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ABSTRACT

Geographic Information Systems (GIS) have become essential tools for tourism planning and
management, enabling spatial analysis and advanced data visualization. This study adopts a data-driven
approach to forecast and interpret regional tourism flows in Albania by integrating GIS techniques with
statistical time series modelling. The spatial component involves mapping tourism activity across three
macro-regions North, Centre, and South while distinguishing between coastal and non-coastal zones
using official data from the Albanian Institute of Statistics (INSTAT). To complement the spatial
analysis, the study introduces a temporal dimension using a matrix-style visualization that highlights
seasonal tourism trends throughout 2024, and applies the ARIMA (AutoRegressive Integrated Moving
Average) model to generate regional forecasts for 2025. This combination of spatial and temporal
methods enables a more comprehensive understanding of tourism dynamics, revealing both geographic
concentration and predictive seasonal patterns. The findings underscore the dominance of the Central
Region, the growing potential of the North, and the strong seasonal pressure on coastal areas during
peak months. By integrating GIS, heatmaps, and ARIMA forecasts, the study provides a strategic
framework for sustainable tourism development and more informed regional policy interventions.

Key-words: GIS, ARIMA, tourism forecasting, spatial analysis, heatmap, seasonality modelling.

1. INTRODUCTION

In recent years, spatial and temporal analysis tools have become increasingly important for
understanding regional disparities in tourism flows. Tourism, as a dynamic and seasonal sector,
requires both geographical and predictive modelling approaches to inform strategic development,
infrastructure planning, and sustainable growth. Geographic Information Systems (GIS) enable
policymakers and researchers to visualize, quantify, and interpret visitor behaviours based on spatial
zones, density, and accessibility (Longley et al., 2010).

Albania has experienced steady growth in tourism, both from domestic and international markets,
contributing substantially to national economic performance (Merko, Ndreu, & Merko, 2025). This
trajectory has been reinforced by academic studies that highlight Albania’s long-term tourism
potential and the need for strategic sectoral development (Burlea-Schiopoiu & Ozuni, 2021).

Tourism has been identified by international institutions as a pillar of Albania’s economic
diversification and regional development strategy (World Bank, 2025). This trend has been identified
as a key economic pillar in recent national assessments, with tourism contributing significantly to
employment and regional development (International Monetary Fund, 2025). The country's diverse
geography ranging from alpine northern areas to Adriatic and Ionian coastlines results in regionally
uneven visitor patterns. Understanding the spatial and seasonal distribution of visitors, especially
distinguishing between coastal and non-coastal areas, is crucial for balanced tourism planning and
infrastructure investment. This growth has also been recognized at the international level, where
Albania is increasingly positioned as a strategic destination for tourism investment and development
(World Tourism Organization, 2024). This aligns with previous research highlighting the need for
integrated and sustainable tourism development strategies in Albania (Ciro & Toska, 2018),
particularly those that consider territorial disparities and environmental capacity limits
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While previous studies have employed GIS to identify spatial trends and regional concentrations
(Hysenaj, 2015), this study introduces an integrated approach that combines spatial visualization with
time series modelling. By incorporating the ARIMA (AutoRegressive Integrated Moving Average)
model, the research forecasts regional tourism flows based on monthly visitor data from 2021 to 2024.

This predictive component allows for a forward-looking understanding of visitor patterns,
particularly useful in assessing regional seasonality and planning off-peak strategies.

In parallel, a seasonal intensity chart is employed to capture intra-annual fluctuations in tourism
activity across the North, Center, and South regions. By presenting monthly visitor distributions in a
matrix format, the heatmap highlights the seasonality and intensity of tourism loads across regions,
offering a compact and intuitive interpretation of temporal trends (Zhou & Liu, 2022).

The combined use of GIS, heatmap visual analytics, and ARIMA modelling represents a
methodological advancement in tourism studies. It bridges the gap between spatial observation and
temporal forecasting, enabling evidence-based policy decisions for resource allocation, infrastructure
scaling, and marketing diversification. This integrated approach responds to the growing need for
predictive spatial intelligence in tourism governance, especially in countries like Albania where
regional imbalances and seasonal pressures are significant.

