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Abstract 

Based on the probability theory, which is used to model uncertainty and randomness in real-world 

situations, the study aims to understand the impact of uncertain conditions, such as the Covid-19 

pandemic, on the accuracy of the algorithms and the resulting losses to a country's tourism 

industry. The contribution of this paper to the international body of knowledge is twofold: firstly, 

it advances theoretical understanding of the use of probability theory in modelling real-world 

problems; and secondly, it offers a methodological approach for estimating tourist arrivals that 

accounts for the impact of extreme events. To achieve these aims, the Levenberg-Marquardt 

optimization was first applied to determine the optimal coefficients of the exponential function 

for estimating tourist arrivals from 1950 to 2020. Next, the K-Star machine learning algorithm 

was applied to the dataset with and without Covid-19 cases to estimate tourist arrivals. 
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INTRODUCTION 

Estimating inbound tourist numbers can aid in optimizing capacity utilization, reduce negative impacts on host 

countries, and enhance tourists' participation and experience. However, this sector can be affected by many 

unforeseen situations, cases or diseases namely outbreaks or pandemics etc.  One of the outbreaks called Covid-19 

differs from any previous epidemics up to now. Actually, SARS-CoV-2 is a type of virus, a serious life-threatening 

disease, known as Covid-19. It was first noted initially perceived to occur in November 2019, in Wuhan/China (Zhu 

et al., 2020). Firstly, the World Health Organization (WHO) declared the premier case on 31st December 2019 

(WHO, 2020). The outbreak was announced as a global pandemic on 11th March 2020 (WHO, 2020). Preventative 

precautions are provided in order to cut down the transmission of disease by tracing the patients, washing their hands, 

using face masks, and lockdown dispensable activities, which are run by governments (Yang et al., 2022). Owing to 

the lockdowns and precautions to decrease the transmission risks, considerable changes have occurred in daily lives 

and business manners surrounding the globe (Yang et al., 2022). Especially, offices, airports, shopping malls, 

entertainment sectors such as cinemas, theatres, concerts etc., colleges, schools, coffees, and railway stations are 

closed down so as to prevent interactions and forgathering of humans.  

As a result of lockdowns and social distancing policies, the number of incoming tourists decreased in order to 

ensure their responsibilities against the host country.  That’s to say, the Covid-19 pandemic had a significant impact 

on the tourism industry (Hüsser, 2023), leading to a decrease in the number of tourists arriving in host countries. 

Many countries implemented travel restrictions and closed their borders to prevent the spread of the virus, while 

others imposed quarantine requirements on travellers. Additionally, many people were hesitant to travel due to health 

concerns and economic uncertainty. As a result, the tourism industry experienced a significant decline in revenue 

and many businesses were forced to close. According to a report by the World Tourism Organization (UNWTO), 

international tourist arrivals declined by 73% in 2020 compared to the previous year, resulting in a loss of $1.3 trillion 

in international tourism receipts. It has been a hard hit for many countries such as Türkiye that rely heavily on tourism.  

There are several ways in which unwanted situations, such as the Covid-19 pandemic, can affect the estimation 

of tourist arrivals using machine learning. Some of these include lack of data, non-stationarity, unexpected events, 

complex relationships, overfitting,  and lack of representativeness. Initially, data collection may be disrupted, leading 

to a lack of data on tourist arrivals, making it difficult to train and test machine learning models during a pandemic. 

