American cities, particularly
in countries with marked regional and institutional heterogeneity. This limitation is relevant
because parking policy transferability across cities may be constrained by differences in
income distribution, urban morphology, enforcement capacity, and technological readiness.

Another important gap concerns the external validity and territorial representativeness
of parking choice studies. Many stated preference parking experiments have been con-
ducted in single cities or specific metropolitan areas, limiting the extent to which estimated
behavioral parameters can be generalized across wider urban systems [9,18,19]. Although
some recent studies have combined revealed and stated preference data to improve be-
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havioral realism, multicity evidence remains comparatively scarce in developing-country
contexts [8,11]. This gap restricts the ability of policymakers to design differentiated park-
ing management strategies adapted to heterogeneous local conditions. Consequently,
nationally distributed parking choice research is needed to jointly evaluate behavioral
preferences [20], willingness to pay [21], technology adoption [22], and inter-city hetero-
geneity within a unified analytical framework. Recent research has further emphasized
that behavioral parameters estimated in a single city may not necessarily be transferable
to other urban environments due to differences in socioeconomic conditions, parking
supply structures, and institutional contexts. Consequently, external validity and model
transferability have become increasingly important concerns in parking choice research,
particularly in developing-country settings where empirical evidence remains limited [23].

This study aims to analyze parking choice behavior in Ecuadorian cities using a
national stated preference experiment combined with revealed preference validation and
discrete choice modeling techniques. Specifically, the research evaluates the influence
of parking cost, walking distance, search time, security, surveillance, availability, and
enforcement-related variables on parking decisions among active drivers in Ecuador. Data
were collected from drivers in multiple cities located across the Coast, Highlands, and
Amazon regions of the country. The analytical framework includes multinomial logit
and mixed logit models, willingness-to-pay estimations, stratified city-level analyses, and
attitudinal indicators, following established approaches in stated choice and discrete choice
modeling [6,8]. A revealed preference component and internal consistency procedures
were also incorporated to improve data reliability and assess the consistency between
hypothetical and reported parking behavior.

The study contributes to the parking and urban mobility literature in several ways.
First, it provides nationally distributed evidence on parking choice behavior in Ecuador,
extending previous local evidence from Loja to a broader set of heterogeneous urban con-
texts [13]. Second, it integrates stated and revealed preference components within a unified
behavioral framework, allowing the assessment of convergent validity between hypotheti-
cal choices and reported parking behavior [8]. Third, it evaluates inter-city heterogeneity
and technology adoption patterns associated with parking management, offering evidence
relevant for differentiated and context-sensitive smart parking policies in developing urban
systems. Finally, the analytical framework may support future comparative research and
contribute to the design of parking policies for secondary cities in Latin America.

The remainder of this manuscript is organized as follows. Section 2 describes the
study area and national context, the survey design and data collection instrument, sample
eligibility criteria, data cleaning procedures, and the analytical framework including the
discrete choice models and willingness-to-pay estimation methods. Section 3 presents the
results, covering sample characteristics, stated and revealed preference parking choice
distributions, national and city-level discrete choice model estimates, willingness-to-pay
values, Mixed Logit findings, technology adoption patterns, and attitudinal indicators.
Section 4 discusses the main findings in relation to the existing literature, addressing park-
ing choice determinants, inter-city heterogeneity, equity implications, model performance,
and study limitations. Section 5 summarizes the principal conclusions and their implica-
tions for parking policy and future research.

2. Materials and Methods
2.1. Study Area and National Context

This study was conducted in multiple Ecuadorian cities distributed across the coun-
try’s three main continental geographic regions: the Coast, Highlands, and Amazon. The
national scope of the survey was intended to capture heterogeneous parking behaviors
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under different urban, socioeconomic, and territorial conditions, thereby improving the
external validity and transferability of the estimated behavioral parameters.

Data collection was initially carried out in 27 cities through a decentralized fieldwork
strategy involving undergraduate Civil Engineering students with a specialization in
transportation infrastructure from Universidad Técnica Particular de Loja. Because these
students originate from different regions of the country, they were instructed to collect data
in one of the cities geographically closest to their place of residence, which facilitated broad
territorial coverage and access to diverse urban contexts.

The final analytical sample included cities that reached a minimum threshold of
50 valid observations to ensure statistical robustness for the stratified analyses. Conse-
quently, 12 cities were retained for the city-level modeling: Quito, Guayaquil, Cuenca, Loja,
Latacunga, Tulcan, El Coca, Jipijapa, Macas, Gualaceo, Suctia, and Gonzanama.

The selected cities represent a wide range of Ecuadorian urban contexts, including
large metropolitan areas, intermediate cities, and small urban centers. Population sizes [24]
ranged from 2833 inhabitants in Gonzanama to 2,665,392 inhabitants in Guayaquil, reflect-
ing substantial variability in urban scale, motorization levels, parking supply constraints,
urban density, and traffic enforcement conditions. This diversity allowed the study to cap-
ture heterogeneous parking management realities across the country, from highly congested
metropolitan environments to smaller cities with emerging mobility challenges.

Figure 1 presents the spatial distribution of the 12 cities retained in the final analytical
sample, together with their population sizes and regional classification. This figure supports
the interpretation of the national scope of the study by showing that the selected cities
cover Ecuador’s Coast, Highlands, and Amazon regions and include large metropolitan
areas, intermediate cities, and small urban centers.

2°N

1°S

2°S

3°S

4°s

Ecuador
N
Tulcin City Population
Guay aquil 2,665,392
Quito 1,776,364
Quito
° Cuenca 361,524
® El Coca Loja 214,296
Latacunga
° Latacunga 125,651
Tulcan 64,218
\ ElCoca 59,104
Guayaquil ~
* acas ..
2 Suctia Jipijapa 54,639
Macas 22,621
Cuen ¢ Gualaceo
i Gualaceo 22,019
Sucta 16,309
Loja® Gonzanama 2833
Goll gl Coastal region Source: Ecuador National Institute of Statistics and
Andean Highlands Census (INEC), 2022 Population and Housing Census.
‘Amazon region
100 km
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Figure 1. Geographic distribution of the 12 Ecuadorian cities included in the final analytical sample,
classified by continental region and accompanied by city-level population values. The map illustrates
the territorial coverage of the study across the Coast, Highlands, and Amazon regions. El Coca is the
common name of the city officially named Puerto Francisco de Orellana.
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2.2. Survey Design and Data Collection Instrument

The survey instrument employed in this study was based on the parking choice exper-
iment previously developed and validated in the study published previously [13] parking
choice study. The questionnaire structure, experimental design logic, and behavioral at-
tributes were maintained to ensure methodological consistency and comparability with
prior findings.

The instrument consisted of four main sections: (i) sociodemographic and mobility
characteristics, (ii) revealed preference (RP) questions related to recent parking experiences,
(iii) a stated preference (SP) discrete choice experiment, and (iv) attitudinal and technology
adoption questions.

The SP experiment was designed following a random utility maximization framework.
Participants were presented with six hypothetical parking choice scenarios, each containing
four alternatives: regulated on-street parking, private parking, informal parking, and the
option of avoiding vehicle use. Each alternative was characterized by several attributes,
including parking cost, walking distance, parking search time, security level, surveillance
level, probability of finding a space, and enforcement/fine risk.

Attribute levels were combined using a fractional factorial experimental design to
reduce respondent burden while maintaining statistical efficiency. The resulting scenarios
were randomized across respondents to minimize ordering effects and hypothetical bias.
Attribute levels were defined based on observed parking conditions in Ecuadorian cities
and prior evidence from the reference study [13]. Each attribute was assigned two to three
levels, and a D-efficient fractional factorial design was generated, resulting in 24 choice
scenarios blocked into four versions of six scenarios each. Each respondent was randomly
assigned to one version, yielding six choice tasks per participant.

The questionnaire also included revealed preference questions aimed at validating the
consistency between stated and actual parking behavior. Participants were asked about
the last time they parked in a congested urban area, including the parking option selected,
actual search time, parking expenditure, and contextual conditions.

Additional sections evaluated attitudes toward parking management policies, percep-
tions of parking scarcity, acceptance of parking regulation measures, and willingness to
adopt smart parking technologies such as mobile applications and reservation systems.

