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Bali is a famous tourist area and can significantly contribute to the 

Indonesian tourism sector. The COVID-19 pandemic has made 

Indonesian tourism, including Bali tourism, experience a decline. In 

March 2022, COVID-19 cases decreased, and the government began 

to relax some policies. The tourism sector is vital in economic recovery 

efforts after the COVID-19 pandemic. Therefore, it is necessary to 

identify tourism recovery to determine strategies and policies related 

to Indonesian tourism, especially in Bali. Multivariate time series 

forecasting of tourism demand can be used to identify tourism 

recovery using several significant data sources. The methods used are 

Vector Autoregressive (VAR), Support Vector Regression (SVR), 

Long Short-Term Memory (LSTM), and Gated Recurrent Unit (GRU). 

The data used are the monthly official number of tourists, room 

occupancy rate, Google Trends, number of booking.com user reviews, 

and nighttime light intensity in Bali Province from January 2019 to 

December 2022. The results show that the best forecasting method is 

VAR, and modeling with multivariate time series forecasting can 

improve the performance of forecasting results. In addition, big data 

can be used as a source of supporting data that can provide better 

forecasting results, and the size of the dataset affects the selection of 

the best model. Furthermore, the descriptive and forecasting analysis 

results show that Bali tourism has experienced post-pandemic tourism 

recovery. The strategies and policies of the Bali government to restore 

Bali tourism faster are good enough. 
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INTRODUCTION  

The tourism sector is one of the service-based sectors that plays a vital role in the 

Indonesian economy. It can be shown in 2021 when the tourism sector contributes to the 

national GDP by 4.2 percent (Yanwardhana, 2021). The tourism sector is also one of the 

sources of foreign exchange earnings. Based on data from BPS-Statistics Indonesia (2018) 

the tourism sector contributed USD 16.426 Billion (4.5% of GDP) to Indonesia's foreign 

exchange in 2018. Indonesian tourism has been recognized by tourists from various 

countries, especially Bali tourism. Tourism on the island of Bali is one of the tourism in 

Indonesia that can significantly contribute to Indonesia. Based on 2017-2021 data from 

BPS-Statistics of Bali Province (2021), most foreign tourists visiting Indonesia visit Bali. 

Bali Island is not only a destination for foreign tourists, but it is also a destination for 

domestic tourists. Indirectly, Bali Island already has its magnet to attract tourists to visit 

Bali Island through natural tourism, cultural tourism, and religious tourism. 

The existence of the COVID-19 pandemic that entered Indonesia in early 2020 

made Indonesia's tourism activities, including Bali Tourism, experience a decline (Pramana 

et al., 2022). The number of tourists, both foreign tourists and domestic tourists, has 

decreased significantly. Based on BPS data in 2020 and 2021, the growth of domestic 

tourist visits to Bali was negative. The COVID-19 pandemic has also caused the Gross 

Domestic Product (GDP) for the tourism sector and foreign exchange to decline. 

Starting in March 2022, the number of COVID-19 cases has declined. The 

government began to relax some health protocol policies and people began to resume 

normal activities. The prolonged pandemic has encouraged tourists to travel. It can be an 

indication of the recovery of the tourism sector. The tourism sector has an essential role in 

recovering the economy after the COVID-19 pandemic, so tourism recovery needs to be 

identified. Tourism recovery can be identified by using tourism demand forecasting. 

Tourism demand is one measure of tourism based on goods and services used in a country 

as measured by the number of tourists (Friscintia & Alamsyah, 2019). Accurate forecasting 

can provide good results for the medium term and build tourism strategies, pricing policies, 

investment plans and strategies, and allocation of existing resources.  

Nowadays, tourism demand forecasting cannot only rely on statistical data 

published by the government. The use of big data can be one of the data sources for 

forecasting tourism demand (Li et al., 2020). In addition, remote sensing data can be linked 

to tourism activities (Chang et al., 2022). The use of multisource data can strengthen the 

process of identifying tourism recovery (Bi et al., 2020; Liu et al., 2018; Zhang & Tian, 

2022). Multivariate time series forecasting can be a solution for identifying tourism 

recovery in Indonesia. Research on tourism demand forecasting using multivariate time 

series and big data has been conducted in many other countries, but the Indonesian locus is 

still rare (Frechtling, 2001; Li et al., 2020; Song et al., 2019). These studies have also 

utilized deep learning technology, which still needs to be applied in research related to 

tourism demand forecasting in Indonesia. The utilization of deep learning technology in 

the field of tourism has been widely done to develop new and better models that can 

recommend the most suitable tourist activities/attractions (Cepeda-Pacheco & Domingo, 

2022; Essien & Chukwukelu, 2022). 