On the other hand, The Covid-19 pandemic has led to changes in travel patterns and restrictions (Ling et al., 2023), 

which can make the data non-stationary. This means that the relationships between variables may change over time, 

making it difficult to predict future tourist arrivals. As mentioned before, the pandemic has led to unexpected events, 

such as lockdowns and travel bans, that can make it difficult to predict future tourist arrivals. Taking everything into 

account, factors that influence tourist arrivals during the pandemic are complex and may be difficult to model 

(Heidari, 2022). For example, the number of Covid-19 cases and travel restrictions may interact in unexpected ways, 

making it difficult to accurately predict future tourist arrivals. In addition to this, the model may be overfitting the 

data, which means it will perform well on the training data, but poorly on unseen data. As a result, the predictions 

may not generalize well to new situations. Hence, the data available might not be representative of the current 

situation, leading to poor predictions and unreliable estimates of tourist arrivals. To overcome these issues, this paper 

presents the modelling and estimation of the tourist arrivals into Türkiye with and without pandemic cases. It is also 
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important to note that the uncertainty associated with predictions made by machine learning models should be tackled 

by researchers and scientists.  

Although artificial intelligence-based methods such as machine learning have been increasingly used in the 

tourism literature recently (William et al., 2019; Li et al., 2021; Bi et al., 2022; Sangkaew and Zhu, 2022; Oh and 

Kim, 2022; Chen et al., 2021; Yu et al., 2021) to improve various aspects of the industry, including customer service, 

marketing and pricing, and demand forecasting, this paper provides a comprehensive overview of the novel method 

in predicting tourist arrivals. The purpose of this research is to examine the effectiveness of the Levenberg-Marquardt 

optimization and the K-Star (K*) algorithm in predicting tourist arrivals during a pandemic. This research offers a 

unique perspective on the limitations of traditional machine learning algorithms, such as the Levenberg-Marquardt 

optimization, in predicting tourist arrivals during uncertain conditions like pandemics. Moreover, while it is widely 

acknowledged that the pandemic brings about economic damage, this study is crucial in that it scientifically proves 

the extent of that impact. 

Literature Review 

One of the most significant effects of Covid-19 on the tourism industry is a significant decrease in demand. Travel 

restrictions, lockdowns, and the fear of contracting the virus have all contributed to the drop in demand. These 

remarkable developments appear to have piqued the interest of tourism researchers, as studies (Chen et al., 2020; Qiu 

et al. 2020; Buckley & Westaway, 2020; Arabadzhyan et al., 2021; Mach & Ponting, 2021; Park et al., 2021; Yousaf, 

2021; Müller & Wittmer, 2022; Yang & Smith, 2022; Hunter, 2022; Brune et al., 2023; Hüsser & Ohnmacht, 2023; 

Yu et al., 2023; Milone et al., 2023) and solution proposals on the subject have been published one after the other. 

Sigala (2020), for instance, explores the influences of Covid-19 on the tourism industry in her study and provides 

suggestions for advancing and resetting the industry. The author highlights the need for innovation and adaptation in 

the industry, including the use of digital technologies and sustainable tourism practices. In his paper, Vargas (2020) 

reflects on the need to adapt tourism governance models to meet the changing requirements of the industry in response 

to the Covid-19 crisis. Using a survey of tourism enterprises, Wang et al. (2021) investigate the impact of Covid-19 

on the Chinese tourism industry. According to the authors, the pandemic has had a significant negative impact on the 

industry, resulting in decreased demand, cancellations, and financial losses. Yiwei et al. (2022) aim to investigate the 

spillover effect of industrial sectors by emphasizing the tourism sector. Regarding the Chinese and US industrial 

sectors in the first quarter of 2020, both countries' stocks exhibited high volatility. Throughout the pandemic period, 

the tourism industry suffered as well. Agarwal et al. (2022) look at how artificial intelligence (AI) has the potential 

to transform the tourism industry in the post-Covid-19 era. The authors discuss how AI can be used to improve 

customer experiences, improve sustainability, and enable personalized tourism services. In conclusion, the studies 

discussed here emphasize the significant impacts of Covid-19 on the tourism industry, as well as the need for 

innovation and adaptation in response to the crisis. Some potential strategies for transforming the industry in the post-

pandemic period include the use of digital technologies, sustainable tourism practices, and artificial intelligence.  

This paper also employs artificial intelligence-based methods to understand the impact of the Covid-19 pandemic. 