To improve data quality, the survey incorporated an attention-control question in-
tended to verify whether respondents were carefully reading the questionnaire. Responses
failing this control criterion were excluded during data cleaning.

Data collection was conducted between 1 April and 3 May 2026 using face-to-face
and digitally assisted survey administration procedures. Before field deployment, partici-
pating students received standardized training regarding participant recruitment, survey
administration protocols, ethical considerations, and respondent eligibility criteria.

2.3. Sample Description and Eligibility Criteria

A total of 3114 questionnaires were initially collected nationwide. However, several
exclusion criteria were applied to ensure consistency between the target population and
the behavioral objectives of the study.

First, respondents younger than 18 years old were excluded because the study focused
on adult drivers with autonomous parking decision-making capacity. Second, individuals
who reported holding a valid driver’s license but not currently driving were removed
from the dataset, as were respondents who did not possess a valid driver’s license. These
exclusions were implemented to ensure that all participants represented active drivers
exposed to real parking choice conditions.
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Additional filtering criteria were applied to improve behavioral realism and inter-
nal consistency. Observations reporting parking search times below five minutes were
excluded because previous evidence from the reference study identified five minutes as
the lower realistic threshold for parking search time in congested urban environments in
this particular survey [13]. Furthermore, all records failing the embedded attention-control
question were removed.

After data cleaning and validation procedures, 2150 valid questionnaires were retained
from the 3114 surveys initially collected, corresponding to a valid retention rate of 69.0%.
Excluded observations were mainly associated with respondent ineligibility, inattentive
responses, incomplete records, and inconsistent behavioral information.

The target sample size was determined based on the requirements of discrete choice
model estimation. Following established guidelines for SP experiments [6], a minimum
of 150-200 respondents per model is generally considered sufficient for stable parameter
recovery in MNL specifications. The achieved national sample of 2150 respondents sub-
stantially exceeds this threshold and provides adequate statistical power for both pooled
and stratified city-level estimations.

2.4. Data Cleaning and Preprocessing

Data preprocessing and quality control procedures were conducted prior to model es-
timation. The cleaning process aimed to eliminate incomplete, inconsistent, or behaviorally
implausible responses that could compromise the reliability of discrete choice estimations.

The preprocessing pipeline included the following steps:

Removal of respondents younger than 18 years old.

Exclusion of non-active drivers and respondents without a valid driver’s license.
Elimination of surveys failing the attention-control question.

Removal of observations with implausibly short parking search times (<5 min).

AR

Verification of logical consistency among revealed preference and stated prefer-
ence responses.
Standardization and recoding of categorical variables.

N o

Transformation of the SP dataset into long format for discrete choice modeling.

Following cleaning procedures, the SP experimental database generated 51,600 obser-
vations in long format corresponding to repeated choice tasks across respondents.

Cities with fewer than 50 valid observations were excluded from city-level estimations
in order to avoid unstable parameter estimates and inflated standard errors in stratified
models. The threshold of 50 observations per city was established based on established
guidelines for minimum cell sizes in stratified discrete choice model estimations. Following
Train [6] and Louviere et al. [8], a minimum of approximately 150-200 respondents is gen-
erally recommended for stable MNL estimation at the pooled level. For city-level stratified
models with a reduced attribute set and fewer alternatives, minimum samples of 50 valid
respondents per city have been applied in comparable multi-city stated preference studies
as a practical threshold for parameter recovery. This value ensures that each respondent
contributes at least six choice observations (from the six SP tasks per respondent), yielding
a minimum of 300 choice records per city-level model—a volume considered adequate for
stable coefficient estimation under standard SP experimental designs [6,8].

2.5. Analytical Framework

The analytical framework of this study was grounded in Random Utility Theory
(RUT), which assumes that individuals select the parking alternative that maximizes their
perceived utility under a given choice set.

For respondent (n), the utility associated with parking alternative (i) was specified as:
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uin = Vin + &in (1)

where V;, represents the observable systematic utility component and ¢;,, denotes the
unobserved random error term.

The systematic utility was specified as a linear-in-parameters function of the observed
parking attributes:

Vin = Bo + B1Cin + B2WDjy, + B3STiy + B4SEC;, + BsSURV, (2)

where C;, is parking cost, WD, is walking distance to destination, STj, is parking search
time, SEC;,, represents perceived security, and SURV;, denotes surveillance or enforcement
conditions. The parameters B capture the marginal utility associated with each attribute.

Initial model estimation was performed using the Multinomial Logit (MNL) formula-
tion due to its interpretability and computational efficiency. Under the MNL framework,
the probability that respondent n chooses alternative i from choice set | is given by:

exp(Viy)
P, = ——— i 3
Toc e (Vi) ®

The MNL specification assumes that error terms are independently and identically
distributed (IID) following a Gumbel distribution, which implies the Independence of
Irrelevant Alternatives (IIA) property.

To account for unobserved taste heterogeneity across respondents, Mixed Logit (MIXL)
models were subsequently estimated. In the MIXL formulation, selected parameters were
treated as random variables:

ﬁn: /3+77n 4)

where S is the population mean parameter vector and #, captures individual-specific
deviations following a predefined probability distribution. The resulting choice probability
is expressed as:
b _ [ _ew(Vu(p))
m
Yjejexp (V]n (B)

where f(516) is the density function of the random parameters characterized by parameter

)f(ﬁle),dﬁ ®)

vector . Because this integral has no closed-form solution, the model was estimated
using simulated maximum likelihood with Halton draws. Simulated maximum likelihood
estimation was performed using 500 Halton draws, which has been shown to provide
stable and accurate approximations of the choice probability integral in parking and travel
behavior contexts [6].

The log-likelihood function maximized during estimation was defined as:

N ]
LL() = ). ) Yinln(Pin) (6)
n=1i=1

where y;,, equals 1 if respondent n selected alternative i, and 0 otherwise.

Willingness-to-pay (WTP) indicators were derived from estimated utility coefficients
using marginal rate-of-substitution approaches. Specifically, the WTP associated with
attribute (k) was calculated as:

Wrp, = —Px 7)

where B is the coefficient of the attribute of interest and S, is the coefficient associ-
ated with parking cost. Confidence intervals for WTP estimates were obtained using
the delta method.
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Model goodness-of-fit was evaluated using McFadden’s pseudo-(R?), computed as:

2 LL(B)
pt =1~ IL(0) (8)
where LLg is the log-likelihood at convergence and LLg is the log-likelihood of the
null model.

Additionally, stratified MNL models were estimated by city, income group, sex, and
prior fine experience to evaluate behavioral heterogeneity across socioeconomic and territo-
rial contexts.

Principal Component Analysis (PCA) was also applied to attitudinal variables in order
to identify latent behavioral dimensions associated with parking preferences, enforcement
perceptions, and mobility attitudes. The PCA transformation can be expressed as:

Zr = anXy + apXy + o+ apXp )

where Zj represents the k-th principal component, X, are the standardized observed
attitudinal variables, and gy, are the component loadings. Components with eigenvalues
greater than 1 were retained for interpretation.

2.6. Statistical Analysis and Software Environment

All statistical analyses were performed using R (version 4.3.1; R Foundation for Statisti-
cal Computing, Vienna, Austria) [25] within the RStudio (version 2023.09.1; Posit Software,
PBC, Boston, MA, USA) [26]. Data processing, visualization, and model estimation were
conducted using several specialized R packages.

Data manipulation and preprocessing were performed primarily with the tidyverse
ecosystem (version 2.0.0), including dplyr (version 1.1.4), tidyr (version 1.3.1), readr (version
2.1.5), purrr (version 1.0.2), and ggplot2 (version 3.5.1).

Discrete choice models were estimated using the mlogit package (version 1.1-1) to-
gether with supporting dependencies including dfidx (version 0.1-2), maxLik (version
1.5-2.1), miscTools (version 0.6-28), and Formula (version 1.2-5). Mixed Logit estimations
were conducted using simulated maximum likelihood with Halton sequences and BFGS
optimization algorithms.

Additional analyses employed the psych package (version 2.4.6) for exploratory factor
analysis and principal component analysis, the car package (version 3.1-2) for diagnostic
procedures, and factoextra (version 1.0.7) for multivariate visualization.