Research conducted by (Zhang & Tian, 2022) entitled "Forecast daily tourist 

volumes during the epidemic period using COVID-19 data, search engine data, and weather 
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data". This study forecasts the volume of tourists during the COVID-19 pandemic using a 

hybrid model of Variational Mode Decomposition and Gated Recurrent Unit Networks 

(VMD-GRU) and then compares it with other methods. Other forecasting methods used in 

this study are Simple Random Walk, ARIMAX, Support Vector Regression (SVR), 

Artificial Neural Network (ANN), Long Short-Term Memory Networks (LSTM), Gated 

Recurrent Unit Networks (GRU), hybrid model Empirical Mode Decomposition and Gated 

Recurrent Unit Networks (EMD-GRU), hybrid model Ensemble Empirical Mode 

Decomposition and Gated Recurrent Unit Networks (EEMD-GRU), and hybrid model 

Variational Mode Decomposition and Long Short-Term Memory Networks (VMD-

LSTM). The data used are the number of COVID-19 cases, search engine data, and weather 

data. The result of this study is that VMD is very suitable for predicting non-stationary 

traveler volumes and can significantly improve forecasting performance. In addition, the 

GRU network has the best performance in forecasting the volume of tourists and the use of 

multisource big data can improve the quality of forecasting results (Zhang & Tian, 2022). 

Furthermore, a previous research study entitled "Daily Tourism Volume 

Forecasting for Tourist Attractions" was conducted by (Bi et al., 2020). This research 

analyses the daily tourism volume in the Jiuzhaigou and Huangshan mountain areas using 

the Long Short-Term Memory (LSTM) method. Other methods compared are the naïve 

method, ARIMAX, ANN, and SVR. In addition, this study was also conducted using 

several combinations of variables. The data used in this research are historical, search 

engines, and weather. The result of this research is that the LSTM method can be used for 

forecasting using historical, search engine, and weather data to produce solid data and 

forecast tourism volume. This research has shortcomings, among others, in forecasting 

using only three variables even though in real life, some other factors or predictors may 

have an influence on tourism volume (Bi et al., 2020). 

(Liu et al., 2018) conducted research titled "Big Data Analytics for Forecasting 

Tourism Destination Arrivals with the Applied Vector Autoregression Model". This study 

analyses the correlation of weather, temperature, weekends, and holidays with tourist 

destination arrivals and web search requests and then performs forecasting analysis. The 

method used is Vector Autoregression (VAR) and the data use daily ticket data, weather, 

temperature, calendar information, weekends and public holidays), and web search queries. 

This study found that weather does not correlate with the actual arrival of the cultural 

tourism destinations studied or with web search queries (Liu et al., 2018). 

Research on Indonesian tourism using big data has been conducted. (Pramana et 

al., 2022) conducted one of the studies titled "Impact of COVID-19 pandemic on tourism 

in Indonesia". This research investigates the different impacts of the COVID-19 pandemic 

on the tourism industry. The method used is clustering. The data used in this study are room 

occupancy rate data published by BPS, Google mobility index data, the number of flights 

from the flight status website, the number of reviews from TripAdvisor, the number of 

reviews from Booking.com, and data from Google Trends. This study provides results that 

show that the COVID-19 pandemic impacts the tourism industry and each province has a 

different impact. The utilization of big data helps the government and industry to provide 

knowledge about tourism plans and needs, real-time visitors, rates, and recommendations 

for activities and tourist attractions (Pramana et al., 2022). 

Meanwhile, tourism demand forecasting in Indonesian tourism has also been 

carried out. Research conducted by (Friscintia & Alamsyah, 2019) titled "Forecasting 
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Tourism Demand in Indonesian Tourism with the Artificial Neural Network 

Backpropagation Method" created a model to forecast tourism demand in Indonesia 

accurately. The data used in this study are historical data on Gross Domestic Product 

(GDP), Customer Price Index (CPI), and exchange rates of visitor countries, which are used 

as variables that affect the number of foreign tourist arrivals. This study shows that the 

government can use ANN forecasting to anticipate the availability of tourism infrastructure 

and services. This research has limitations in only using three variables to forecast tourism 

demand. In forecasting tourism demand using ANN, the proper configuration process is 

needed to choose architecture, parameters, and delays to ensure the model can work 

optimally (Friscintia & Alamsyah, 2019). 

