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ABSTRACT 

Air traffic forecasting is important as it helps stakeholders to plan their budgets and facilities. Thus, three most 
commonly used forecasting models were compared to see which model suited the air passenger traffic the best. General 
forecasting equations were also created to forecast the passenger traffic. The equations could forecast around 6.0% 
growth from 2015 onwards. Another study sought to provide an initial work for determining a theoretical airspace load 
with relevant calculations. The air traffic was simulated to investigate the current airspace load. Logical and reasonable 
results were obtained from the modelling and simulations. The current utilization percentages for airspace load per hour 
and the static airspace load in the interested airspace were found to be 6.64% and 11.21% respectively. Our research also 
studied how ADS-B would affect the time taken for aircraft to travel. 6000 flights departing from and landing at the 
airport were studied. New flight plans were simulated with improved flight paths due to the implementation of ADS-B, 
and flight times of all studied flights could be improved.  

Keywords: ADS-B, satellite, air traffic, forecast, air passenger, flight plan, flight path, flight time, airspace load 

1. INTRODUCTION 

Air traffic management (ATM) [1] involves activities such as air traffic control (ATC) and aeronautical information 
services [2]. These enable aircraft to fly safely [3] in the airspace and allow improvements of the current status. Asia 
started towards a “Seamless Asian Sky” to mitigate the impact of having Asia’s infrastructure to be a bottleneck to 
growth in the future [4]. The unprecedented growth in air traffic volumes has resulted in an increasing strain on air 
transportation systems worldwide. Thus, a study in the current airspace load through the study of an air traffic controlled 
area is essential to understand the problems that may arise from congestion, workload of controllers and also aircraft 
delays [5]. Flight delays can be attributed by several factors such as weather, ground delays due to runway congestion 
and technical problems. A study conducted in Europe categorized the reasons for aircraft delays in 6 major categories 
[6]. The study [6] showed that around 25% of the delays were due to restrictions according to crowded ATC sectors and 
traffic restrictions. On top of that, crowded ATC sectors would indirectly cause delayed flight cycles which accounted 
for 30% of the total delays. More than half of the delays were caused by inefficiency in ATM. Hence, there is a need to 
study the current baseline airspace load.  

Forecasting is important for advanced manufacturing [7-9]. Air traffic forecasting is also important, as it helps the 
stakeholders to plan their budgets and facilities more efficiently. One our study compared three forecasting models for 
forecasting the air passenger traffic to find which model would suit the best, and attempted to create general forecasting 
equations. We also investigated the airspace load per hour and static airspace load by comparing theoretical calculations 
with the current airspace load.  

Steps are taken to cater for the air traffic increases with the most prominent technology being automatic dependent 
surveillance-broadcast (ADS-B). Using a GNSS (global navigation satellite system) receiver, the aircraft position is 
sensed and compiled together with the aircraft speed, altitude and flight number. The information is broadcasted via 
satellites to stakeholders equipped with the ADS-B system. ADS-B removes the time lag by eliminating the main cause 
of it, which is the rotating radar dish. Data can be transmitted efficiently and almost instantaneously through satellites.  

Singapore has made it compulsory for all aircraft flying above FL290 in its FIR to be equipped with ADS-B equipment 
[10]. However, research on the impact of ADS-B on Asian skies is yet to be done, because the implementation of ADS-B 
in the region is still in its testing phase. Thus, it is important to research if ADS-B will cater to the increase in air traffic 
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in Singapore, which currently accommodates one busiest airspace in the region. Our research studied how the use of 
ADS-B would have an impact on flight times. 

2. FORECASTING PASSENGER TRAFFIC DEMAND 

2.1 Methodology 

Using the air passenger traffic data from January 2010 to June 2015 [11] collected from an airport website, three 
forecasting models were compared for forecasting the passenger traffic demand from January 2013 to December 2016. 
The data from 2010 to 2012 were used as a basis to forecast the future passenger traffic. By producing a forecast from 
2013 onwards, comparison could be made to determine which time series model was more accurate in forecasting the air 
passenger traffic. Furthermore, an attempt to create general forecasting equations to predict the passenger traffic was also 
made. 

The time series models compared are ARIMA, Holt-Winters method and Trend Analysis with Decomposition. However, 
the statistical software used was unable to process data that consisted of large numbers when producing forecasts. Since 
the traffic data were large numbers (usually in millions), a logarithmic function was applied to make the data values 
smaller which the software could process. 