The study also presents a novel approach by excluding the year affected by the pandemic from the training and testing 

dataset and applying the K* algorithm to the dataset, both with and without the pandemic year. The use of the K* 

algorithm in this research is intriguing because it is a type of unsupervised machine learning technique that has been 
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used in a variety of fields, including social network analysis and bioinformatics. However, few studies have 

investigated its use in tourism forecasting. It will contribute to the existing literature by demonstrating the potential 

of machine learning and artificial intelligence techniques for this task. Hence, the total number of tourist arrivals is 

estimated as what would have happened if the pandemic had not occurred along with machine learning-based 

techniques to predict tourist arrivals and determine the direct economic losses. These techniques have the potential 

to improve the accuracy and reliability of forecasts and can be used to analyse large and complex datasets. It will be 

of interest to researchers, policymakers, and practitioners in the fields of tourism and forecasting. 

Materials and Methods 

Based on the literature review, material and method analysis; this study relies on estimating tourist arrivals during 

the Covid-19 pandemic using a combination of mathematical modelling namely exponential growth function and 

machine learning algorithm specifically the K* algorithm. The main reason is to using the K* algorithm as compared 

to kNN and LWL algorithms is that there are limited studies in the literature on the K* algorithm application in the 

tourism setting. On the other hand, instance-based learning algorithms generally involve the calculation of the 

uncertainty conditions or disorders of any system. Furthermore, these learning methods could capture complex 

relationships in the dataset and unexpected factors such as travel restrictions and pandemic conditions.  

Initially, historical data ranging from 1950 to 2020 is collected from the Turkish Statistical Institute database since 

these years do not contain uncertain conditions namely the Covid-19 pandemic. Thus, the dataset covers pre-

pandemic years. The number of tourist arrivals based on the pre-pandemic years is analysed with respect to the 

exponential growth function optimized by the Levenberg-Marquardt algorithm. After obtaining the closed form 

mathematical expressions of the number of tourist arrivals are calculated during pandemic periods. To validate this 

numerical analysis, the K* algorithm is utilized for the estimation of the number of tourists. Sensitivity and robustness 

are checked by comparing the numerical analysis and estimation results along with the calculated and predicted 

values for pandemic periods. In other words, cross-validation is evaluated in a binary way including exponential 

growth function and estimation of the proposed algorithm. 

In conclusion, this study adds a great deal to the body of literature by using both machine learning and 

mathematical modelling, carrying out thorough testing, and offering a thorough examination of visitor arrivals over 

a long-time span. Understanding the nuances of various algorithms' applicability in the context of tourism forecasting 

is enhanced by comparing them. 

In recent years, the field of tourist arrival forecasting has seen a growing interest, and various methods have been 

proposed and tested in the literature. In general, commonly used techniques with their pros and cons for forecasting 

procedure is given in detail in Table 1. 
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Method Pros Cons 

Time Series 

Analysis 

• Simple and easy to understand 

• Good for forecasting trends and patterns 

• Works well with univariate data 

• Limited in its ability to handle external 

factors that may impact revenue 

• May not work well with irregular or non-

stationary data 

Regression 

Analysis 

• Can handle multiple independent 

variables  

• Can account for external factors that may 

impact revenue  

• Can provide insights into the relationship 

between independent and dependent 

variables 

• May not work well with non-linear 

relationships  

• May not work well with time-series data 

that have a strong autocorrelation 

ARIMA 

Models 

• Good for handling time-series data  

•  Can handle non-stationary data  

•  Can handle trend and seasonality in data 

• Limited in its ability to handle external 

factors that may impact revenue 

• Can be complex to implement 

Exponential 

Smoothing 

• Simple to implement  

• Good for handling time-series data 

• Can handle trend and seasonality in data 

• Limited in its ability to handle external 

factors that may impact revenue  

• May not work well with irregular or non-

stationary data 

Artificial 

Neural 

Networks 

• Good for handling complex data 

relationships  

• Can handle multiple inputs and outputs  

•  Can handle non-linear relationships 

• Can be complex to implement  

• May be prone to overfitting if not properly 

validated 

Table 1. A Comparison Table of Some Commonly Used Forecast Methods for International Tourist Arrivals 

It's important to bear in mind that the pros and cons of each method will vary depending on the specific situation 

and the characteristics of the data. Additionally, it's often useful to use multiple methods and compare their results to 

get a better overall understanding of the situation. The K-Star (K*) Algorithm and the Levenberg-Marquardt 

Algorithm are two different methods used in the field of machine learning for forecasting international tourist arrivals. 