2.7. Ethical Considerations

The study was conducted in accordance with the Declaration of Helsinki and the
Ecuadorian Organic Law on Personal Data Protection, ensuring participant anonymity and
the use of aggregated data only. Under the standardized procedures of the local Ethics
Committee (CEISH-UTPL), ethical review and approval were waived for this study, as
the research was classified as “Research Without Risk” due to its anonymous nature. The
protocol identification code was 2026-04-INT-EO-SR-009. Consequently, informed consent
was obtained from all participants prior to data collection, emphasizing the voluntary and
confidential nature of their participation.

2.8. Use of Artificial Intelligence-Assisted Tools

During the preparation of this manuscript, Gemini (Google, version 1.5) and Claude
(Anthropic, version 3.5) were used to review and identify potential corrections in portions
of the R code. All outputs generated by these tools were carefully reviewed, verified, and
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edited by the authors. The authors take full responsibility for the final content and accuracy
of the manuscript.

3. Results
3.1. Sample Characteristics and Spatial Distribution

After the data cleaning and validation procedures, the final analytical sample consisted
of 2150 valid respondents distributed across 12 Ecuadorian cities that met the minimum
inclusion threshold of 50 observations per city. In total, the survey initially collected
3114 responses nationwide between 1 April and 3 May 2026. The final sample covered
cities located in the Coast, Highlands, and Amazon regions, thereby capturing substantial
territorial, socioeconomic, and urban heterogeneity within Ecuador. Quito (n = 454) and
Loja (n = 398) represented the largest subsamples, while El Coca (1 = 51) represented the
minimum threshold retained for city-level analyses.

Figure 2 summarizes the number of valid responses obtained in each surveyed city
after applying the data cleaning criteria. The figure also identifies the minimum threshold
of 50 valid observations required for inclusion in city-level sub-analyses, distinguishing
between cities retained for stratified modeling and those included only in the pooled
national analysis.

City sub-analysis <50 (pooled) @ 250 (included)

Quito 1
Loja 1 |
Latacunga 1 I
Macas 1
Tulcan 1 |
Gualaceo 1
Cuenca 1 |
Guayaquil I
Jipijapa 1 L
Suctia 1 @
Gonzanama 1 b

El Coca 1 .
1
I
I
|
|
|
|

Azogues 1
Zumbi 1
Manta 1

Alamor 1
Daule 1

El Tambo 1

Yanzatza 1
Ibarra 1

Studied cities

Catamayo 1
Portoviejo 1
Riobamba 1
Mendez 1
Lim6n Indanza 1 | Min. threshold
Ambato 1 (n=50)
San Juan Bosco 1 |

0 100 200 300 400

Sample size (n)

Figure 2. Distribution of valid survey responses by city after data cleaning and validation. The
dashed vertical line indicates the minimum inclusion threshold of 50 valid observations required for
city-level sub-analyses; cities meeting this criterion were retained for stratified model estimation.

The demographic composition of the sample showed a relatively balanced gender
distribution and a predominance of economically active adults (see Table 1). Male respon-
dents accounted for 53.5% of the sample (n = 1151), while female respondents represented
46.0% (n = 989). This distribution is reasonably consistent with national demographic statis-
tics for Ecuador [24], where men represent 48.7% of the population and women 51.3%,
suggesting an acceptable level of gender representativeness within the study sample. The
largest age group corresponded to individuals aged 25-34 years (35.1%), followed by the
3544 age group (30.2%).
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Table 1. Sociodemographic, mobility, and technology-adoption characteristics of the final analyti-

cal sample.
Variable Category n %
Male 1151 53.5
Gender Female 989 46.0
18-24 311 14.5
25-34 754 35.1
Age group 3544 649 30.2
45-54 292 13.6
55-64 104 4.8
65+ 40 1.9
Low (<1500 USD) 1587 73.8
Income group Middle (1500-4000 USD) 461 214
High (>4000 USD) 22 1.0
Previous parking fine Yes 985 45.8
Parking app use Yes 396 18.4
Willingness to use Yes 1636 76.1

reservation system

Note: Percentages are calculated using the final valid sample of 2150 respondents. Percentages may not sum to
100% in variables with missing or non-reported categories.

The predominance of respondents in the 25-44 age range (65.3% of the sample) re-
flects the age profile of the economically active urban driver population in Ecuador, but
also represents a potential selection bias that should be acknowledged. Younger adults
(18-24) and older drivers (55+) are underrepresented relative to their share of the national
population and licensed driver pool. This age concentration may influence the estimated
willingness-to-pay values, technology adoption rates, and sensitivity to parking attributes,
as these dimensions are known to vary across age cohorts. In particular, older drivers
may exhibit greater sensitivity to walking distance and lower willingness to adopt digital
reservation systems, while younger drivers may show higher price sensitivity and stronger
openness toward smart parking technologies. The implications of this age-related selection
bias are discussed further in Section 4.6.

In terms of income, most participants belonged to the low-income category (<USD
1500/month), representing 73.8% of the sample. Approximately 45.8% of respondents
reported having previously received a parking-related fine, 18.4% indicated using parking
mobile applications, and 76.1% expressed willingness to use advance parking reserva-
tion systems.

The residential distribution of respondents revealed that consolidated residential
areas represented the largest share of the sample (32.4%), followed by peripheral residen-
tial zones (25.0%). Regarding workplace or study locations, nearly half of respondents
(45.4%) reported traveling regularly to city-center areas. This spatial diversity is relevant
because parking behavior and willingness to pay may vary according to urban morphology,
accessibility conditions, and land-use patterns.

3.2. Parking Choice Distribution and Revealed Preference Validation

The SP experiment generated a total of 12,900 valid parking choices. Each respondent
evaluated six hypothetical parking choice scenarios with four alternatives per scenario, gen-
erating repeated observations suitable for discrete choice modeling. Private parking was
the most selected alternative (44.7%), followed by regulated parking (38.7%) (see Figure 3).
Irregular parking represented only 4.3% of responses, whereas 12.3% of respondents se-
lected the alternative corresponding to abandoning car use for that trip. The RP component,
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based on respondents’ most recent parking experience, showed similar distributions, with
regulated parking accounting for 42.1% and private parking for 45.4% of observed choices.

Data source Revealed Preference Stated Preference
50 1
454% 4470,
42.1%
S 38.7%
0
]
Q
o
(=]
"S 30 1
S
=]
s
=]
1
-g 20
o
=
A~
12.3%
101 7.8%
47%  43%
0 T T T T
Irregular Leave car Private Regulated

Parking alternative

Figure 3. Comparison between revealed preference and stated preference parking choice distributions.
Percentages represent the proportion of choices assigned to each parking alternative, allowing

assessment of the consistency between reported recent parking behavior and hypothetical stated
choice scenarios.

The relatively small differences between SP and RP distributions suggest behavioral
consistency between hypothetical and observed choices. The largest discrepancy corre-
sponded to the “leave the car” alternative, which appeared more frequently in the SP
scenarios than in actual reported behavior. This finding is consistent with previous trans-
portation SP studies in which respondents express greater willingness to adopt sustainable
or restrictive travel options under hypothetical conditions.

The RP data further indicated that respondents paid an average parking cost of USD
0.97 per hour (SD = 0.75) and spent an average of 13.6 min searching for parking (SD = 10.4)
(see Table 2). These descriptive indicators provide contextual evidence regarding parking
scarcity and generalized parking costs in Ecuadorian urban environments.

Table 2. Revealed preference indicators for recent parking experiences.

Variable Mean SD
Parking cost (USD/h) 0.97 0.75
Parking search time (min) 13.6 10.4

Note: Values summarize reported parking cost and search time during respondents’ most recent parking experi-
ence in a congested urban area.