The monthly air passenger data from 2010 to 2014 could be found in the media archives on the airport website where the 
traffic data were published at the start of a new year. Due to the oldest archive found on the website being 2011, the 
collection of the monthly data started from the year 2010 onwards. As for the data of year 2015, the website published 
the number at the start of a new month.  

There was a seasonal pattern within each year of the passenger traffic from 2010 to 2014. The passenger traffic was the 
highest in December which was the holiday season worldwide when people would travel overseas. Also, the passenger 
traffic volume from June to August tended to be high, because school-going children had their long school holidays 
when their parents here would take the opportunity to bring them to other countries. February would have the lowest 
amount of air passenger traffic, as February does not have long school vacation days other than two Chinese New Year 
holidays, which only affect a particular group of travellers. Moreover, February is the only month that has 28 or 29 days. 
Thus, the volume of air passenger traffic would be lower than that in other months.  

This seasonal trend plays a role in forecasting air passenger traffic, and the stakeholders can roughly estimate the peak 
periods and non-peak periods to allocate resources efficiently. 

Furthermore, the yearly air passenger traffic had been steadily increasing with a slower growth from 2013 to 2015, and 
this could be attributed to the slower economic growth of the global economy, leading to a lower demand for air travel. 
However, the time series models compared is unable to take into account of the slowing global economy factor under the 
assumption that the environment is constant. Thus, there is a possibility that the forecasting models could forecast a more 
positive outlook. 

2.2 Results and Discussion 

Percentage differences were used to compare the three time series models. The percentage difference is defined as the 
forecast error divided by the actual passenger traffic value, where the forecast error is the difference between the 
forecasted value and the actual traffic value from January 2013 to June 2015. 

The percentage differences gradually increased for the forecasting models as the year increased. This indicated that the 
accuracy of the forecasting models actually decreased as the forecasted year increased. 

For the ARIMA model, there was a drastic increase in the percentage difference from 12.3% in January 2014 to 28.9% in 
January 2015. The ARIMA model could forecast one to two years ahead, which is classified as short to medium term 
forecasting. This is the limitation of using the ARIMA model as it requires more recent data to produce an accurate 
forecast. 

As for Holt-Winters method, the largest percentage difference occurred with 22.5%. Finding suitable values for 
smoothing constants required more time by using the trial and error method, which was the limitation of using Holt-
Winters method. 
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As for Trend Analysis with Decomposition, the percentage differences were relatively small, with the largest percentage 
difference of 21.5%. The limitation of using this model was the fitted curve of the quadratic equation. After reaching the 
maximum value, the value would start to decrease. It produced an illusion that the passenger traffic would reach a peak 
value and after that it would start to drop, which is highly unlikely. This method might need to be used every year or 
month to generate a new forecast to produce a new fitted equation, which would take up a lot of time. 

Comparing the three models, ARIMA fared the worst. The other models performed similarly, but both were not suited 
for long term forecasting of the air traffic. 

All three models forecast a general increasing trend of the air passenger traffic. The forecast for 2013 is quite close to the 
actual passenger traffic, and from 2014 onwards the difference between forecasts and the actual values becomes more 
pronounced. The drift may be attributed to the slowing global economy, which the three models are unable to take into 
account under the assumption that the environment remains unchanged. 

To forecast in the longer term, an attempt to create general forecasting equations was made. Due to the seasonal trend 
inherent in the data, creating one equation that would fit all the months was very difficult. Thus twelve general 
forecasting equations were created to cater specifically for each month. These equations were then used to predict the air 
passenger traffic from 2010 to 2020. 

Shown in Figure 1, the general forecasting equations forecast a steady growth of air passenger traffic. Also, the 
forecasted values were used to calculate the passenger growth from 2015 to 2020. Shown in Figure 2, the data from 2010 
to 2014 are the actual values [11] collected from the website, and the values from 2015 to 2020 are forecasted using the 
equations. The growth is close to 6% from 2015 onwards. In 2020, the expected passenger traffic would reach about 76 
millions. When the new terminal begins its operations, it is possible to handle 76 million passengers. 

 

 
 

 
Figure 1. Comparison of the general equation forecast with actual data. 
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Figure 2. Yearly air passenger traffic with actual data from 2010 to 2014 [11] and forecasted values from 2015 to 2020. 
 

3. AIRSPACE LOAD 

3.1 Method 

The methodology applied included the use of the simple airspace load model reported by Zhang and Wang [12] to 
establish the theoretical airspace load of the local FIR [13]. This model was preferred over other models such as SDD 
[14] and En-route capacity [5], because the parameters could be garnered more accurately. As a result, the results 
obtained could be interpreted and visualized easily.  