The K* Algorithm is a clustering algorithm that can identify patterns and structures in data. It works by dividing the 

data into groups or clusters based on similarity and then using these clusters to make predictions. The K* Algorithm 

is suitable for data with clear patterns and structures and is easy to interpret. However, it may not be suitable for data 

with complex relationships or non-linear patterns. The Levenberg-Marquardt Algorithm is an optimization algorithm 

that can minimize the error between the predicted and actual values of a model. It works by adjusting the parameters 

of a model to minimize the error between the predicted and actual values. The Levenberg-Marquardt Algorithm is 

suitable for data with complex relationships and is good for optimizing the parameters of models. However, it may 

not be suitable for data with clear patterns and structures and can be complex and difficult to interpret. In terms of 

international tourist arrivals, the choice of method will depend on the specific characteristics of the data. If the data 

has clear patterns and structures, the K* Algorithm may be a good choice, while if the data has complex relationships, 

the Levenberg-Marquardt Algorithm may be a better choice. However, it is important to note that the accuracy of the 

predictions will also depend on the quality of the data and the specific parameters used in each method. 

A comparison table of the K* Algorithm and the Levenberg-Marquardt Algorithm in terms of international tourist 

arrivals may include the following aspects: 
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Feature K-Star (K*) Algorithm Levenberg-Marquardt Algorithm 

Suitability Suitable for data with clear patterns and structures Suitable for data with complex relationships 

Interpretability Easy to interpret Complex and difficult to interpret 

Accuracy 
Depends on the quality of the data and the specific 

parameters used 

Depends on the quality of the data and the specific 

parameters used 

Table 2. Comparison of the K* and Levenberg-Marquardt Algorithms 

It is important to note that this comparison table is not exhaustive, and there may be other factors that are important 

to consider when choosing a method for forecasting international tourist arrivals. In this paper, two algorithms K* 

and Levenberg-Marquardt, are utilized to apply the estimating the international tourist arrivals. However, this paper 

differs from other studies due to the fact that an optimization algorithm is used for the coefficient determination of 

the exponential function. Then, this paper suggests the efficacy of both the K* algorithm and the Levenberg-

Marquardt algorithm application to determine if the covid-19 does not occur. 

Exponential Functions and Optimization Algorithm 

Exponential functions are mathematical functions that can be used to model a wide range of phenomena, including 

growth and decay. In the context of tourist arrivals, exponential functions can be used to model the rate at which 

tourist numbers change over time. One common type of exponential function is the exponential growth function, 

which is given by the equation in Table 3. 

y = a * e^(kt) 

Table 3. The Exponential Growth Function 

Where y is the number of tourist arrivals, a is the initial number of tourists, k is the growth rate, and t is the time. 

The growth rate k can be positive or negative, depending on whether the number of tourists is increasing or 

decreasing.  Another common type of exponential function is the exponential decay function, which is given by the 

equation in Table 4. 

y = a * e^(-kt) 

Table 4. The Exponential Decay Function 

This function models the rate at which the number of tourists is decreasing over time.  Exponential functions can 

be useful for modelling tourist arrivals because they can capture the non-linear relationship between the number of 

tourists and time. They can also be used to estimate the number of tourists in the future by extrapolating from 

historical data. It's worth noting that these functions are the idealized representation of reality, in practice the data 

may not exactly follow this pattern, and the estimation may need to be adjusted by other factors. 