3.3. National Multinomial Logit Model

The reduced Multinomial Logit (MNL) model was selected as the principal specifica-
tion due to its parsimony and equivalent explanatory performance relative to the complete
specification. The likelihood ratio test comparing the complete and reduced models was not
statistically significant (x> =1.00,df =2, p = 0.6065), indicating that the excluded attributes
did not significantly improve model fit. The final national model achieved a McFadden
pseudo-R? of 0.009 and a hit rate of 47.4% (see Table 3).
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Table 3. National reduced Multinomial Logit model estimates for parking choice.
Variable 8] SE z-Value
ASC: Private parking 0.2050 0.0299 6.846
ASC: Irregular parking —2.5934 0.0875 —29.625
ASC: Leave the car —1.3983 0.0591 —23.669
Walking distance (m) —0.0010 0.0001 —7.790
Parking cost (USD) —0.1510 0.0261 —-5.791
Search time (min) —0.0104 0.0016 —6.418
Security score 0.1576 0.0382 4123
Surveillance score —0.0930 0.0374 —2.489

Note: B = estimated coefficient; SE = standard error. Negative coefficients indicate reduced parking utility,
whereas positive coefficients indicate increased utility relative to the modeled attribute.

Although the McFadden pseudo-R? of 0.009 appears modest, this is consistent with
large-scale disaggregate SP’ datasets where individual behavioral variation is high and
unobserved factors account for a substantial share of choice variance [6,8]. The model’s
hit rate of 47.4% exceeds the random choice benchmark of 25% (given four alternatives),
supporting its discriminative validity. Furthermore, a comparison of all discrete choice
specifications estimated in this study (Table 4) confirms that while MNL models provide
an interpretable baseline, the Mixed Logit specification achieves substantially better overall
fit, motivating its estimation in Section 3.5.

Table 4. Comparative goodness-of-fit statistics for estimated discrete choice model specifications.

Model LogLik AIC McFadden R?
Full MNL —14,333.34 28,686.68 0.0090
Reduced MNL —14,333.84 28,683.68 0.0090
Parsimonious MNL —14,354.42 28,722.84 0.0075
Mixed Logit —14,224.92 28,471.84 0.0165

Note: LogLik = log-likelihood at convergence; AIC = Akaike Information Criterion; McFadden R? = pseudo-R.
Lower AIC values indicate better relative model fit.

As shown in Table 3, the estimated coefficients exhibited signs consistent with random
utility theory. Higher parking costs, longer walking distances, and greater parking search
times significantly reduced the probability of selecting a parking alternative. Conversely,
higher perceived security levels increased parking utility. The negative coefficient asso-
ciated with surveillance suggests that respondents may perceive intensive surveillance
measures as inconvenient or restrictive under certain parking contexts.

The alternative-specific constants (ASCs) also revealed systematic preference patterns
(Table 3). Private parking exhibited a positive ASC, indicating a baseline preference for
formal private facilities relative to the reference alternative. In contrast, irregular parking
and abandoning car use displayed strongly negative ASCs, suggesting lower intrinsic
utility among Ecuadorian drivers.

The comparative fit statistics in Table 4 confirm that the Reduced MNL specification
achieves the best performance among MNL alternatives, while the Mixed Logit model
substantially outperforms all MNL specifications by 211.84 AIC points. This systematic
improvement justifies the estimation of a Mixed Logit model to account for preference
heterogeneity, as detailed in Section 3.5.

3.4. Willingness-to-Pay Estimates

The willingness-to-pay (WTP) analysis derived from the reduced MNL model indi-
cated that respondents were willing to pay approximately USD 0.64 to reduce walking
distance by 100 m and USD 0.69 to reduce parking search time by 10 min (Table 5).
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Table 5. National willingness-to-pay estimates derived from the reduced Multinomial Logit model.

Attribute WTP (USD) SE 95% CI
100 m less walking distance —0.640 0.087 [—0.811, —0.469]
10 min less search time —0.687 0.127 [—0.936, —0.439]
1-level security 1.044 0.290 [0.475, 1.613]
improvement
I-level surveillance ~0.616 0.241 [—1.088, —0.144]
improvement

Note: WTP values are expressed in USD and were calculated using marginal rate-of-substitution estimates.
Confidence intervals were obtained using the delta method.

Security improvements generated positive WIP values exceeding USD 1.00 per
security-level increase, whereas surveillance improvements exhibited a negative WP
value of —USD 0.616 per level of increased monitoring. This counterintuitive finding
warrants deeper interpretation. Several complementary explanations may account for
this result. First, in contexts with historically weak institutional trust and perceived over-
enforcement, drivers may associate increased surveillance with higher probabilities of
receiving fines or having their behavior scrutinized, generating disutility that outweighs
the perceived safety benefit of greater oversight [27]. Second, the negative valuation may re-
flect a distinction between passive security (physical barriers, lighting, attendants)—which
respondents valued positively—and active electronic monitoring, which may be perceived
as intrusive or penalizing rather than protective. Third, a confusion between security and
surveillance as constructs in the survey instrument cannot be fully ruled out, given that
both concepts relate to parking environment safety but differ in their behavioral impli-
cations. These findings are consistent with evidence from other enforcement-sensitive
transport contexts where increased visible policing or monitoring generates compliance at
the cost of perceived freedom and comfort [5,27]. The negative coefficient for surveillance
was statistically significant in both MNL and Mixed Logit specifications, suggesting this
pattern is robust rather than incidental. Parking policy interventions aimed at improving
safety should therefore carefully distinguish between security infrastructure investments,
which generate positive user valuation, and punitive or surveillance-oriented measures,
which may reduce parking utility and user acceptance.

Substantial heterogeneity emerged across cities regarding cost sensitivity and WTP esti-
mates (Figures 4 and 5). Several intermediate cities exhibited stronger marginal sensitivities
to walking distance and parking costs than larger metropolitan areas. However, confi-
dence intervals overlapped considerably for some cities due to smaller local sample sizes.
Figure 4 illustrates the variation in parking cost sensitivity coefficients across cities, while
Figure 5 presents the corresponding WTP estimates for reductions in walking distance.

Although formal pairwise tests of coefficient equality were not conducted due to
sample size constraints in smaller cities, the non-overlapping confidence intervals observed
for Tulcan and El Coca relative to the national estimate suggest statistically meaningful
behavioral differences in these urban contexts.

The stated maximum WTP for a two-hour parking session averaged USD 1.71, with
notable variation across income groups (Table 6). High-income respondents reported the
highest mean maximum WTP (USD 2.59), while low-income respondents reported a mean
value of USD 1.58. These findings suggest the existence of income-related disparities in
parking affordability and tolerance for parking costs.
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Figure 4. City-level parking cost sensitivity coefficients estimated from stratified Multinomial Logit
models. Points represent estimated cost coefficients, horizontal bars indicate 95% confidence intervals,
and the national pooled estimate is shown as a reference benchmark.
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Figure 5. City-level willingness-to-pay estimates for a 100-m reduction in walking distance to the
final destination. Points represent estimated WTP values derived from stratified Multinomial Logit
models, horizontal bars show 95% confidence intervals, and the national pooled estimate is included

for comparison.

The distribution of maximum stated WTP also varied substantially across cities, as
illustrated in Figure 6. Some urban areas displayed more concentrated distributions around
lower WTP values, whereas others exhibited broader distributions with higher upper tails,
indicating greater heterogeneity in parking expenditure tolerance.
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Figure 6. Kernel density distribution of maximum stated willingness to pay for a two-hour parking
session by city. The figure illustrates differences in the distribution and dispersion of parking
expenditure tolerance across urban contexts.

Table 6. Maximum stated willingness to pay for a two-hour parking session by income group.

Income Group n Mean (USD) Median SD
High income 22 2.59 2.00 1.01
Middle income 461 2.14 2.00 1.32
Low income 1587 1.58 1.00 1.07

Note: WTP values are expressed in USD for a two-hour parking session. Income categories are based on monthly
household income.

3.5. Mixed Logit Model and Preference Heterogeneity

The Mixed Logit model substantially improved model performance relative to all MNL
specifications, as previously indicated in Table 4. The model achieved a log-likelihood of
—14,224.92 and an AIC of 28,471.84, outperforming the reduced MNL model by 211.84 AIC
points. The McFadden pseudo-R? of 0.0165 represents a near doubling of explanatory
performance relative to the MNL baseline (Table 7).

Table 7. Mixed Logit model estimates and random-parameter standard deviations.