2. LITERATURE REVIEW

Prior studies have emphasized the pivotal role of spatial databases (SDBMS) and GIS
technologies in supporting complex territorial decisions. Longley et al. (2010) established GIS as an
essential tool for mapping spatial patterns in tourism, enabling planners to visualize accessibility,
service dispersion, and environmental constraints. In Albania’s context, Hysenaj (2015) demonstrated
the use of geo-indexing and digital mapping to support urban and tourism development strategies,
highlighting GIS's role in optimizing infrastructure and marketing initiatives.

More recent developments have extended GIS beyond static visualization to include real-time
data integration and predictive modelling. Among these innovations, the emergence of digital twins
virtual replicas used to simulate tourism dynamics has gained traction for its potential to enhance
planning, personalization, and sustainability (Sampaio de Almeida, Brito e Abreu, & Boavida-
Portugal, 2025).

Zhou and Liu (2022) conducted a bibliometric analysis showing a rise in research that combines
GIS with advanced analytics such as machine learning, Al, and real-time sensor data to better predict
tourism flows and environmental impact. This trend is further supported by Duarte et al. (2020), who
provide a comprehensive overview of Al systems currently being applied to tourism optimization,
forecasting, and user personalization. This integration enhances tourism resilience, particularly in
regions facing seasonal overcrowding or ecological vulnerability.

A growing body of literature also points to the role of visual analytics, including intensity
mapping techniques such as heatmaps, in tourism research. Heatmaps offer a clear and compact visual
summary of seasonal variation and regional intensity in tourism flows (Kulyk & Sossa, 2018). When
applied to monthly tourism data, they allow for intuitive comparisons between regions and reveal
temporal spikes that can inform targeted marketing and service provision.

This approach is echoed in prior research published in Geographia Technica, where GIS tools
and heatmap-style spatial analyses have been effectively applied to tourism planning and flow
analysis (Nistor & Nicula, 2021; Ruda, 2016). For instance, Nistor and Nicula (2021) used GIS
techniques to model tourism behaviour across spatial contexts, while Ruda (2016) demonstrated how
spatial associations can reveal hidden tourism potential.

For instance, Soltésova et al. (2025) applied GIS tools to guide sustainable tourism development
in the Gelnica region, demonstrating how spatial technologies can support planning decisions at the
local and regional level. In parallel, advanced data mining techniques such as market basket analysis
are increasingly being applied to tourism data to uncover visitor behaviour patterns and inform
decision-making strategies (Vavpoti¢, Knavs, & Knezevi¢ Cvelbar, 2021). These studies affirm the
importance of combining spatial visualization with data interpretation to support evidence-based
tourism policy.
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The use of time series forecasting models, particularly ARIMA, is also gaining momentum in
tourism analytics. ARIMA models have proven effective in forecasting short-term tourism demand
by analyzing historical patterns (Song & Li, 2008). They are especially valuable in post-pandemic
recovery planning and peak-load infrastructure management. Fathi et al. (2019) further expanded the
use of ARIMA-based models in hydrological and climatic contexts, showing their versatility and
robustness across spatial-temporal domains. This study builds on these foundations by combining
GIS-based spatial classification, heatmap visualization, and ARIMA time series forecasting. This
integrated approach enhances the ability to identify both current disparities and future tourism
dynamics across Albania's macro-regions. It provides an evidence-based framework for proactive
tourism planning that balances seasonal fluctuations with regional equity.

Foundational literature on time series analysis emphasizes the importance of ARIMA models in
both theoretical and applied research. The classic work by Box and Jenkins (1970) laid the
groundwork for ARIMA-based forecasting methods, which remain widely used across disciplines.
Brockwell and Davis (2016) further advanced the field by integrating statistical theory with practical
software applications. Haidu et al. (1987) applied Fourier-ARIMA modelling in hydrology,
highlighting the model’s flexibility in environmental forecasting. Additionally, Haidu (1997)
provides a comprehensive treatment of time series methods applied in hydrology, contributing
significantly to the methodological literature in the region.

3. DATA AND METHODS

3.1. Data Source

This study utilized official tourism statistics published by the Albanian Institute of Statistics
(INSTAT), specifically the monthly dataset on accommodation establishments. The core dataset
covers monthly arrivals of resident and non-resident tourists from January 2021 to March 2025. For
spatial analysis, data from March 2025 were emphasized due to their availability and relevance for
off-season tourism trends. For forecasting, monthly time series data from 2021-2024 were used as the
training set. Administrative boundaries were retrieved from the GADM database (version 4.0), and
macro-regions were defined following the national classification into North, Centre, and South. Each
macro-region comprises several counties under the NUTS 3 classification.