The Levenberg-Marquardt algorithm is an optimization method that can be used to estimate the parameters of an 

exponential function for the purpose of modelling tourist arrivals. The exponential function that is commonly used 

for modelling tourist arrivals is the exponential growth function, which is given by the equation in Table 5. 

y = a * e^(kt) 

Table 5.  The Exponential Growth Function for Estimating Tourist Arrivals 
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Where y is the number of tourist arrivals, a is the initial number of tourists, k is the growth rate, and t is the time. 

The goal is to estimate the parameters a and k from the available data. The Levenberg-Marquardt algorithm is an 

iterative method that finds the best estimates of the parameters by minimizing the sum of the squares of the residuals, 

which are the differences between the observed data and the predicted values. The algorithm starts with an initial 

estimate of the parameters and iteratively updates them by adjusting them in the direction of the negative gradient of 

the cost function. One of the advantages of the Levenberg-Marquardt algorithm is that it is relatively fast and efficient, 

and can find a good solution even when the data is noisy or has outliers. The Levenberg-Marquardt algorithm can be 

applied to estimate the parameters of an exponential function for the purpose of modelling tourist arrivals by 

following these steps in Table 6. 

Levenberg-Marquardt Optimization Algorithm Principle: Estimation of the tourist arrivals  

• Collect data on the number of tourist arrivals over time. 

• Select an initial estimate of the parameters a and k. 

• Use the Levenberg-Marquardt algorithm to iteratively update the estimates of the parameters by minimizing the 

sum of the squares of the residuals. 

• Once the algorithm has converged, the final estimates of the parameters are the best estimates of the number of 

tourist arrivals. 

Table 6. Levenberg-Marquardt Optimization Steps 

It's worth noting that this method assumes that the data follows the exponential function, in practice the data may 

not exactly follow this pattern, and the estimation may need to be adjusted by other factors. Also, the Levenberg-

Marquardt algorithm is a local optimization method, it's important to check that the solution found is not a local 

minimum. 

Machine Learning Method 

Estimating the number of tourist arrivals during the Covid-19 pandemic using machine learning algorithms would 

involve using historical data and other relevant factors to make predictions about future tourist arrivals. Some possible 

steps for using machine learning to estimate tourist arrivals during the pandemic might be included as given in the 

proposed steps. Collecting and pre-processing data, such as the number of confirmed Covid-19 cases, travel 

restrictions, and economic indicators, as well as historical data on tourist arrivals. In this paper, historical data is 

retrieved from the Turkish Statistical Institute database including the years from 2000 to 2020 (Turkish Statistical 

Institute, 2022) and the previous historical data is obtained from the study of Ünlüönen and Kılıçlar (2004), which 

includes the years from 1950 to 2000. After gathering the dataset, it was trained via machine learning model K-star 

(K*), by using the total tourist arrivals with and without pandemic cases. 

K* algorithm is improved by Clearly and Trigg (1995), which is a type of instance-based learning algorithm. In 

general, the working principle of the instance-based learning algorithm is to compare the instances via the metric 

distances including Manhattan, Euclidean, Chebyshev etc. However, the K* instance-based algorithm depends on 

the entropy calculation based on the probability theory.  There are limited studies based on the K* algorithm in the 

literature as compared to other instance-based learning algorithms namely k-nearest neighbour(kNN) and locally 

weighted learning (LWL). Thus, the effectiveness of the K* algorithm in the tourism sector is analysed and 

interpreted by comparing kNN and LWL. The model was tested using a holdout or cross-validation set to evaluate 

its performance. The model was used to make predictions about future tourist arrivals, considering current conditions 

such as travel restrictions and Covid-19 case numbers. The model was regularly updated with new data and retrained 



Şeker, F. & Bozkur, A.                                                                                JOTAGS, 2024, 12(1) 

710 

as the situation evolved.  

