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Abstract 
Bali is one of the tourist destinations that is popular with international travelers (tourists). The 

number of tourist attractions in Bali also establishes a lot of jobs for the people around the tourist 

attractions. However, challenged with the Covid-19 pandemic, the number of travelers arrivals fell by 

99.99% (source: BPS Bali). This study provides a model for forecasting the number of 

international travelers visiting Bali using the FBProphet method. The dataset will go through the pre-

processing stage and processed by FBProphet to match the forecasting model. From this model, it 

will be used to forecast for 30 days and calculate the MdAPE error rate with an error metric and the 

result value is 0.94. 
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Introduction 

Bali is a tourist destination that has attractions of its culture, nature, and various culinary 

experiences. This has made Indonesia known internationally as one of the countries with 

popular tourist attractions, 1 as shown in Table 1. 
 

Table 1: National Percentage of International Traveler in 2019 
 

No. Province Percentage 

1 Bali 39.80 % 

2 Jakarta 24.13 % 

3 Batam 15.05% 

Source: BPS Bali Province 
 

Faced with the Covid-19 pandemic in 2020, both domestic and international travelers 

experienced a very significant reduction. To handle those issues, in March 2020 through the 

PP Number: 21, 2020 the Indonesian government has imposed Large-Scale Social 

Restrictions (PSBB). One of the PSBB regulations strictly limits foreigners entering 

Indonesian territory. Every foreigner who enters Indonesia must have a Health Certificate. 

The Indonesian government is trying to rehabilitate Bali’s economy by implementing health 

protocols like the Cleanliness, Health, Safety and Environment Sustainability (CHSE) 

program from the Ministry of Tourism and Creative Economy (Kemenparekraf) in all 

sectors. This program is based on the Decree of the Indonesian Minister of Health Number: 

HK01.07/Menkes/382/2020.2 

By looking at the pandemic situation, forecasting can help the government by describing the 

number of visits of international travelers to Bali. Forecasting is an approach to forecast the 

future based on quantitative values, including historical data and knowledge.3 FBProphet is 

an alternative machine learning approach for forecasting modelling that eases making time 

series forecasting models. In addition, FBProphet can process outliers data in a data set and 

data that undergoes dramatic changes.4 The purpose of this research is to create a forecasting 

model made based on the number of international travelers visiting Bali using the FBProphet 

method. Furthermore, the method can be modified to predict the scenario of a decrease in 

international travelers’ arrival coming to Bali. 
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Materials and Methods 

In time series forecasting there is architecture as the guide 

in forecasting, as can be seen in Fig. 1. 
 

 
 

Fig 1: Architectural of Time Series Forecasting. 

 

We use a Google Collaboratory to work with FBProphet by 

calling some libraries in Python, namely Pyplot, Numpy 

and Pandas. Pyplot is an additional library that functions to 

visualize data in graphic form. Numerical Python (Numpy) 

is a library which is utilized to process arrays more efficient 

and quickly. Next is Python for Data Analysis (Pandas) to 

import the library that can be written by typing Python code 

as shown in Fig. 2.5 
 

 
 

Fig 2: Python Code to Import Libraries 

 

Data Acquisition 

In this study, the dataset used is a dataset of the number of 

International travelers visiting Bali during the period of 

June 2019 – May 2021 (source: BPS Bali, Central Bureau 

of Statistics) because June is the start of summer break for 

the international travelers, especially American and 

European. 

 

Data Analysis 

1. Data analysis is carried out by ensuring the column 

that will be used for forecasting because the FBProphet 

Algorithm depends on two main parameters namely ds 

column (Datestamp) – it must be in YYYY-MM-DD 

format. For this reason, the attributes that will be used 

in forecasting are the “date” attribute as the ds column 

and “total” as the y column as shown in Fig. 3. 
 

 
 

Fig 3: The Python code to analyze history data. 

 

 

2. The “ds” column needs to be expanded with a certain 

number of dates by creating a column with predicted 

data (make_future_dataframe) and then specify the 

number of days in the period parameter as shown in 

Fig. 4.  
 

 
 

Fig 4: Python code to make a future data frame. 

 

3. Activate the prediction method that generates each row 

with predicted date and value which matches by “yhat” 

by writing Python code in Fig. 5. 
 

 
 

Fig 5: Python code to make predictive data. 

 

4. Visualize the forecasting results using the Plot function 

by writing Python code in Fig. 6. 
 

 
 

Fig 6: Python code to make plot function. 

 

5. Cross-validation is assigned to the model with initial 

and horizon parameters by writing the python coding 

in Fig. 7. 
 

 
 

Fig 7: Python Code to Cross-Validation. 

 

6. Employ performance_metrics to obtain various 

evaluation metrics for the horizon by comparing the 

actual value and estimated value (yhat). 

 

Facebook Prophet (FBProphet) 

The model on FBProphet relies on additive regression 

which identifies trends, seasons, holidays and jointly 

consolidates using Equation 1. 

 

𝑦(𝑡) =  𝑔(𝑡) +  𝑠(𝑡) +  ℎ(𝑡) +  𝜀(𝑡)  (1) 

 

Trend 
The trend is an increase or decrease in data modelled by 

making a piecewise linear curve, which is a connected line 

segment as shown in Fig. 8. A piecewise linear function is 

a function that has a domain that can be decomposed into 

parts where the model is not affected by spikes or missing 

data 6. 
 