Recovering tourism is not far from the influence of a strategic leadership 

perspective, where leaders are required to prepare strategies to develop technical 

capabilities (Fenitra et al., 2022). The leader in this context is the government, which must 

also provide financial support and always strive to improve the international image (Yang 

et al., 2024). Taking a promising approach to the tourism industry's micro, small, and 

medium enterprises can also accelerate the recovery process (Fenitra et al., 2022). Another 

strategic approach that can be taken is a strategic approach with public-private partnerships 

and collaboration to develop local tourism (Alcoriza & Policarpio, 2023). In the tourism 

recovery process, focusing on product development, marketing, and destination 

coordination is critical (Faeni et al., 2023). 

The government needs to identify Indonesia's tourism recovery immediately to 

determine strategies and policies related to Indonesian tourism. Tourism recovery is an 

urgent process in every country that aims to boost the economy and revive the lives of its 

people (Lin et al., 2023). Therefore, this study identifies tourism recovery through tourism 

demand forecasting using multivariate time series data consisting of big data and available 

tourism-related secondary data. The use of multivariate time series data can provide more 

accurate forecasting. The locus of this research is Bali Province because Bali is the icon of 

tourism in Indonesia. 

 

METHODOLOGY 

 The time series data used in the study is from January 2019 to December 2022, 

with a monthly period. Based on related research and the availability of existing data, five 

variables will be used for forecasting. The following is an explanation of the data used. 

 

Number of tourists visits 

This study uses data on the number of monthly foreign tourists from Ngurah Rai 

Airport and Benoa Port and the number of domestic tourists who go to Bali. Foreign tourists 

were obtained from the Directorate General of Immigration, while domestic tourists were 

obtained from the survey results of the Bali Provincial Tourism Office. This data has been 

published by BPS Bali Province. In this study, the data on the number of tourists visits is 

denoted by "H". 

 

Room Occupancy Rate (ROR) 

Room Occupancy Rate (ROR) is the ratio between the number of room nights used 

and the number of room nights available. This study uses ROR for all classes of star hotels. 
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ROR data is obtained from the results of the Monthly Hotel Survey (VHTS), BPS Bali 

Province. In this study, ROR data is denoted by "T". 

 

Google Trends 

Google Trends is an index that shows the volume of keywords entered by users in 

a region. In this research, several keywords related to Bali tourism will be taken and then 

made into a composite index using the first principal component analysis by considering 

the weight of each keyword. The category used is travel and the keywords used are Bali, 

tourist Bali, Bali tourism, hotel Bali, travel in Bali, holiday in Bali, Bali tourist place, and 

Bali Indonesia. 

The keywords are made into one time series or commonly called a composite index 

using Principal Component Analysis (PCA) weighting. After obtaining the first principal 

component, the PCA weight calculation will be carried out. First, calculate the weight value 

for each keyword in the first component. 

 

 𝐵 =
𝐿𝐹

𝑅𝐿𝐹
× 𝑅𝑆𝑆𝐿 …(1) 

 

Where: 

LF = loading factor 

RLF = average loading factor in 1 component 

RSSL = proportion of variance.  

 

The second step is to calculate the contribution of each keyword. 

 

 𝑏 =  
𝐵

𝐽𝐵
 …(2) 

 

Where: 

B = weight,  

JB = sum of weights.  

 

The third step is to calculate the composite index as follows: 

 

 𝐶𝑜𝑚𝑝𝑜𝑠𝑖𝑡𝑒 𝐼𝑛𝑑𝑒𝑥 =  ∑ 𝑏𝑖𝐾𝑖 …(3) 

 

Where: 

𝑏𝑖 = contribution weight value,  

𝐾𝑖 = keyword search index value (Pramana et al., 2022).  

 

In this research, the composite index data from Google Trends is denoted by "S". 

 

Number of Booking.com user reviews 

Booking.com is one of the world's leading digital travel companies, available in 43 

languages and offers over 28 million accommodation listings, including more than 6.6 

million houses, apartments, and other unique places to stay (Booking.com, n.d.). Data 

collection using web scraping is used to collect the number of reviews from Booking.com 
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from each hotel in Bali. In this study, only count the number of reviews in the column of 

the date of stay at the hotel. The steps taken to collect data on the number of reviews from 

Booking.com are as follows. 