3.2. GIS Data Processing

All spatial processing was conducted using QGIS 3.28, an open-source geographic information

system. The geospatial methodology included the following steps:

a) Dissolution of Administrative Units: Albania’s 12 counties were grouped and dissolved into three
macro-regions (North, Centre, South).

b) Coastal Zone Identification: Municipalities within a 10 km buffer from the coastline were selected
and classified as coastal areas, using spatial queries and buffer tools.

¢) Overlay and Aggregation: Visitor data from INSTAT were manually joined to spatial layers using
unique municipality identifiers. Regional totals and coastal/non-coastal classifications were
computed.

d) Choropleth Map Generation: A graduated color ramp was applied to show the percentage share of
visitor arrivals by region, using a green scale from light (low) to dark (high).

3.3. Heatmap Generation

To visualize seasonal fluctuations in tourism across Albania’s macro-regions, a monthly matrix-
style heatmap was generated (Fig. 1) using Python 3.11, with the help of the Pandas, Seaborn, and
Matplotlib libraries (Waskom, 2021). The dataset included total monthly arrivals (resident + non-
resident) from January to December 2024 for each macro-region. The heatmap used the Y1OrRd color
palette to represent intensity of tourist volumes. Annotated numerical values were embedded in each
cell to improve readability. This approach allowed compact visualization of regional seasonality and
intra-annual trends.



182

J3a
I
000058 - 1Z6+E
00000T -
B6SCEL
0000ST
00000¢Z
[4ETR4

AON

[4°47013

69108

Eviee

¥20T ut &1AnoY wsLmoJ jo dejy JeoH [euorsey °[ 814

Yuow
120 dasg by nf unf Aep Idy e
I

€98EL LEEPST 86LLET 008%L E9EVLC
L¥186 ) 4 CFIOZ | 9vvebl | 660FEL 68LTL
CEBSY 08TE9T | €BSEEL I¥6LL 091SE SET6T

¥202 - Yiuol pue uoibay Aq (sjuapisay-UoN + Sjuapisay) SIOYSIA [e30L

EST/LT

609

F8SET

uef
I
g
12i€Z - €
-
Qf
pegee - 2 €
m <
= =
=
[=]
9L10Z - 3
=



Medjon HYSENAJ and Ditmira TAHIRI / FORECASTING REGIONAL TOURISM FLOWS IN ... 183

The resulting heatmap revealed distinct seasonal patterns. Both the Center and South regions
experienced a dramatic increase in visitor numbers during the summer months, peaking in July and
August. In contrast, the North region showed a more modest but still notable seasonal trend. The
visual clearly illustrated the cyclical nature of tourism, characterized by high concentration during the
summer season and a decline in winter. This chart provided a compact yet comprehensive view of
Albania’s tourism distribution, supporting further analysis and offering a visually intuitive tool for
stakeholders involved in regional planning and tourism development.

3.4. Time Series Forecasting Using ARIMA

To predict visitor flows for 2025, ARIMA (AutoRegressive Integrated Moving Average) models
were developed for each macro-region: North (Fig. 2), Center (Fig. 3), South (Fig. 4). The ARIMA
model is formally denoted as ARIMA(p, d, q), where:

p is the number of autoregressive terms (AR),
d is the number of nonseasonal differences needed for stationarity,
q is the number of lagged forecast errors in the moving average model (MA).

Mathematically, the general ARIMA model can be written as:

¢(BY(1 — B)y, = 6(B)e;

where ¢ (B) and 6(B) are polynomials in the backshift operator B, and €, represents white
noise.

Since the monthly data exhibit seasonality, we used the Seasonal ARIMA form, SARIMA(p, d,
q)(P, D, Q, s), where the uppercase parameters refer to the seasonal components and s=12 represents
the 12-month cycle. Model parameters were selected using the auto_arima() function from Python’s
pmdarima library. Forecasting was performed using the SARIMAX class in statsmodels, following a
standard pipeline of differencing tests (ADF), model fitting, and forward prediction. The models were
implemented in Python using the Statsmodels package (Seabold & Perktold, 2010).