Exponential functions and machine learning algorithms are both methods that can be used for estimating the 

number of tourist arrivals, but they have some key differences. Exponential functions typically require a relatively 

small amount of data and can be used to model simple relationships between variables. Machine learning algorithms, 

on the other hand, typically require large amounts of data and are capable of modelling complex relationships (Chen 

et al., 2022). Flexibility Exponential functions are fixed mathematical equations that can model a limited set of 

relationships. Machine learning algorithms, on the other hand, can be trained to model a wide range of relationships 

and can adapt to changing conditions (Ahmed et al., 2022). Exponential functions can be used to make predictions 

about future tourist arrivals by extrapolating from historical data. Machine learning algorithms, however, can be used 

to make predictions based on a wide range of factors and can consider changing conditions. Exponential functions 

may not generalize well to new situations and may not capture the complexity of real-world data (Sutthimat et al., 

2022). Machine learning algorithms can generalize well and can be adapted to new situations, provided that they are 

trained on large and diverse datasets. Exponential functions are simple and easy to understand, the parameters of the 

function can be interpreted, and the results are easy to interpret. Machine learning algorithms are more complex and 

may be difficult to interpret (Yanzhou et al., 2022). Overall, both exponential functions and machine learning 

algorithms can be used for estimating the number of tourist arrivals, but machine learning algorithms are more 

powerful and flexible, and can be used to make more accurate predictions. However, exponential functions are 

simpler and easier to understand. The choice of method will depend on the specific use case and the data available. 

Results 

The Levenberg-Marquardt optimization algorithm is applied to determine the optimal coefficients of the 

exponential function for the estimation of tourist arrivals. Initially, the total tourist arrivals are given along with the 

years, which range from 1950 to 2020 as given in Figure 1. When the number of tourists from 1950 to 2020 is 

examined, there has been a sharp decrease in 2020 due to the Covid-19 pandemic, and this decrease does not fit the 

exponential function. Hence, the tourist arrivals in 2020 are not included to train and test the dataset effectively. 

 

Figure 1. The Exact Tourist Arrivals from 1950 to 2020 

Based on the dataset, exponential function coefficients of tourist arrivals, are optimized as a=9.1e-44   and 

b=0.05787, respectively. During the optimization procedure, a 95% confidence boundary is applied. The optimized 



Şeker, F. & Bozkur, A.                                                                                JOTAGS, 2024, 12(1) 

711 

exponential function is obtained as follows in Table 7. 

y= (9.1𝑥10−44) 𝑒0.05787𝑡 

Table 7. The Optimized Exponential Function 

The detailed code of the algorithm is also depicted in Table 8. 

function [fitresult, gof] = createFit(Year, Arrivals) 

%CREATEFIT (YEAR, ARRIVALS) 

% Create a fit. 

% Data for 'Fitted Data' fit: 

%      X Input: Year 

%      Y Output: Arrivals 

% Output: 

%      fit result: a fit object representing the fit. 

%      gof: structure with goodness-of fit info. 

 

%% Fit: 'Fitted Data'. 

[xData, yData] = prepareCurveData (Year, Arrivals); 

 

% Set up fittype and options. 

ft = fittype (‘exp1’); 

opts = fitoptions(‘Method', 'NonlinearLeastSquares' ); 

opts.Algorithm = 'Levenberg-Marquardt'; 

opts.Display = 'Off'; 

opts.Normalize = 'on'; 

opts.StartPoint = [10450313.0866315 1.87239738169156]; 

 

% Fit model to data. 