1. Scraping the accommodation data list. The data obtained from scraping this 

accommodation data list consists of hotel name, URL, aid, and province. 

2. Scraping reviews. After getting the list of accommodations, the next step is 

scraping to extract the review information, as presented in Figure 2. The data 

collected consists of province, hotel name, reviewer name, reviewer origin, room 

type, review date, hotel stay date, review score, review reaction, good comments, 

and bad comments. 

3. Data cleaning. The raw data obtained from the previous step is cleaned from 

duplicate data before being analyzed.  

In this study, the data on the number of Booking.com user reviews is denoted by 

"B". 

 

Intensity Night Time Light (NTL) 

Night-Time Light Intensity data is obtained through cloud-free composite data 

from VIIRS Day/Night Band (DNB), which is then aggregated with regional boundaries 

using the zonal statistics feature. Areas that have high NTL intensity values can be 

identified as urbanized areas and maintain more tourism infrastructure and services (Chang 

et al., 2022; Devkota et al., 2019). NTL is currently also used for different purposes, such 

as poverty mapping, as it can be used as an approach to economic activity in an area (S. R. 

Putri et al., 2023; Ramadhan et al., 2023; Utami et al., 2023). 

In this study, NTL intensity data is denoted by "N". The processed satellite images 

were then aggregated with the boundaries of the area. In this research, aggregation was 

done using the zonal statistics function available in QGIS. 

  

Multivariate Time Series Forecasting 

 This research uses multivariate time series forecasting, one type of forecasting with 

more than one variable that changes over time, where the results can be more accurate than 

using univariate time series. Data analysis in this study was carried out with the help of 

RStudio software and Python. The research flow used is based on the research of Li et al. 

(2020) and Zhang and Tian (2022). The flow of this research is illustrated in Figure 1.  
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Figure 1. Research flow chart 

Source: Li et al., 2020; Zhang & Tian, 2022 

 

Step 1: Data Preprocessing  

This research uses multivariate time series data to convert each variable into time 

series data with a monthly period. In the Booking.com user review data, data validation has 

previously been carried out, including data checking and data updating. Then, the number 

of reviews data will be aggregated to calculate the number of reviews per month. The 

Google Trends composite index data needs to be aggregated from per week to per month. 

After all variables are in the form of time series data, all variables are made into one file 

and then ready for further analysis.  

 

Step 2: Descriptive Analysis 

In this study, descriptive analysis was carried out to see the condition of Bali 

tourism on each variable in three periods, namely the period before the COVID-19 

pandemic, the period during the COVID-19 pandemic, and the transition period to the 

endemic (Table 1). 

 

Table 1. Date categories according to the chronology of events 

Time Period Event Name Event Date 

I The period before the COVID-19 Pandemic January 2019 – February 2020 

II During the COVID-19 pandemic March 2020 – March 2022 

III Transitional period toward endemic April 2022 – December 2022 

Source: Biro Komunikasi dan Informasi Publik, 2022; Nuraini, 2020 

 

Step 3: Forecasting Model Analysis 

Previous research is the basis for choosing the method to be used. The method used 

in modeling to predict tourism demand using multivariate time series data is as follows. 
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Vector Autoregressive (VAR) 

The VAR model is a method for forecasting time series data of more than one 

variable that assumes all variables in the model are endogenous variables (Widarjono, 

2013). The VAR model can be used to explain simultaneous variables that have an 

influence on each other. In other words, this VAR is two-way influencing each other. 

 

Long Short Term Memory (LSTM) 

LSTM is a Recurrent Neural Network (RNN) capable of learning short-term and 

long-term dependencies (Zhao et al., 2017). LSTM has three gates: forget gates, which 

decide what information to remove from the cell; input gates, which decide what new 

information to store in the cell; and output gates, which decide what to produce. 

 

Gated Recurrent Units (GRU) 

GRU can be a variation of LSTM, but its internal structure is simpler because GRU 

has fewer calculations required to update the hidden states, making training time faster 

(Gulli & Pal, 2017). GRU has two gates, which are update gates and reset gates. 

 

Support Vector Regression (SVR) 

Support Vector Regression (SVR) is the application of a Support Vector Machine 

(SVM) to solve regression cases (Jändel, 2010). The output of SVR is both real and 

continuous. SVR is able to overcome overfitting. Another advantage compared to other 

regression methods is that SVR can handle nonlinear regression problems efficiently.  