One author of this article simulated the flights in SAAM. Subsequently, comparison was made between the simulation 
results and the theoretical airspace load calculated using the model. Airspace load per hour can be defined as the number 
of aircraft that enter into the airspace in one hour. It can also be known as the entry rate per hour. The static airspace load 
(the number of aircraft that are in the airspace at one time) [12, 13] for the airspace included employing part of Zhang’s 
[12] model. 

3.2 Results and Discussions 

Figure 3 displays the airspace load per hour for a day for sector 1 on Monday. From this figure, the busiest hour in sector 
1 is UTC 0600 – 0700, while the least busy hour is UTC 1900 – 2000. The airspace load in the busiest hour is 79 aircraft, 
whilst the airspace load during UTC 1900 – 2000 is 8 aircraft. The difference between these two numbers is 89.9%. This 
shows a significant unevenly distributed airspace load per hour over a period of one day. 

 

 

 

 

 

 

 

Figure 3. The airspace load per hour for a day for sector 1 on Monday. 
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Table 1 depicts a comparison between the theoretical and the current airspace load per hour. Based on the theoretical 
airspace load, the utilization percentage was computed and is also shown in Table 1. The average utilization rate of the 
FIR is 6.64%. In addition, the most utilized sector would be sector 6 with a utilization percentage of 17.8%. 

Table 2 shows the utilization percentage of the static airspace load. The average utilization rate of the static airspace load 
is 11.21%. It means that 11.21% of the airspace was used on the average based on the theoretical static airspace load. 
Sector 7 was the least utilized sector with a 1.47% utilizing percentage. Several reasons to the underutilized airspace 
were also discovered through a deeper reflection on the current ATM structure. 

 

Table 1.  Comparison of airspace load per hour. 

Sector Airspace Load per hour Theoretical Airspace Load per hour Utilization Percentage (%) 

1 82 1746 4.70 
2 35 3636 1.00 
3 57 1260 4.52 
4 17 288 5.90 
5 27 216 12.5 
6 48 270 17.8 
7 6 1440 0.42 
8 30 522 5.75 

 
Table 2.  Comparison for static airspace load. 

Sector Current Static Airspace Load Theoretical Static Airspace Load Utilization Percentage (%) 
1 25 418 5.98 
2 9 159 5.66 
3 17 162 10.49 
4 13 60 21.67 
5 27 135 20.00 
6 20 117 17.09 
7 4 273 1.47 
8 16 219 7.31 

 
One of the reasons causing the underutilization may be due to the uneven load density of the segments. By using SAAM, 
the segments that are more congested can be clearly seen by looking at the colour parity of the segments. Some segments 
are used more frequently compared to the rest. This may be caused by regulations whereby the aircraft have to take en-
route to reach their destination. Or, it could also be that the current route taken is a route which is more economically 
beneficial to use. This could be reduced by creating alternative segments nearby to reduce the heavy usage of a particular 
segment.  

Taking sector 1 as an example, two out of twenty segments were very much loaded compared to the rest. This could 
explain why the utilization percentage in sector 1 is lower. It is also logical as the loaded segments are segments nearer 
to the airport and would be largely used for departure and arrival. However, alternative segments could be added to 
mitigate this issue.  

Another reason for the underutilized percentage could be human factors. No human factor impact on the airspace load 
was calculated. However, in real situations, airspace capacity is closely related to air traffic controllers’ workload, and 
therefore researches on estimating the capacity of airspace through air traffic controllers’ workload [15] are also 
important. The impact of human factors in ATM is not very clear yet, even though they do make an impact directly. 

The theoretical airspace load calculated is the most ideal airspace load with aircraft entering constantly. Future studies 
can add other factors affecting the airspace load in the calculations for a more realistic estimation. 
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4. EFFECT OF ADS-B ON FLIGHT TIMES 

4.1 Method 

Simulations were performed using purchased software Skydemon. The FIR waypoints were obtained through two 
sources: the Skyvector website and the Aeronautical Information Publication (AIP) of the Civil Aviation Authority of 
Singapore. There was a need to compliment the Skyvector data with the AIP. With the obtained data, a full map of 
Singapore’s FIR was plotted onto the Skydemon software. On average, a total of about 1000 flights were obtained a day 
bringing the total to about 6000 flights for the analysis. The data were obtained from Changi Airport’s live feed, and 
were collected on a daily basis at the end of the day through the use of the Changi Airport website. The obtained flight 
numbers were then used to obtain the flight path of each individual flight. The main source of these data was the 
Flightaware website.  