Variable B SE p-Value
Walking distance —0.0011 0.0001 <0.001
Parking cost —0.1662 0.0288 <0.001
Search time —0.0101 0.0017 <0.001
Security score 0.1421 0.0400 <0.001
Surveillance score —0.1073 0.0381 0.005
SD cost 0.4533 0.0280 <0.001
SD search time 0.0001 0.0034 0.968
SD security 0.2922 0.0534 <0.001

Note: SD parameters indicate estimated standard deviations of random coefficients. Statistically significant SD
estimates indicate unobserved heterogeneity in preferences across respondents.

As shown in Table 7, the estimated coefficients maintained signs consistent with the

MNL specifications and random utility theory expectations. Higher parking costs, longer
walking distances, and increased search times significantly reduced the probability of se-
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lecting a parking alternative, while higher perceived security increased utility. Surveillance
conditions continued to exhibit a negative effect on parking utility.

Significant standard deviations for parking cost and security parameters confirmed
the existence of unobserved heterogeneity among respondents (Table 7). In contrast, the
standard deviation associated with search time was not statistically significant, suggesting
more homogeneous preferences regarding parking search duration. The relatively large
standard deviation estimated for parking cost (SD = 0.4533) indicates substantial variation
in price sensitivity across individuals, whereas the heterogeneity observed for security
perceptions (SD = 0.2922) suggests that users value safety conditions differently depending
on their personal or contextual characteristics.

The Hausman-McFadden test further indicated violation of the Independence of
Irrelevant Alternatives (ITA) assumption (x? = 67.368, p < 0.001), providing additional
statistical justification for the Mixed Logit specification over the standard MNL model.

3.6. Technology Adoption and Spatial Moderation

Technology adoption remained relatively limited across the sample. Only 18.4% of
respondents reported current use of parking mobile applications, although willingness to
adopt advance reservation systems exceeded 75% across most income groups and cities
(Table 8 and Figure 7). App adoption rates were highest in Guayaquil (33.7%) and Gualaceo
(27.3%), whereas Gonzanama and Tulcdn exhibited the lowest adoption levels.

Technology . App usage Reserve system WTP
81.8%
79%
75 75.9%
2]
<
=1
v
T 50
=
o
@
v
E=1
32
25 4 22.7%
. . ]8%
0 . L
High (>USD 4000) Low (<USD 1500) Middle (<USD 1500 — 4000)

Income group (USD/month)

Figure 7. Parking mobile application use and willingness to use an advance reservation system by
household income group. Percentages indicate the share of respondents in each income category
reporting current app use or willingness to adopt reservation-based parking services.

Table 8. Parking technology adoption indicators by household income group.

Reservation Willingness

Income Group Parking App Use (%) (%)
High income 22.7 81.8
Middle income 18.0 79.0
Low income 18.8 759

Note: Values represent the percentage of respondents in each income group reporting current mobile parking
application use and willingness to use an advance parking reservation system.

Spatial analyses further demonstrated that parking choices varied according to resi-
dential and workplace contexts (Table 9 and Figure 8). Respondents residing in suburban
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and peripheral residential areas showed higher probabilities of selecting regulated parking
alternatives, whereas respondents living in consolidated urban zones exhibited greater use
of private parking facilities. In contrast, irregular parking and the decision to leave the
car were comparatively more frequent among respondents living in suburban areas, sug-
gesting that parking availability, urban density, and accessibility conditions may influence
parking-related decision-making.

Table 9. Stated parking choice distribution by residential zone typology.

Residential Zone Regulated Private Irregular Leave Car
Historic/commercial center 35.1 49.0 3.7 12.3
Consolidated residential 33.1 51.2 42 11.5
Peripheral residential 42.6 42.6 3.4 114
Suburban 442 34.2 7.0 14.6
Rural near city 42.6 39.5 4.0 13.9

Note: Values are percentages within each residential zone. Parking alternatives correspond to the options
presented in the stated preference experiment.

Alternative Irregular Leave car . Private . Regulated

100
7%

1% 12% 11% 14%
15%

75

50

Proportion (%)

25

Consolidated Historic/commercial ~ Peripheral residential ~ Rural near city Suburban
residential (n=697) center (n=303) (n=537) (n=313) (n=300)

Residence zone

Figure 8. Distribution of stated parking choices by residential zone typology. Stacked bars show the
proportion of respondents selecting regulated parking, private parking, irregular parking, or leaving
the car for each residential context.

3.7. Attitudinal Structure and Behavioral Perceptions

Attitudinal indicators revealed moderate agreement regarding the necessity of park-
ing regulation and the perceived insufficiency of urban parking infrastructure (Table 10).
Respondents generally agreed that they would be willing to pay more for parking if the
facility were located closer to their destination and expressed a preference for private
parking facilities despite their higher associated costs. Likewise, respondents reported
moderate agreement with the statement that they would reduce private vehicle use if public
transportation services improved, suggesting potential openness toward more sustainable
mobility alternatives.

Factor analyses further suggested the existence of latent attitudinal dimensions associ-
ated with payment willingness, infrastructure concern, and skepticism toward enforcement
policies. The extracted factors indicated that parking-related decisions were influenced
not only by observable parking attributes, but also by underlying perceptions regarding
convenience, fairness, and urban mobility conditions. These attitudinal structures ex-

https://doi.org/10.3390 /urbansci10070371


https://doi.org/10.3390/urbansci10070371

Urban Sci. 2026, 10, 371

18 of 28

Mean factor score (standardized)

0.75 1

0.50 1

0.25 1

0.00 1

-0.25 1

-0.50

hibited substantial variation across cities, reflecting differences in local parking systems,
enforcement intensity, and urban development patterns (Figure 9).

Attitudinal factor . Enforcement skepticism Infrastructure concern . Payment willingness

Cuenca  Gonzanama Gualaceo Guayaquil Jipijapa  Latacunga Loja Macas El Coca Quito Suctia Tulcan

Studied cities

Figure 9. Mean standardized attitudinal factor scores by city. The factors summarize latent dimensions
related to payment willingness, infrastructure concern, and enforcement skepticism, derived from
the principal component analysis of attitudinal indicators.

Table 10. Descriptive statistics for the main attitudinal indicators related to parking management.

Statement Mean SD

Parking fines are fair and necessary 3.60 1.06
Willing to pay more if parking is closer 3.73 0.98
Prefer private parking despite higher cost 3.77 1.00
Parking infrastructure is insufficient 3.66 0.96
Would leave the car if public transport improved 3.74 1.02

Note: Attitudinal responses were measured using a Likert-type scale, with higher values indicating stronger
agreement with each statement.

4. Discussion
4.1. Parking Choice Determinants and Behavioral Interpretation

The findings of this study confirm that parking choice behavior in Ecuadorian cities
is primarily influenced by generalized parking costs, including monetary cost, walking
distance, and parking search time. The negative and statistically significant coefficients
associated with these attributes are consistent with Random Utility Theory [7] and align
with previous parking choice studies conducted in Europe, North America, and Asia,
where users systematically prefer parking alternatives that minimize access impedance
and uncertainty [4,9,10]. The estimated sensitivity to parking costs also corroborates
findings reported in Latin American urban contexts, where parking pricing remains a
critical determinant of modal and destination decisions due to lower household purchasing
power and high transport expenditure burdens [12].

Walking distance emerged as one of the most stable predictors across both national
and city-level models, suggesting that pedestrian accessibility remains a fundamental
component of parking utility regardless of city size or geographic region. This finding is
coherent with studies indicating that drivers often perceive walking time as more burden-
some than in-vehicle travel time, particularly in environments with inadequate pedestrian
infrastructure or perceived safety concerns [4,5]. In the Ecuadorian context, this sensitivity
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may be amplified by fragmented urban development patterns, limited sidewalk quality,
and climatic conditions that discourage longer walking distances between parking locations
and final destinations [13].

Parking search time also exerted a negative effect on parking utility, although the
magnitude of the coefficient was lower than that of direct monetary costs. This result
supports previous evidence showing that uncertainty and cruising behavior generate both
psychological and operational disutility for drivers [2,3]. The average reported search time
exceeded 13 min, suggesting relatively inefficient parking allocation conditions in several
Ecuadorian cities. From a transportation policy perspective, these findings reinforce the
importance of demand management strategies and real-time parking information systems
capable of reducing cruising time and improving network efficiency [28,29].