 

Step 4: Identify Tourism Recovery 

After model evaluation, the best model will be used for further forecasting analysis 

to identify whether there is a recovery in tourism. The data used is the overall data from 

January 2019 to December 2022. 

 

FINDINGS AND DISCUSSION 

Number of tourists visits 

Figure 2 shows that before the COVID-19 pandemic, the number of tourists coming 

to Bali, both domestic and foreign, increased during June-August and December-January. 

This is because these months are high seasons in Bali. During the COVID-19 pandemic, 

the number of tourists coming to Bali, both domestic and foreign tourists, experienced a 

very significant decline. Even for foreign tourists from June 2021 to January 2022, only a 

few foreign tourists were visiting Bali. This is because the number of COVID-19 cases 

increased that month, so the international entrance to Bali was closed (Paludi, 2022). The 

number of tourists decreased by 74.07 percent compared to the period before the pandemic. 

During the transition period to the COVID-19 endemic, the number of tourists coming to 

Bali gradually increased. This can be an indication of tourism recovery in Bali. 
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Figure 2. The number of foreign tourists and domestic tourists (in millions) visiting Bali, 2019-2022 

Source: Author’s analysis, 2023 

 

Room Occupancy Rate (ROR) 

The Bali Hotel Room Occupancy Rate (ROR) for all hotel classes began to 

experience a significant decline in March 2020, as shown in Figure 3. Compared to March 

2019, which reached 55.43 percent, the room occupancy rate in March 2020 decreased by 

45.84 percent. Even during the COVID-19 pandemic, the ROR reached its lowest point in 

May and June 2020 when the hotel ROR value in Bali for all classes was only 2.07 percent. 

The ROR value decreased by 79.81 percent compared to the pre-pandemic period and can 

be categorized as a low ROR value (small). A small ROR value can mean that 

accommodation in the area is less attractive to visitors and vice versa. A high ROR value 

can mean that visitors consider accommodation in the area desirable. However, during the 

COVID-19 pandemic, a small ROR value does not mean that the area is in less demand by 

visitors; somewhat, the number of tourists visiting Bali has decreased. Bali is one of the 

provinces that experienced the most significant decline in Room Occupancy Rate (ROR) 

values (Pramana et al., 2022). During the transition period to the COVID-19 endemic, 

starting in March 2022, the ROR value increased again. 

 
Figure 3. Room Occupancy Rate (ROR) of hotels in Bali, 2019-2022 

Source: Author’s analysis, 2023 
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Google Trends 

 
Figure 4. Composite index of multiple keywords on Google Trends, 2019-2022 

Source: Author’s analysis, 2023 

 

In the pre-pandemic period, the value of the Google Trends composite index 

(presented in Figure 4) increased in the vacation months of June-August and the end of the 

year in December-January. Then, March 2020 experienced a significant decline, and during 

the transition period towards the endemic, it showed a gradual increase. When viewed from 

the monthly average during the COVID-19 pandemic, there was a decrease of 61.67 percent 

compared to the period before the COVID-19 pandemic. The decline in Google searches 

for keywords related to Bali tourism is due to restrictions on community activities and 

mobility, which allow people to do all their activities from home. It has an impact on 

reducing the intensity of people's search for things related to activities outside the home, 

such as vacations. During the transition period to the COVID-19 endemic, this composite 

index experienced a gradual increase. The prolonged pandemic has encouraged tourists to 

travel to Bali, so Google search for keywords related to Bali tourism has increased again. 

 

Number of reviews from Booking.com 

 
Figure 5. Number of user reviews of Booking.com hotels in Bali, 2019-2022 

Source: Author’s analysis, 2023 

 

When compared to other provinces in Indonesia, Bali Province has a larger number 

of hotel accommodations. This number of Booking.com user reviews, as shown in Figure 
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5, includes both international and domestic reviews. Most reviewers come from Australia, 

domestic tourists, France, and Germany. This is in line with the results of BPS publications 

regarding the number of foreign tourists visiting Bali. Australian tourists dominate foreign 

tourists who come to Bali (BPS, 2022). In the pre-pandemic period, there was an increase 

in the number of Booking.com user reviews in July-August and at the end of the year 

(December-January). 