[fitresult, gof] = fit (xData, yData, ft, opts); 

 

% Plot fit with data. 

figure (‘Name', 'Fitted Data’); 

h = plot (fitresult, xData, yData, 'predobs’); 

legend (h, 'Arrivals vs. Year', 'Fitted Data', 'Lower bounds (Fitted Data)', 'Upper bounds (Fitted Data)', 'Location', 'NorthEast', 

'Interpreter', 'none’); 

% Label axes 

xlabel(‘Year', 'Interpreter', 'none' ); 

ylabel(‘Arrivals', 'Interpreter', 'none' ); 

grid on 

Table 8. Levenberg-Marquardt Algorithm Based Optimization 

After applying K* algorithm to the dataset with and without Covid-19 cases, the correlation coefficients and 

predicted tourist arrivals are obtained. The correlation coefficient with and without Covid-19 cases is calculated as 

0.87 and 0.97, respectively. This reveals that uncertain conditions such as pandemic outbreaks cause a sharp decrease 

in tourist arrivals and in the effectiveness of the algorithm as well. Table 9 depicts the estimated and actual tourist 

numbers for 2020 based on the K* machine learning algorithm. 

t y= (9.1𝒙𝟏𝟎−𝟒𝟒) 𝒆𝟎.𝟎𝟓𝟕𝟖𝟕𝒕 Exact 

2020 53325773 15826266 

Table 9. Estimated and Exact Tourist Numbers for 2020 

Conclusion 

A pandemic outbreak, such as Covid-19, can significantly impact tourism. This can include a decrease in 

international travellers as well as changes to travel plans and destinations (Vargas, 2020). One significant impact of 
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the pandemic on tourism has been the restriction of international travel as countries implemented quarantine measures 

and closed their borders to reduce the virus's spread. This has resulted in a significant decrease in the number of 

tourists visiting destinations, resulting in a decrease in revenue for the tourism industry. In addition to travel 

restrictions, the pandemic has resulted in a decrease in consumer confidence and disposable income, both of which 

have impacted the tourism industry. Many individuals and families have lost their jobs or had their income reduced, 

making it more difficult for them to travel. According to Morakabati (2020), political crises can also have an impact 

on tourism by causing a lack of stability and safety in a destination, making it less appealing to visitors. Tourists may 

be less likely to visit a destination if there is a civil war or an increase in terrorism, for example. This can reduce 

revenue for the tourism industry and have a negative impact on the local economy. Besides, extraordinary statistics 

caused by unforeseen events such as wars, pandemics, and political crises can make it difficult to estimate tourism 

demand (Flectcher and Morakabati, 2008). The impact of uncertain conditions on algorithms has been a topic of 

interest in the literature. In the field of machine learning, many studies have explored the effect of changes in data 

distribution or characteristics on the performance of models. For example, Wyatt et al. (2022) investigated the impact 

of dataset shifts on the performance of deep learning models for image classification. They found that the models 

performed poorly when tested on data that differed significantly from the training data.  

Initially, the Levenberg-Marquardt optimization algorithm was employed to determine the best exponential 

function coefficients for estimating tourist arrivals from 1950 to 2020. However, due to the dramatic decrease in 

tourist numbers during the pandemic, 2020 did not fit the exponential function and was thus excluded from the 

training and testing datasets. Regarding the specific approach used in this study, the Levenberg-Marquardt 

optimization method has been widely used in fitting exponential functions to data in a range of fields. (e.g., 

neuroscience, physics, economics). However, because the exponential function is relatively new to tourism theory, 

it should be emphasized that it is not always used for modelling tourism data. Nonetheless, research has proposed 

that other functions or models, such as ARIMA or neural networks, be used for tourism forecasting. (Chang & Liao, 

2010; Palmer et al., 2006).  The K* algorithm was utilized, then, to estimate tourist arrivals on the dataset, both with 

and without Covid-19 cases. The application of the K* algorithm, both with and without the year affected by Covid-

19, provides insight into the influence of uncertain conditions on machine learning algorithms and the importance of 

incorporating such conditions in the training and testing dataset. The correlation coefficient was found to be higher 

without the Covid year. Therefore, this research tried to estimate that year by ignoring the number of tourists arriving 

in the year of covid cases.  