The positive valuation of security conditions indicates that users are willing to pay for
safer parking environments, particularly in contexts where vehicle theft or vandalism risk
is perceived as relevant [13]. Interestingly, surveillance-related variables exhibited negative
utility effects in the national models. One possible explanation is that intensive surveillance
measures may be associated with stricter enforcement, greater perceived restrictions, or
reduced flexibility in parking behavior. Similar paradoxical findings have been reported in
studies where enforcement visibility increases perceived inconvenience despite improving
formal compliance [5,27].

4.2. Inter-City Heterogeneity and Transferability of Parking Preferences

One of the principal contributions of this study lies in the identification of substantial
inter-city heterogeneity in parking preferences across Ecuadorian urban contexts. Although
the national pooled model revealed consistent directional effects for the principal parking
attributes, city-specific models demonstrated considerable variation in coefficient mag-
nitude, statistical significance, and willingness-to-pay estimates. These findings suggest
that parking behavior cannot be assumed to be fully transferable between Ecuadorian
cities, even within the same national context [18,30]. Similar findings have been reported
in recent studies conducted in Asia and South Asia, where substantial variations in park-
ing preferences and willingness-to-pay values were observed across cities with different
demographic, economic, and land-use characteristics. These results suggest that locally
calibrated parking policies are generally more effective than adopting uniform parking
management strategies across diverse urban contexts [14,15].

Intermediate and smaller cities such as Gualaceo, El Coca, and Jipijapa exhibited
stronger sensitivity to parking costs than some larger metropolitan areas. This pattern may
reflect differences in household income levels, parking supply conditions, urban density, or
cultural attitudes toward parking regulation. In contrast, larger cities such as Guayaquil
displayed lower statistical sensitivity to certain parking attributes, potentially due to greater
adaptation to congestion, parking scarcity, and diversified parking supply structures. These
results are particularly relevant because much of the existing parking choice literature has
focused predominantly on large metropolitan environments, while intermediate cities in
developing countries remain underrepresented [11].

The heterogeneity observed across cities also has important methodological impli-
cations. The confidence intervals associated with several city-level willingness-to-pay
estimates revealed limited parameter stability in smaller samples, suggesting that local cali-
bration remains essential when designing parking pricing policies or simulation models [6].
Consequently, transferring parking demand parameters between cities without contextual
adjustment may generate biased forecasts and inefficient policy recommendations. This
issue is especially relevant in Latin American countries characterized by high territorial
diversity and uneven urban development trajectories [31].
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4.3. Willingness-to-Pay and Equity Implications

The willingness-to-pay estimates indicate that Ecuadorian drivers attribute positive
economic value to reductions in walking distance and parking search time, as well as to
improvements in parking security conditions. The observed WTP values are generally
lower than those reported in high-income countries [4], which is expected given Ecuador’s
lower average income levels and different urban mobility structures. The strong sensitivity
observed for parking search time is consistent with recent evidence demonstrating that
parking search behavior constitutes a significant component of perceived travel burden
and plays a central role in parking location decisions within congested urban environ-
ments [32]. Nevertheless, the relative importance assigned to accessibility and security
attributes demonstrates that users are not exclusively price-oriented and may support
quality improvements under appropriate pricing conditions [17].

The income-segmented analyses revealed important distributive implications for
parking policy. Lower-income respondents exhibited stronger sensitivity to parking prices
than middle-income groups, indicating that uniform tariff increases may disproportionately
affect economically vulnerable users. This finding is consistent with broader transportation
equity literature showing that pricing-based demand management strategies can produce
regressive impacts if socioeconomic heterogeneity is ignored [27,28,33]. Therefore, parking
policies based exclusively on generalized pricing mechanisms may generate unintended
accessibility inequalities, particularly in cities with limited public transport alternatives.
Recent evidence indicates that willingness-to-pay for parking improvements is strongly
associated with income level, travel purpose, and user perceptions of convenience and
security, raising important equity considerations for the design of parking pricing policies
and parking management interventions [34].

At the same time, the relatively high willingness to adopt reservation systems and
digital parking technologies suggests that smart parking strategies could improve efficiency
without relying solely on tariff escalation [11]. However, the current adoption rate of
parking applications remains relatively low, indicating that technological diffusion in
Ecuadorian cities is still incipient. This gap between willingness and actual adoption may
be explained by limited digital integration of parking systems, low interoperability between
municipalities and private operators, or insufficient trust in digital payment platforms [13].

The empirical results of this study suggest several targeted strategies to bridge the
gap between stated willingness and actual adoption. First, the high WTP for reductions
in parking search time (USD 0.69 per 10 min) indicates that real-time parking availability
information—delivered through mobile applications or variable message signs—would
address a primary behavioral pain point and may translate stated willingness into actual
digital adoption. In European contexts, values range from EUR 1.20 to EUR 3.50 per 100 m
reduction in walking distance [4,5]. Providing tangible, immediate utility through informa-
tion accessibility represents a low-barrier entry point for technology uptake. Second, the
income-stratified analyses show that low-income users exhibit strong willingness to adopt
reservation systems (75.9%) despite limited current use, suggesting that adoption barriers
are structural rather than attitudinal. Reducing or eliminating data costs, offering simpli-
fied interfaces, and ensuring compatibility with low-cost smartphones could substantially
lower technological access barriers in this segment. Third, the spatial analyses indicate that
respondents from peripheral and suburban zones show distinct parking preferences; geo-
graphically differentiated technology deployment strategies—prioritizing areas of highest
parking scarcity and demand uncertainty—could maximize adoption efficiency. Finally, the
positive WTP for security improvements suggests that integrating safety-related features
(e.g., lighting status, occupancy verification, user ratings) into digital parking platforms
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could enhance perceived value and accelerate adoption beyond the purely transactional
functions currently available in most parking applications.

4.4. Mixed Logit Performance and Preference Heterogeneity

The Mixed Logit specification substantially improved model performance relative to
the traditional Multinomial Logit models, confirming the existence of unobserved pref-
erence heterogeneity among respondents. The significant standard deviations associated
with parking cost and security parameters indicate that individuals do not value parking
attributes uniformly [35,36]. Such heterogeneity is theoretically consistent with the diver-
sity of socioeconomic conditions, travel purposes, and urban environments represented in
the national sample [4,18].

The violation of the Independence of Irrelevant Alternatives (IIA) assumption further
supports the superiority of the Mixed Logit approach for modeling parking choice behav-
ior in complex urban systems. The MNL framework assumes proportional substitution
patterns between alternatives, an assumption that is often unrealistic in transportation
behavior contexts where parking alternatives may share correlated unobserved characteris-
tics [6,7]. By relaxing this assumption, the Mixed Logit model captured a broader range of
behavioral variability and produced better overall fit indicators [5,9].

Despite the improved performance of the Mixed Logit model, the pseudo-R? values
remained relatively modest. This outcome is common in disaggregate choice models involv-
ing heterogeneous behavioral processes and large-scale SP datasets [8]. Parking decisions
are influenced not only by observable attributes but also by latent psychological factors,
habitual behavior, contextual trip constraints, and real-time environmental conditions that
are difficult to capture in cross-sectional survey instruments. Consequently, relatively low
pseudo-R? values should not necessarily be interpreted as evidence of poor explanatory
validity [6].

4.5. Technology Adoption and Spatial Context

The technology adoption results reveal that Ecuadorian cities may be approaching a
transitional stage toward digital parking management systems. Although current parking
application usage remains limited, the strong willingness to adopt reservation systems
suggests latent acceptance of smart parking technologies among urban drivers [11]. This
finding is particularly relevant for medium-sized cities, where digital parking manage-
ment remains largely underdeveloped compared to major metropolitan areas [28]. This
discrepancy between current adoption levels and future willingness to use smart parking
technologies has also been identified in recent research. Concerns regarding platform
reliability, information accuracy, reservation certainty, and trust in digital systems often
slow adoption despite generally positive attitudes toward smart parking services [37]. Fur-
thermore, behaviorally informed parking reservation systems have been shown to improve
parking allocation efficiency while supporting dynamic pricing mechanisms that reduce
search time and improve parking utilization rates in dense urban environments [16].