In March 2020, there was a very significant decline. Compared to the period before 

the COVID-19 pandemic, the average number of reviews per month during the COVID-19 

pandemic decreased by 92.3 percent. The lowest value for the number of Booking.com user 

reviews occurred in May 2020, with only 192 reviews. During the COVID-19 pandemic, 

the number of reviews per month of visitors from Indonesia has mostly stayed the same 

when compared to the number of reviews per month of visitors from abroad. In February 

2022, the number of Booking.com user reviews started to increase gradually. This gradual 

increase in the number of reviews can be interpreted as a recovery in Bali tourism. 

 

Night Time Lights Intensity 

Of the five variables shown previously, only the Night Time-Light Intensity 

variable has a different pattern (see Figure 6). The graph shows that the COVID-19 

pandemic does not influence the NTL intensity value. NTL intensity values tend to provide 

a similar pattern from year to year or what is commonly referred to as a seasonal pattern. 

At the beginning of the COVID-19 pandemic, almost all districts or cities in Bali Province 

experienced a decrease in community activity. However, after the implementation of 

PPKM in early 2021, some areas in Bali Province experienced an increase in activity 

(Putro, 2022). 

 
Figure 6. Night Time-Light (NTL) Intensity Bali Province, 2019-2022 

Source: Author’s analysis, 2023 

 

Best Forecasting Model Analysis 

Modeling using VAR starts with a stationarity test of the data and the determination 

of the optimal lag. Then, modeling will be done based on the best lag. Forecasting using 

SVR is done with Radial Basic Function (RBF) kernel; gamma 0.5; C 10; and epsilon 0.05. 

Epoch 250 and batch size 32 were used for forecasting with deep learning model 

specifications. Researchers determine the best model by comparing the model evaluation 

of each method and the combination of variables used. The result is presented in Figure 7. 
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By doing this comparative analysis, we can find out how multisource data improves the 

performance of forecasting results. 

 

 
Figure 7. Ranking of Evaluation Model 

Source: Author’s analysis, 2023 

 

The results of the three model evaluations above show that the best forecasting 

model is a model with a combination of HTSBN variables using the Vector Autoregressive 

(VAR) method. The HTSBN model with the VAR method has a model evaluation value of 

RMSE 283,699.9; MAE 220,987.4; and MAPE 0.219 (this forecasting model can be 

categorized as good enough or feasible to use). Visualization of the ranking results of the 

model evaluation can be seen in Figure 7. 
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Forecasting tourism demand using multivariate time series where the data used 

consists of a combination of BPS data with data sourced from big data has been able to 

improve the performance of forecasting results. Previous research shows that integrating 

various data sources has the advantage of improving the results of tourism demand 

forecasting (Li et al., 2020). The selection of appropriate variables for multivariate time 

series forecasting is also able to improve the performance of forecasting results. In addition, 

the size of the dataset used in this study also plays a vital role in determining the best model. 

The size of the dataset used in this study can be categorized as small because there are only 

48 data points in this study. The use of machine learning can provide better performance if 

the dataset used is large (Cerqueira et al., 2019). For small datasets, classical methods show 

better performance. However, as the dataset size increases, the machine learning method 

can outperform the classical method. This is in line with the results of this study, which 

show that the best model is the one using the VAR method. 

The model uses a combination of big data variables and BPS data. Big data can 

already be used as an alternative data source for forecasting tourism demand. Big data has 

been used as a supporting data source for official statistics produced by BPS Statistics 

Indonesia, which is integrated with survey or administrative data available at BPS (Faris & 

Pramana, 2021). 

 

Identify Tourism Recovery  

Based on the model evaluation, the best model obtained is a model with a 

combination of HTSBN variables using the VAR method. Forecasting is carried out using 

all data to identify tourism recovery (January 2019-December 2022) using the best method 

and variable combination. 

Before forecasting modeling, a stationary test is conducted using the Augmented 

Dickey-Fuller (ADF) test. Based on the ADF test results, at the level α=0.05, only the NTL 

intensity variable is stationary, while the other variables are not stationary. Then, the data 

is standardized and differenced. After standardizing and differencing, all variables are 

stationary. Because the data is stationary, the next step can be continued, namely testing 

the lag length. 

The optimum lag is the lag that has the smallest AIC, BIC, FPE, and HQIC values. 

Based on optimum lag test results, the criteria that indicate the optimum lag is at lag 6 

because it has the smallest AIC, FPE, and HQIC values. By using lag 6, VAR modeling 

will be done for forecasting.  