The following steps were taken:

Monthly visitor totals from January 2021 to December 2024 were used as the training data.

o Time series were tested for stationarity using the Augmented Dickey-Fuller test.

e Optimal SARIMA parameters (p, d, q)(P, D, Q, s) were selected using the Akaike
Information Criterion (AIC) and autocorrelation diagnostics (ACF and PACF).

e Separate SARIMA models were fitted for each region, and forecasts for 2025 were
generated.

o The forecasted values were visualized using line charts for each region and overlaid with

95% confidence intervals.

This forecasting method enabled short-term prediction of regional tourism trends and provided
actionable insights for policy and planning.
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Fig 2. ARIMA-Based Time Series Forecast for Northern Region (2025). The shaded area around the
forecast curve represents the 95% confidence interval.
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Fig 3. ARIMA-Based Time Series Forecast for Center Region (2025). The shaded area around the forecast

curve represents the 95% confidence interval.
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Fig 4. ARIMA-Based Time Series Forecast for South Region (2025). The shaded area around the forecast
curve represents the 95% confidence interval.
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3.5. Descriptive Statistics and Comparative Analysis

To complement the spatial and temporal modeling, descriptive statistics were computed to
evaluate the share of tourism flows across macro-regions and between coastal and non-coastal zones.
INSTAT visitor data were manually cross-referenced with GIS-classified municipalities. Total counts
and percentages were calculated to reflect the relative contributions of each zone to national tourism
activity. To highlight seasonal disparities, visitor data from March 2025 were compared with the peak
tourism month of August 2024 (Tab. 1, Tab. 2 and Tab. 3). These comparisons were visualized using
tables and thematic maps created in QGIS. For example, while coastal areas accounted for 35.4% of
visitors in March, this figure rose to 75.6% in August. This approach enabled a clearer understanding
of off-peak vs. peak dynamics and informed spatial equity assessments. All analytical scripts and
visualizations were developed using Python (v3.11) and QGIS (v3.28), ensuring reproducibility and
alignment with open-source scientific standards.

Table 1.
Regional Distribution of Visitors in Albania
Region Total Visitors Percentage (%)
North 25,113 17.8%
Center 86,050 61.3%
South 29,315 20.9%
Table 2.
Regional Visitor Growth Comparison (20242025, Period: March)
Region 2024 2025 Growth
North 19,135 25,113 31.24%
Center 71,789 86,050 19.87%
South 24,363 29,315 20.33%
Table 3.
Visitor Distribution by Area Type
Area Type Total Visitors (August 2024) Total Visitors (March 2025)
Coastal 491,903 49,701
Non-Coastal 158,690 90,777
Total (Albania) 650,593 140,478

4. RESULTS AND DISCUSSIONS

The analysis of Albania’s tourism dynamics integrates spatial classification, heatmap
visualization, and ARIMA-based forecasting to provide a holistic picture of regional visitor flows.

4.1. Spatial Patterns

The core spatial analysis focused on visitor data for March 2025, using INSTAT data combined
with GIS-based classification of administrative units. Three macro-regions North, Center, and South
were analyzed, along with a binary distinction between coastal and non-coastal areas based on
proximity to the coastline.

The spatial mapping revealed that the Center Region attracted the majority of visitors (61.3%),
followed by the South (20.9%) and North (17.8%). Notably, coastal zones accounted for 35.4% of
visits during March, rising to 75.6% during the peak month of August 2024. This confirms the
seasonal pressure on coastal infrastructure, a phenomenon that demands spatial planning approaches
tailored to resilience and sustainability in coastal communities (Abdullah et al., 2025), while also
underlining the increasing relevance of inland destinations during the off-season.

A choropleth map and spatial overlay of visitor concentration effectively illustrated these
disparities, validating GIS as a tool for strategic zone-based planning and resource distribution (Fig.
5, Fig. 6 and Fig. 7).
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4.2. Seasonal Trends: Visual Analysis of Monthly Visitor Fluctuations

To complement the March snapshot, a monthly intensity chart of monthly visitor flows across
2024 was generated using Python’s Seaborn and Matplotlib libraries. The matrix-format heatmap
displayed months along the horizontal axis and macro-regions along the vertical axis, with color
intensity representing the number of visitors.

The visualization revealed:

e A sharp peak in the Center and South regions during July and August, reflecting classic

summer tourism behavior.

e A more moderate but steady trend in the North region, with increased activity in spring and

early autumn, aligning with nature-based and cultural tourism preferences.