The spatial analyses also demonstrated that parking choices vary according to residen-
tial and workplace urban typologies. Respondents residing in peripheral and suburban
areas exhibited different parking preferences than those living in consolidated urban cen-
ters. These differences likely reflect variations in public transport accessibility, land-use
density, vehicle dependence, and parking supply availability. Similar spatial moderation ef-
fects have been identified in urban form literature, where built environment characteristics
systematically influence travel behavior and parking demand patterns [38].

The observed relationship between urban structure and parking behavior reinforces
the importance of context-sensitive parking policies. Uniform parking management strate-
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gies may be ineffective when applied across heterogeneous urban zones with distinct
mobility patterns and accessibility conditions [27,39,40]. Therefore, differentiated pricing
structures, localized parking regulations, and geographically adaptive digital systems may
be more appropriate for Ecuadorian urban environments.

Recent developments in smart parking systems increasingly combine reservation
platforms, mobile applications, real-time occupancy detection, and predictive analytics to
improve parking allocation and user experience. These technologies have demonstrated
considerable potential for reducing cruising traffic and enhancing parking efficiency when
integrated within broader urban mobility strategies [41].

4.6. Study Limitations and Future Research

Several limitations should be acknowledged when interpreting the results of this study.
First, the research relied on cross-sectional survey data collected during a specific time
period, which limits the ability to evaluate temporal changes in parking behavior or causal
dynamics. Longitudinal analyses would be necessary to examine how parking preferences
evolve in response to policy interventions, economic fluctuations, or technological adoption.

Second, although the stated preference experiment incorporated revealed preference
validation, SP methods remain susceptible to hypothetical bias [8]. Respondents may
express preferences under hypothetical conditions that differ from their actual behavior in
real-world settings. Nevertheless, the relatively consistent distributions between SP and
RP choices suggest acceptable convergent validity within the present study [11].

A further limitation concerns the potential influence of sample composition on the
WTP estimates. The sample is concentrated among respondents aged 25-44 (65.3%) and low-
income earners (73.8%), which may systematically affect the direction and magnitude of
willingness-to-pay values. Younger, economically active individuals typically exhibit higher
time sensitivity and stronger preferences for digital parking solutions, which could lead to
an overestimation of WTP for search time reductions relative to broader driver populations.
Conversely, the predominance of low-income respondents may suppress WTP estimates
for monetary cost attributes, producing values that underestimate the average WTP among
higher-income segments of the driver population. Future research incorporating quota-
based sampling by age and income group would allow more precise calibration of WTP
heterogeneity and improve the generalizability of the estimated parameters.

Third, despite the national scope of the dataset, some cities retained relatively modest
sample sizes after the cleaning procedures, which may have affected parameter stability in
stratified estimations [6]. It is important to clarify, however, that the students involved in
data collection served exclusively as field enumerators—they recruited participants and
administered the survey—and did not themselves constitute the respondent population.
The study targeted active drivers encountered in public urban spaces across each city.
Nevertheless, the use of student enumerators may have introduced proximity bias if
recruiters preferentially approached individuals within familiar social or demographic
circles. To mitigate this risk, participating students received standardized training on
random participant recruitment protocols, including explicit instructions to approach
individuals across different age groups, genders, and apparent socioeconomic profiles.
Future studies should consider complementing this approach with quota-based sampling
or stratified random sampling frameworks to ensure more systematic representativeness of
the driver population across age, income, and vehicle ownership dimensions.

Finally, the latent class models could not be successfully estimated due to specification
constraints related to class probability variables. Consequently, the study could not fully
explore latent behavioral segmentation structures beyond the Mixed Logit framework.
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Future research should expand the analytical framework developed in this study
through longitudinal and panel-data approaches capable of capturing temporal dynamics
in parking behavior. Repeated observations over time would allow researchers to evaluate
behavioral adaptation following parking pricing reforms, technological implementation,
or broader mobility policy changes. Additional research is also needed to examine the
interaction between parking behavior and emerging mobility systems, including shared
mobility services, electric vehicle infrastructure, and integrated smart-city platforms. In
particular, future studies could investigate whether digital parking management systems
effectively reduce cruising behavior and congestion in intermediate Latin American cities.

Further methodological developments may include hybrid choice models integrat-
ing latent attitudinal variables, as well as advanced latent class specifications capable of
identifying distinct behavioral segments within heterogeneous urban populations. Such
approaches could improve explanatory performance and provide more nuanced insights
into parking demand structures. Finally, comparative studies across Latin American coun-
tries would contribute to evaluating the transferability of parking demand parameters and
identifying regional similarities and differences in parking behavior. Given the scarcity of
large-scale parking choice studies in developing-country intermediate cities, the framework
applied in this research may serve as a methodological basis for future multicity analyses
throughout the region.

5. Differentiated Parking Policy Proposals for Ecuadorian Cities

The empirical findings of this study—including city-level cost sensitivity coefficients,
willingness-to-pay (WTP) estimates, income distributions, technology adoption rates, and
attitudinal indicators—provide a sufficient behavioral basis to formulate differentiated,
evidence-based parking policy recommendations for Ecuadorian cities. Rather than propos-
ing uniform national tariff structures, this section presents city-group-specific proposals
that reflect the heterogeneous parking conditions, user profiles, and institutional capacities
identified across the 12 cities analyzed. The cities are organized into three policy tiers
based on population size, urban density, observed cost sensitivity, and WTP levels: (i) large
metropolitan cities, (ii) intermediate cities, and (iii) small and Amazonian cities.

5.1. Large Metropolitan Cities: Quito and Guayaquil

Quito and Guayaquil represent Ecuador’s two largest urban centers, with populations
of approximately 1.8 million and 2.7 million inhabitants, respectively. These cities are char-
acterized by higher levels of motorization, greater parking scarcity in central commercial
districts, more diversified formal parking supply, and relatively higher household income
levels compared to the national average. The city-level models revealed lower marginal
cost sensitivity in these metropolitan contexts, consistent with greater adaptation to parking
expenditure and a more heterogeneous supply structure.

For these cities, the following parking tariff and policy framework is proposed:

On-street regulated parking in high-demand central zones should be priced at USD
0.75-1.00 per hour, reflecting current market rates and the lower price elasticity observed
in metropolitan respondents. This range exceeds the national average stated WTP for short-
duration parking sessions and is consistent with the higher maximum WTP reported by
middle- and high-income respondents in these cities (mean maximum WTP for a two-hour
session: approximately USD 2.00-2.60). A progressive tariff structure—with lower rates
for the first 30 min and increasing rates for sessions exceeding 90 min—would incentivize
turnover in high-demand zones without disproportionately penalizing short-stay users.

Private off-street parking facilities should be encouraged to maintain market-
competitive rates of USD 0.80-1.20 per hour, supported by municipal zoning policies

https://doi.org/10.3390 /urbanscil0070371


https://doi.org/10.3390/urbansci10070371

Urban Sci. 2026, 10, 371

24 of 28

that prevent below-cost informal alternatives from undercutting formal supply. Given the
high willingness to adopt digital reservation systems in both cities (Guayaquil exhibited
the highest parking application usage at 33.7%), integration of real-time occupancy data
and mobile pre-booking platforms should be prioritized as near-term infrastructure invest-
ments. A parking guidance information system (PGIS) connected to variable message signs
on primary access corridors would directly address the high search times reported in these
cities and generate efficiency gains consistent with the WTP for search time reductions
(USD 0.69 per 10 min nationally).

Enforcement should be strengthened through automated license plate recognition
systems, given the attitudinal evidence showing moderate enforcement sensitivity and the
negative relationship between perceived surveillance and utility. Enforcement mechanisms
should be framed as facilitators of availability rather than punitive tools, to minimize user
resistance while improving formal parking compliance.

5.2. Intermediate Cities: Cuenca, Loja, Latacunga, and Tulcdn

Cuenca, Loja, Latacunga, and Tulcan represent Ecuador’s principal intermediate cities,
with populations ranging from approximately 50,000 to 400,000 inhabitants. These cities
exhibit active commercial cores, growing motorization rates, and emerging parking scarcity
in central zones, but operate under more limited institutional capacity for enforcement
and technology deployment than the major metropolitan areas. City-level models revealed
moderate-to-high cost sensitivity in these contexts, with Tulcdn in particular exhibiting
among the strongest price sensitivity coefficients in the national sample.