Then, to check whether the model is sufficiently able to explain the variance and 

pattern in the time series, the residual serial correlation test is used using the Durbin Watson 

test. Based on the Durbin Watson test results, the serial correlation looks quite good 

because the resulting value of each variable is close to 2, so it can be concluded that there 

is no significant serial correlation. The VAR model equation obtained from this study for 

the number of tourists is as follows. 

 

 𝐻𝑡 = 0,67𝑇𝑡−1 − 0,66𝐵𝑡−1 − 0,289𝑁𝑡−4 …(4) 

 

The number of tourists with ROR has a positive one-way relationship. ROR is 

influential at lag 1 because it has a probability value that is smaller than𝛼 (0.05). In addition, 

the number of tourists has a negative one-way relationship with the number of 
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Booking.com user reviews and NTL intensity. The number of Booking.com user reviews 

was affected at lag 1 and NTL intensity was affected at lag 4. 

After analyzing the VAR model, VAR model forecasting will be carried out. 

Forecasting is done for the next 12 months. The results of this forecasting are used to 

identify the progress of Bali’s tourism recovery. 

 

 
Figure 8. Tourism demand forecasting results and the actual data 

Source: Author’s analysis, 2023 

 

Based on Figure 8, Bali tourism's condition has generally experienced recovery. 

However, Bali tourism cannot be said to have recovered one hundred percent like the 

conditions before the COVID-19 pandemic. Based on previous research, Bali Province is 

a province whose tourism has yet to be able to bounce back quickly when compared to 

other provinces. In other words, Bali's tourism recovery still needs to catch up to other 

provinces (Pramana et al., 2022). Therefore, the government has made many policies and 

strategies to overcome this. Rather than refining the existing model, systematic change is 

needed to cope with another extraordinary event and build a stronger tourism system 

(Gössling & Higham, 2021; Rosenbloom et al., 2020). Although not fully recovered, the 

hard work of the government and the Balinese people to restore Bali's tourism conditions 

after the COVID-19 pandemic has produced quite good results. The most essential 

component of tourism recovery is the tourists, who must be willing to go on holiday and 

recreate during the COVID-19 pandemic (Gössling & Schweiggart, 2022). 

The forecasting results graph shows that in January 2023, the number of tourists 

decreased. Then, in February and March 2023, the number of tourists visiting Bali began 

to increase again. The Bali Tourism Office has compiled tourist, cultural, MICE (Meeting, 

Incentive, Convention, and Exhibition), and sports events spread across the districts or 

cities of Bali Province. This is one form of strategy carried out by the government to restore 

Bali tourism. One of the MICE events held in February 2023 was the ASEAN+3 meeting 

(ASEAN countries together with Japan, Korea, and China) held at the Bali Nusa Dua 

Convention Center (BNDCC). The increase in the number of tourists coming to Bali in 

March 2023 is due to the long Nyepi holiday (K. Putri, 2023). Nyepi Day falls on 

Wednesday, so employees can apply for leave for Monday and Tuesday so that employees 

get five days off starting from Saturday. 
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For the forecasting results for April to June 2023, the number of tourists has 

decreased again. Many problems exist regarding foreign tourists visiting Bali when 

associated with the current field conditions. Many foreign tourists have violated both the 

law and cultural ethics in Bali, so from January to May 2023, there have been 123 foreign 

tourists deported from Bali (Winata, 2023). The easy access to Bali and the lack of strict 

regulations make the list of violations committed by foreign tourists more and more. 

Therefore, the Balinese government needs to evaluate and tighten tourism regulations in 

Bali so that tourists who come on vacation to Bali can feel comfortable and safe. Tightened 

tourism regulations and entry access can lead to a decrease in the number of tourists coming 

to Bali. 

In the tourism demand forecasting graph, the number of tourists rose again in July 

2023. This is because July is the vacation season for school children in Indonesia. In 

addition, Australia, as a country that dominates foreign tourist visits to Bali, is also on 

winter vacation. This increase in the number of tourists lasts until August 2023. However, 

in September 2023, there was a slight decrease in tourists. In October 2023, the forecasting 

results of the number of tourists visiting Bali increased again until the peak at the end of 

2023. Based on the forecasting results, in December 2023, the number of tourists visiting 

Bali will be more than that in December 2022. The increase in the number of tourists 

visiting Bali in December is because there are long holidays in this month (Christmas, New 

Year, and school holidays). In addition, countries such as the United States, South Korea, 

Japan, countries in Europe, and surrounding countries are on winter vacation and Australia 

is on summer vacation. 