In addition to the original flight plans, a new flight route was planned to perform the analysis. This new flight plan was 
based on the use of ADS-B in the aircraft. Both times were recorded, and comparison was made between the two. 

The analysis would only require the time taken, and its direct parameters were kept constant. The only data used were the 
positional data and altitude of each flight. The speed of the aircraft was kept constant by the type of aircraft. For the 
analysis, the default Skydemon aircraft was used.  

4.2 Results and Discussions 

All flights show a reduction in total time taken to travel to its set destination within Singapore’s FIR. This drop is not 
significant when analysed on a per flight basis. Each flight only saves about 2 to 4 min while travelling within 
Singapore’s FIR. However, a greater impact can be seen when the total times are collated. Figure 4 shows the impact. On 
average, the total time taken to fly across the FIR is about 68,000 min or about 1133 hours. After applying the new route 
plans, the average total time drops to about 63,000 min. This gives an average of about 3.5% drop in total time taken to 
fly across the FIR (Figure 5). 

 

Figure 4. Total time (in min) taken across six days. 

 

Figure 5. Total time difference in min. 
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The drop in total time taken ranges between 2300 to 2400 min. This is coupled with the fact that these data are valid for 
Singapore’s FIR. If the trend continues, flying longer distances will further save a larger amount of time and will thus 
reap greater benefits for the aviation industry if ADS-B is implemented. This would lead to numerous benefits such as 
increased efficiency of air traffic. 

With the burning of jet fuel, airplanes contribute largely in the air pollution of our environment. With the popularity of 
air travel taken into consideration, the amount of carbon dioxide emitted into the environment is tremendous. Therefore, 
the large amount of carbon dioxide saved will be beneficial to the environment. The reduction will improve the general 
state of the atmosphere and reduce the amount of greenhouse gases that are released into the environment. The reduction 
in these gases will also generally improve the health of humankind and reduce the impact on climate change.  

The air traffic in the ASEAN region will triple by 2033, bringing the need for reduction of green-house-gas emissions 
from aircraft in order to reduce air pollution. In our another study [16], the current daily NOX and CO2 emissions because 
of air traffic in the region were estimated. The research revealed that with the implementation of Free Route Airspace in 
the region, there may be a huge potential reduction of NOX and CO2 emissions. However, the application of Free Route 
Airspace Concept in complex airspace could reduce capacity [17]. Aneeka and Zhong [16] addressed this issue by 
discussing the implementations of land-based ADS-B coverage over the ASEAN airspace and potential upgrading to 
space-based ADS-B in the future. Such new ATM technologies can promote enhanced efficiency and safety, allowing 
more aircraft to fly freely via direct routes. The implementation of free routes with ADS-B may result in significant 
environmental benefits.  

Although the system has its benefits, studies have shown that the ADS-B is not fully perfect yet. The ADS-B has 
message loss, up to 50% at above 280 km, and has security challenges [18]. Australia has reported problems in data 
collection from one of the transponders used by the ADS-B [19]. Although the new technology can potentially 
accommodate the increase in air traffic flow, the operational standard of ATCos may be impacted negatively [20]. 
Further steps and measurements must be taken before ADS-B can be fully implemented and its benefits can be fully 
reaped. 

5. CONCLUSIONS 

All the forecasts produced indicate that the general growth of the air passenger traffic will steadily increase. Although 
Holt-Winters and Trend Analysis with Decomposition fared slightly better, they have their own limitations. All three 
forecasting models studied were unable to produce more than two years ahead forecasts. To forecast in the long term, an 
attempt to create general forecasting equations was made. Due to the seasonal trend inherent in the data, creating one 
equation that would fit all the months was very difficult. Thus, twelve general forecasting equations were created to cater 
specifically for each month. These equations were then used to predict the air passenger traffic from 2010 to 2020. The 
forecast made by the general forecasting equations was close to the actual value. Furthermore, the forecasts predicted 
around 6.0% annual growth in air passenger traffic from 2015 onwards. More work is needed to improve the overall 
accuracy of the general forecasting equations. 

Based on the estimated airspace load obtained, the study arrived with a conclusion that the utilization percentages for 
airspace load per hour and the static airspace load were 6.64% and 11.21% respectively, indicating the way in which the 
airspace interested was utilized. There can be further improvements in the future. 

Our research also studied how ADS-B would affect the time taken for aircraft to travel. 6000 flights departing from and 
landing at the airport were studied. New flight plans were simulated with improved flight paths due to the 
implementation of ADS-B. The results were positive with a general trend showing that all the flights have improvements 
in their flight times.  
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