This visualization not only clarified seasonal intensity and distribution, but also revealed
opportunities for developing counter-seasonal tourism offers, especially in less saturated inland areas.

4.3. Forecasting Tourism Flows: ARIMA Results

ARIMA models were built separately for the North, Center, and South regions using monthly
tourism data from 2021 to 2024. The models forecasted visitor numbers for 2025, offering a predictive
layer to complement the spatial and historical insights.

Key findings:

e  The Center region is expected to maintain its dominance, with steady growth continuing into

the early summer of 2025.

e The South region shows significant seasonal fluctuation, with forecasts indicating a sharp
rise beginning in May.

e The North region, while having the lowest absolute visitor numbers, shows the highest
relative growth rate, especially in spring, suggesting a rising interest in alpine and eco-
tourism. As demonstrated in similar GIS-based studies in national parks (Amangeldi et al.,
2025), the integration of innovative mapping technologies can significantly enhance visitor
experience and support sustainable destination development in protected natural areas.

The ARIMA forecasts provide vital input for pre-season planning and regional investment

prioritization. Forecast curves also help stakeholders anticipate pressure on transport,
accommodation, and cultural services across regions.

5. DISCUSSION

The integrated use of GIS, seasonal intensity charts, and ARIMA forecasting validates a multi-
dimensional approach to tourism analysis. While GIS helps localize and quantify regional disparities,
heatmaps offer clarity on seasonal intensity, and ARIMA models provide foresight into emerging
trends.

The observed growth in the North region both in actual March data (31.24% YoY growth) and
in forecasted values signals a shift in tourist preferences toward natural and cultural destinations
outside traditional coastal zones. Destinations like Shkodér, Valbona, and Theth are emerging as
strategic nodes for adventure and eco-tourism. This growth highlights the urgency of targeted
investment in infrastructure and digital services in Northern Albania.

Meanwhile, the seasonal concentration in the South and Center, especially in summer,
underscores the ongoing challenge of managing tourism saturation. The steep forecasted rise in
visitors during May-July in these regions necessitates proactive service scaling, especially in coastal
municipalities.

The use of heatmaps enabled intuitive communication of seasonality, particularly to non-
technical stakeholders, while the ARIMA models offered data-backed projections that can inform
policy decisions well in advance of tourism peaks. These tools are aligned with national priorities
outlined in Albania’s 2025-2030 country strategy, which emphasizes sustainable infrastructure,
regional development, and digital modernization as key drivers of economic resilience (European
Bank for Reconstruction and Development, 2025).
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Looking ahead, integrating real-time mobility data (e.g., anonymized GPS tracking) and climate-
adjusted predictive models could further enhance tourism governance. Albania can also draw lessons
from neighboring countries like Croatia and Slovenia, which have successfully applied GIS and
forecasting techniques to balance coastal and inland tourism, and mitigate environmental pressures.
A national-level SWOT analysis by Leskaj and Lazimi (2024) similarly underscores the urgent need
to diversify tourism offerings beyond the coastal concentration, highlighting internal disparities and
capacity limitations that GIS-based planning can help address.

6. CONCLUSIONS

This study demonstrates the value of integrating spatial analysis, visual analytics, and predictive
modeling to understand and manage tourism flows in Albania. By combining GIS-based spatial
classification with heatmap visualization and ARIMA time series forecasting, the research provides
a robust, multi-dimensional perspective on both the current distribution and future dynamics of
regional tourism.

The spatial analysis confirmed the dominance of the Central Region, the emerging role of the
North, and the continued seasonal dependence on coastal areas. The seasonal intensity visualization
offered a clear, month-by-month view of seasonal trends, helping to pinpoint periods of over-
concentration and underutilization across regions. Meanwhile, ARIMA-based forecasts provided
forward-looking insights that are essential for pre-season planning, infrastructure investment, and
strategic marketing.

This integrative approach not only enhances academic understanding but also supports evidence-
based decision-making for tourism policymakers, local governments, and industry stakeholders. The
findings underscore the need for regionally differentiated strategies, prioritizing capacity management
in peak zones while stimulating growth in underutilized inland destinations.

Looking forward, future work should incorporate real-time mobility data, climate variables, and
tourist sentiment analysis to build more adaptive and responsive tourism forecasting models.
Furthermore, the development of an open-access, centralized GIS and forecasting platform could
empower Albanian institutions to manage tourism in a smarter, more sustainable, and more inclusive
manner.
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