 
 

Fig 8: A Continuous Piecewise Linear Function Graph 
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The piece linear model is the default approach to 

forecasting and can be computed using Equation (2). The 

piece linear model is a flexible model for linear and non-

linear functions as well as robust for outliers data model. 7 

 

𝑔(t)=(k+a(t)Τδ)t+(m+a(t)γ  (2) 

 

Seasonality 

Seasonality is a recurring pattern studied by FBProphet 

described in Equation 3. 

 

s(t)= ∑ (an cos (
2πnt

P
) +bn sin (

2πnt

P
))   

    N 

 n=1

  (3) 

 

Holiday or Event 

FBProphet allows analysis to provide a list of past and 

future events habits. Each day in the custom is separated by 

parameters using additional parameters to model Holiday 

or Event effects as shown in Table 2. 
 

Tabel 2: Seasonality and Holiday Parameters. 
 

No. Parameter Description 

1 Yearly_seasonality Fit yearly seasonality 

2 Weekly_seasonality Fit weekly seasonality 

3 Daily_seasonality Fit daily seasonality 

4 Holidays 
Feed data frame containing 

holiday name and date 

5 Seasonality_prior_scale 
Parameter for changing the 

strength of seasonality model 

6 Holiday_prior_scale 
Parameter for changing the 

strength of holiday model 

 

Results 

Pre-process data on the number of international travelers 

visiting Bali will be presented here: 

 

The Results of Features Selection.  
Fig. 9 Shows data from the dataset starting from June 1, 

2019, to May 31, 2021. The number continues to decrease 

until it no longer detects new international tourist arrivals 

and a total of 0 arrivals on May 31, 2021. 
 

 
 

Fig 9: Actual Data of International Traveler Visiting Bali. 

 

Dateframe History Analyze 
Based on Fig 10, it is known that the data set has 712 data. 

The dataframe that will be used is date and total visitor, 

because the input required by FBProphet is always a 

dataframe with two columns “ds” and “y”. 

 
 

Fig 10: The Dataframe of Foreign Tourist Visits to Bali. 

 

The Results of Historical Dataframe Analyze 

The forecasting model created will then be used to generate 

new visit values. Then to create a forecast value, a new data 

frame is required. This data frame consists of one column 

''ds''. Fig. 11. 
 

 
 

Fig 11: Dataframe of Foreign Tourist Visits to Bali. 

 

 

 

 

The Result of Forecasting New Number of Foreign 

Traveler Visits 

FBProphet assigns approximate values for each date in the 

“ds” column into a new column named “yhat”.8 The data 

frame of forecasting results can be seen in Fig. 12 which 

displays the “yhat” column along with the uncertainty 

interval.  
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Fig 12: Forecasting results Dateframe 

 

 
 

Fig 13: Forecasting Date Dataframe. 

 

Based on approximate date frame in Fig 13, there will be 3 

visits (exponent of 0.9453539) with uncertainty levels from 

0 visits (exponent -1.856856) to 40 people (exponent 

3.694105).  
 

 
 

Fig 14: The New Visits Chart. 

 

The x-axis represents the date range in “ds” column and the 

y-axis represents the value of the number of visits in the 

log. The Black Dot represents the historical “y” value in the 

most recent visit historical data dataframe. The dark blue 

line represents the result of the “yhat” forecast that has 

been made along with the level of uncertainty represented 

by the light blue area around the “yhat” line. Visualization 

of the comparison of actual data with forecasting results 

can be seen in Fig. 14 and Fig. 15. 
 

 
 

Fig 15: The Graph Comparison of actual data with predicted data 

 

Discussions 

From generated forecasting model, data will go through a 

cross-validation process to calculate the error rate as shown 

in Fig. 16. The results of the cross-validation will be 

employed by FBProphet to calculate the model error rate 

using Equation 4. 

 

𝑝t = |
yt-ft

yt

| = |
et

yt

|     (4) 

 

 
 

Fig 16: The Dataframe of Cross-Validation. 

 

FBProphet can measure several errors, one of which is the 

Median Absolute Percentage Error (MdAPE). MdAPE is 

determined by ordering the Absolute Percentage Error 

(APE) from smallest to largest and using the middle value 

(or the average of the two middle values if N is an even 

number) as the median as shown in Equation 5. 

 

MdAPE = median (p1,  p2, …,pN)    (5) 

 

MdAPE is calculating the percentage error between the 

forecast data and the final result and MdAPE is more 

resistant to outliers than MAPE and sMAPE, as can be seen 

in Fig. 17. 
 

 
 

Fig 17: The Error Rate Calculation Results. 
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Fig 18: The Metric Graph of MdAPE. 

 

Fig. 18 shows the absolute percent error for each prediction 

in the cross-validation data frame. It can be seen for the 

next 30 days, the forecasting results are good because the 

results of percentage error are close to 0%. 

 

Conclusions 

By using the FBProphet method resulted in forecasting new 

visits from June 1, 2021 to November 9, 2021. The 

Accuracy is calculated by the MdAPE with results of the 

percentage error are close to 0%. With this forecast, the 

FBProphet forecasting model is expected to be used as a 

fast and good forecasting alternative as a long-term 

forecasting tool. The results of the forecast and 

visualization from the analysis can be used as consideration 

for both tourism businesses and the Indonesian government 

in determining a strategy for the recovery of the tourism 

sector in Bali from the impact of the Covid-19 pandemic. 
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