For intermediate cities, the following framework is proposed:

On-street regulated parking in central commercial zones should be priced at
USD 0.40-0.60 per hour, calibrated to the lower average WTP and higher cost sensitiv-
ity observed in these urban contexts. In Loja and Cuenca—cities with established parking
regulation systems—existing tariff structures can be incrementally adjusted toward the up-
per end of this range, contingent on measurable improvements in parking availability and
enforcement consistency. In Tulcan, given the particularly high cost sensitivity documented
in the city-level model, tariff increases should be introduced gradually and accompanied
by compensatory measures such as extended free parking grace periods (15-20 min) or
subsidized rates for low-income resident permit holders.

Time-limited parking zones (maximum 60-90 min) should be established in the im-
mediate vicinity of commercial and administrative centers to improve turnover without
relying exclusively on price signals. Parking supply audits are recommended for Loja,
Latacunga, and Tulcédn to establish accurate baselines for on-street supply, informal oc-
cupation rates, and average search times—data necessary for calibrating local demand
management interventions.

Technology adoption strategies in intermediate cities should prioritize low-cost, low-
barrier digital solutions: QR-code-based payment systems, SMS confirmation of parking
duration, and integration with existing municipal mobile applications are preferred over
high-investment smart sensor infrastructure in the near term. The relatively high stated
willingness to adopt reservation systems in these cities (above 70% across income groups)
suggests favorable conditions for incremental digital transition.

5.3. Small and Amazonian Cities: El Coca, [ipijapa, Macas, Gualaceo, Suciia, and Gonzanamd

The smaller cities in the analytical sample—including Amazonian cities such as El
Coca, Macas, and Suctia, as well as smaller highland and coastal centers such as Jipijapa,
Gualaceo, and Gonzanaméd—present distinct parking management realities. These cities
have lower urban densities, smaller commercial cores, limited formal off-street parking sup-
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ply, and predominantly low-income populations. Population sizes range from fewer than
3000 inhabitants in Gonzanama to approximately 50,000 in El Coca, reflecting substantial
variability even within this group.

For these cities, the following framework is recommended:

Formal on-street parking regulation, where currently absent, should be introduced at
USD 0.25-0.40 per hour in the immediate commercial core—a range consistent with the
lower WTP values observed in smaller urban centers and the higher income vulnerability of
the local population. In Gonzanama and Suctia, where parking scarcity remains emergent
rather than critical, the immediate priority should be the demarcation of regulated parking
zones and the establishment of clear signage and time limits, rather than tariff implemen-
tation. A phased approach—beginning with physical organization and time restriction
before introducing pricing—is more appropriate given the low institutional enforcement
capacity and limited formal parking culture in these contexts.

In Amazonian cities such as El Coca and Macas, specific attention should be given to
the intersection of parking demand with freight and commercial vehicle activity, which
generates distinct parking pressure patterns that differ from those of highland intermediate
cities. Mixed-use loading and short-stay zones adjacent to commercial areas may be more
effective than pure passenger parking regulation in these contexts.

Digital parking technology deployment in small and Amazonian cities should be
deferred until baseline regulatory frameworks are consolidated and urban mobility data
infrastructure is minimally established. The low observed parking application usage in
Gonzanamd and Tulcdn suggests that premature technology mandates would face adoption
barriers that cannot be resolved through information campaigns alone. Investment in basic
parking data collection—occupancy counts, search time monitoring, and informal parking
mapping—constitutes the appropriate immediate step to build the evidence base for future
policy decisions.

5.4. Cross-Cutting Policy Recommendations

Beyond the city-group-specific proposals, several cross-cutting recommendations
apply to the national parking policy framework in Ecuador:

Revenue allocation for parking reinvestment. Parking tariff revenues in all city tiers
should be earmarked, at least partially, for pedestrian infrastructure improvements, parking
supply expansion in underserved zones, and public transport integration measures. This
revenue-recycling principle increases political acceptability of pricing reforms and directly
addresses the WTP for walking distance reductions documented across the national sample.

Income-differentiated permit systems. Given the strong income stratification in WTP
values—with low-income respondents reporting a mean maximum WTP of USD 1.58 for a
two-hour session compared to USD 2.59 for high-income users—resident parking permit
systems with income-tiered pricing are recommended in all cities where residential on-street
parking pressure is significant. This mechanism preserves mobility access for economically
vulnerable populations while generating revenue from higher-income users with greater
payment capacity.

Security as a value driver. The positive WTP for security improvements (USD 1.04 per
security-level increase nationally) indicates that investment in lighting, physical barriers,
attendant presence, and parking facility certification programs can function as demand
management tools, shifting users from informal to formal parking alternatives without
requiring tariff increases. This strategy is particularly relevant in intermediate and smaller
cities where enforcement capacity is limited but security perceptions significantly influence
parking choice.

https://doi.org/10.3390 /urbanscil0070371


https://doi.org/10.3390/urbansci10070371

Urban Sci. 2026, 10, 371

26 of 28

National parking data observatory. The inter-city heterogeneity identified in this study
underscores the importance of establishing a national parking monitoring system capable
of tracking occupancy rates, tariff levels, enforcement intensity, and technology adoption
across Ecuadorian cities over time. Such an observatory would provide the longitudinal
data necessary to evaluate the effectiveness of differentiated policies and recalibrate local
demand models as urban conditions evolve.

Nevertheless, successful implementation of smart parking initiatives requires more
than technological deployment alone. Institutional coordination, data governance, long-
term maintenance capacity, and organizational readiness remain critical determinants of
implementation success, particularly in resource-constrained urban environments [42].

6. Conclusions

This study analyzed parking choice behavior across 12 Ecuadorian cities using a
nationally distributed SP experiment combined with RP validation and discrete choice
modeling. The results confirmed that parking cost, walking distance, and search time
consistently reduce parking utility across urban contexts, while security improvements
increase the probability of selecting formal parking alternatives. The Mixed Logit specifi-
cation outperformed MNL models by 211.84 AIC points, revealing significant preference
heterogeneity in cost and security valuations that cannot be captured by standard logit
approaches. The inter-city analyses demonstrated that parking preferences are not fully
transferable across Ecuadorian urban environments, with intermediate cities such as Tulcan
and Gualaceo exhibiting stronger cost sensitivity than larger metropolitan areas. These
findings have direct implications for parking pricing policy: uniform national tariff struc-
tures may be inadequate, and locally calibrated demand models are necessary for efficient
and equitable parking management. The income-segmented WTP estimates further indi-
cate that price-based parking management strategies carry equity risks if applied without
socioeconomic differentiation. At the same time, the high willingness to adopt digital
reservation systems (>75%) suggests that smart parking technologies represent a viable
demand management complement in cities where tariff increases may generate regressive
distributional effects. Taken together, these findings lead directly to a set of practical rec-
ommendations that are grounded in the behavioral evidence generated by this study. The
demonstrated sensitivity to parking costs and search times supports the implementation
of demand-responsive pricing mechanisms and real-time parking information systems as
primary policy instruments. The documented income heterogeneity in WTP calls for differ-
entiated tariff structures—with reduced rates or protected access options for low-income
drivers—to prevent parking pricing reforms from generating regressive distributional
effects. The strong latent demand for smart parking technologies, combined with the low
current adoption rate, points to the need for institutional investment in interoperable digital
infrastructure, simplified mobile interfaces, and spatially targeted deployment strategies
rather than uniform technology rollouts. Finally, the inter-city variability in behavioral
parameters reinforces the importance of locally calibrated demand models over generic
national standards: what constitutes an effective parking policy in Guayaquil may be
poorly suited to an intermediate city such as Tulcdn or Gonzanamd. This research provides
a scalable analytical framework for evidence-based parking demand assessment in inter-
mediate Latin American cities, contributing empirical results from an underrepresented
regional context. Future work should incorporate longitudinal panel data, latent class
specifications, and cross-country comparisons to further evaluate the behavioral dynamics
and policy transferability of parking demand across the region.
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