However, after being compared with the actual data on the number of foreign and 

domestic tourists in 2023, for the months of January to April 2023, the amount remained 

the same. Based on forecast data, for January-April 2023, there was an increase. However, 

in reality, there was a decrease. Based on data from BPS, domestic tourists still dominate. 

The number of foreign tourists from January to April is half that of domestic tourists. So, 

tourism recovery is slower from January to April. This is because there are still COVID-19 

regulations from outside regarding going abroad, especially for holidays. In May 2023, 

WHO stated that the pandemic had ended (WHO, 2023). The emergence of this statement 

was followed by an increase in the number of tourists in Bali. Tourism recovery in Bali is 

starting to improve. 

The Bali government's strategy and policy in restoring Bali tourism faster is 

appropriate for now. The Bali government still has to improve Bali's image in the 

international arena. There is a need for a review of tourism regulations in Bali by the 

Balinese government and regulations on access to Bali to realize quality, safe, and 

comfortable Bali tourism. Anticipatory planning and management are essential and can 

contribute to tourism recovery (Gössling & Schweiggart, 2022). Not only the government 

but also market players, technology innovators, and the workforce working in the tourism 

industry are participating in the tourism recovery program (Sharma et al., 2021). 

 

CONCLUSION 

Before the COVID-19 pandemic, the variables of the number of tourists, Room 

Occupancy Rate (ROR), a composite index of several Google Trends keywords, and the 

number of Booking.com user reviews increased in June-August and December-January. 
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During the COVID-19 pandemic, these four variables experienced a significant decline. 

Meanwhile, during the transition to the COVID-19 endemic, it has shown a gradual 

increase. This can mean that Bali tourism has been recovering little by little. The Night 

Time Light (NTL) intensity variable has a value that is not much different from the three 

periods (before the pandemic, during the pandemic, and during the transition to the 

COVID-19 endemic). 

The best model for forecasting tourism demand is a model with a combination of 

variables of the number of tourists, ROR, Google Trends, number of reviews, and NTL 

intensity (HTSBN) using the Vector Autoregressive (VAR) method. This best model is 

influenced by the size of the dataset used. Since the dataset used is small, the classical 

method shows better performance. Modeling using variables that are only sourced from big 

data has been able to create a forecasting model that is as good as a forecasting model that 

uses variables only from BPS data. However, the model evaluation value will be even better 

if the forecasting model uses variables from big data and BPS data. Therefore, big data can 

already be used as a supporting data source for forecasting tourism demand. 

The forecasting results of tourism demand show an increase, so it can be concluded 

that Bali has experienced a tourism recovery. However, Bali's tourism recovery cannot be 

said to have recovered to its pre-pandemic condition. For now, the strategies and policies 

of the Bali government to restore Bali tourism faster are good enough. In the future, the 

government can organize international events that invite international tourists to Bali. In 

addition, the government needs to support all businesses in the tourism sector, such as 

UMKM. The government needs to make improvements, maintenance, and renewal 

regarding infrastructure and tourism facilities. 

This research has shown that the best forecasting method, namely the model using 

the VAR method and modeling with multivariate time series forecasting, has improved the 

performance of forecasting results. In addition, this research also shows that big data can 

be used as a source of supporting data that can provide better forecasting results.  

This study has limitations, namely the limited data available so that only five 

variables are used (number of tourists, Room Occupancy Rate (ROR), Google Trends, 

number of Booking.com user reviews, and NTL), so the results are still not optimal. 

Therefore, future research can add other variables related to tourism demand, such as the 

number of holidays, weather, GDP, consumption price index, rupiah exchange rate, and the 

number of reviews from other travel sites such as TripAdvisor. Adding data periods used 

for forecasting according to data availability can also be a recommendation for future 

research. In terms of methods, future research can use XGBoost, Decision Tree Regression, 

or variations of methods using a combination of deep learning and VAR to improve 

forecasting accuracy. Increased forecasting accuracy can provide accurate forecasting 

results so that the government can precisely determine strategies and policies. The Bali 

government's strategy and policy in restoring Bali tourism faster is appropriate for now. 

The Bali government still has to improve Bali's image in the international arena. There is a 

need for a review of tourism regulations in Bali by the Balinese government and regulations 

on access to Bali to realize quality, safe, and comfortable Bali tourism. 
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