According to the K* machine learning algorithm, if the pandemic had not occurred, more than 53 million tourists 

would have visited Türkiye in 2020, rather than the actual 15 million. According to the United Nations World 

Tourism Organization data, since a tourist spends an average of 765 dollars in Türkiye, this difference of 38 million 

means a loss of 29 billion dollars to the country's economy (approx. 3% of Türkiye’s GDP). Although everyone 

accepts the damage caused by the pandemic to the national economies, empirically proving how much this damage 

is makes this study unique. The findings of the research emphasize the negative impact that uncertain conditions, 

such as pandemics, can have on the efficacy of algorithms as well as tourism revenue. Within the tourism literature, 

there have been studies that have looked at the impact of external factors on the accuracy of forecasting models. Cho 

(2001), for instance, examined the effect of economic fluctuations on the forecasting accuracy of tourist arrivals in 

Hong Kong. It is found that the accuracy of the forecasting models decreased during periods of economic instability. 
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The study results suggest that excluding years with drastic decreases in tourist numbers from the training and testing 

dataset could lead to more accurate estimations. The results also demonstrate the potential of machine learning 

algorithms, such as the K* algorithm, in providing accurate estimations for the tourism industry, despite the 

challenges posed by uncertain conditions like pandemics. The use of the K* algorithm in this research is also 

intriguing because it is a type of unsupervised machine learning technique that has been used in a variety of fields, 

including social network analysis and bioinformatics. However, few studies have investigated its use in tourism 

estimation, and more research may be required to compare its performance to other more established methods.  

The theoretical framework of this study is based on probability theory, which provides a powerful tool for 

modelling and analysing uncertain and random phenomena. Specifically, the study employs probability theory to 

estimate the accuracy of algorithms and quantify the losses incurred by a country's tourism industry under uncertain 

conditions, such as the Covid-19 pandemic. The contribution of this research article to the international body of 

knowledge is twofold: firstly, it advances theoretical understanding of the use of probability theory in modelling real-

world problems; and secondly, it offers a methodological approach for estimating tourist arrivals that accounts for 

the impact of extreme events. The study shows how Covid-19 affects the accuracy of the algorithms used to estimate 

tourist arrivals. The authors acknowledged the drastic decrease in tourist numbers due to the pandemic by excluding 

2020 from the training and testing datasets, resulting in a deviation from the exponential function. This method 

ensures that the model is not biased toward pre-pandemic data and that estimations are more accurate. Furthermore, 

the use of the K* machine learning algorithm to estimate tourist arrivals with and without Covid-19 cases in the study 

sheds light on the extent of the pandemic's impact on the tourism industry. The fact that the correlation coefficient 

was higher in the absence of the Covid year suggests that the pandemic disrupted the relationship between the 

variables in the model. The estimated loss to the Turkish economy of 29 billion dollars as a result of the pandemic 

emphasizes the importance of understanding the effects of uncertain conditions on tourism forecasting and planning.  

The findings of this research are important for tourism policymakers, academics, and industry practitioners 

because they shed light on the potential effect of future pandemics or other uncertain conditions on tourism demand. 

As Vargas (2018) has noted, while tourism has demonstrated a high degree of resilience in rebounding from adverse 

events in a relatively short period, the industry's managers and destinations must not underestimate the effects of 

such events. This study's research approach and methodology can be replicated in other countries to estimate the 

impact of the pandemic on their tourism sector. Furthermore, the study offers an excellent opportunity for future 

research in tourism forecasting and planning. Future research can build on this work by investigating the effect of 

other uncertain conditions on tourism demand and developing more accurate forecasting models that take these 

factors into consideration. Additionally, further research can explore the impact of the pandemic on different tourism 

sectors, such as accommodation, food and beverage, and transportation, to provide a more comprehensive 

understanding of its impact on the tourism industry. 

In conclusion, this research article contributes significantly to the international body of knowledge in tourism 

theory by emphasizing the importance of considering uncertain conditions when developing tourism forecasting 

models and providing a methodological approach for estimating tourism industry losses due to the Covid-19 

pandemic. Its findings have practical implications for tourism policymakers, academics, and industry practitioners, 

and provide a foundation for future research in this field. 
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