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Abstract: 

The air transportation has a broad and deep value chain. Some of the stakeholders are directly part of 

the air transportation system and have access to real-time data related to flight, airport and air traffic 

control status. Other stakeholders are several layers removed and may not be a direct part of the air 

transportation system and have access to flight status data. Despite the importance of the flight status 

to their business operations, the cost of purchasing access to a data feed and the required hardware and 

software infrastructure does not provide a positive return on investment. This may be due to rare 

occurrence of events that impact their operations, seasonal needs, and/or temporary usage (e.g. during 

period of construction, or airline market-share wars). 

This paper describes a low-cost software application that can be deployed to provide real-time alerts to 

stakeholders whose operations are directly impacted by the flight status changes, but cannot afford 

costly solutions. The flight status alerts can be configured over the web and are transmitted via email or 

text messages to the cell phones of employees. A case study is described on how airport management at 

a major hub airport could use real-time alerts to go to the gates and ramp to observe the real-causes of 

excessive taxi-in times. The real causes were not available in the surveillance track data traditionally 

used for post-analysis. Implications and limitations of the system are discussed. 

1 INTRODUCTION 

The air transportation has a broad and deep value chain. First tier and second tier suppliers, such as the 

airlines and air traffic control, are directly part of the air transportation system and have direct access to 

real-time data related to flight, airport and air traffic control status.  

Other stakeholders, such as catering, airport concessions, airport taxis, off-airport shuttles, ... etc., are 

several layers removed and generally do not have access to real-time data related to flight, airport and 

air traffic control status. The lack of access to the data does not reflect, however, the importance of the 

information to these lower tier business operations. For example, when flights do not operate according 

to schedule, catering and fuel supply operations can be impacted when late arriving flights need to be 

serviced at the same time as previously scheduled flights. This is also the case for stakeholders even 

further down the supply chain such as airport concessions, airport parking, rental cars, surface 

transportation, land-side and air-side construction and maintenance, etc.  

Despite the importance of the flight status to their business operations, the cost of purchasing access to 

a data feed and the required hardware and software infrastructure does not provide a positive return on 
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investment and/or is not part of the enterprises core competency. Further, in some cases, the need is 

seasonal and/or temporary (e.g., during period of construction, or airline market-share wars).  

This paper describes a low-cost software application that can be deployed to provide real-time alerts to 

stakeholders whose operations are directly impacted by the flight status changes, but cannot afford 

and/or support this capability. The flight status alerts can be configured over the web and are 

transmitted via email or text messages to cell phones remote employees already have.  

A case study application of real-time alerting for a major west coast airport is described. This 

international airport, situated on small parcel of land adjacent a body of water, has limited taxiway and 

ramp areas. Any congestion on the surface can have impact on a large number of flights. In the Fall of 

2017, flights arriving at the airport abruptly started experiencing long taxi-in times (e.g. greater than 45 

minutes) across multiple carriers. Airport management needed to better understand the cause of the 

delays and, if appropriate, take mitigation steps. Analysis of surface surveillance data was not sufficient 

to identify which gates were in use at any given time and what the causes of congestion on the ramp 

were. The real-time alerts allowed the airport staff to go to the ramp and gate area to witness the 

events as they unfolded and gather information for supply chain personnel. 

The paper is organized as follows: Section 2 describes the system design of the real-time alerting system. 

Section 3 describes the case study. Section 4 discusses Implications, limitations and future work 

2 REAL-TIME ALERTING SYSTEM DESIGN 

The real-time alerting system shall transmit an email or text message when specific alert criteria are met 

on the specified set of flights. Flight are identified by their destination airport(s). The candidate flights 

can also be identified by departure time and by operating/ticketing airline. 

Alert criteria can be set based on departure times (actual/scheduled), arrival times (actual/scheduled), 

block times, airborne times, taxi times, and/or flight status (e.g. Diverted, Cancelled). 

The system architecture is described in Figure 1. A flight status data feed provides the basis for the 

alerting. This data feed can be generated by radar surveillance track data (e.g. ASDI), ADS-B data (e.g. 

FlightAware, Radar24 …) or fused data sets (e.g. OAG, FlightAware, FlightStats …). 

When the criteria for the alert is based on historic performance, this information is derived from a 

Historic Flight Performance data-base. There are also criteria and alert information associated with 

weather (e.g., METAR) data, and air traffic control status such as Traffic Flow Management (TFM) 

initiatives and Notice to Airmen (NOTAM). Parsed news feeds and estimates of passenger itineraries can 

also be used to supplement the alerts. Estimated passengers counts and passenger itineraries can be 

added to the alerts. 
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FIGURE 1: System Architecture for Real-time Flight Status Alerting System (RtFSAS). 

For each of the considered case studies the data was interpreted and translated by the real-time alerting 

tool (developed by the Center for Air Transportation Systems Research (CATSR). The used programming 

language and framework are C# .Net. 

The core data for the alert is the Gate-Out, Wheels-Off, Wheels-On, and Gate-In times for each flight. 

The Gate-Out and Gate-In times provide the information about time when an aircraft has left from or 

arrived at the assigned gate respectively. The Wheels-Off specifies the time when an aircraft has taken 

off from a runway, and Wheels-On stands for the time when an aircraft has landed (i.e., landing gears 

touch a runway). The time difference between Gate-Out and Wheels-Off is called taxi-out time that 

describes how much time an aircraft has spent on a departure airport surface. Similarly, the time from 

Wheels-On and Gate-In is called taxi-in time in an arrival airport. 

The sequence of steps below describes how the modelled system works. 

1. Connect to the real-time data feed 

↓ 

2. Achieve the data from the data feed 

↓ 

3. Filter the data  Group all codeshare flights by an operating carrier 
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↓ 

4. Apply alerting criteria* 

↓ 

5. Send out an alerting email or text message 

 

Note: 

* Each of the considered further case studies have its own alerting (i.e., searching through the data feed) 

criteria. 

On the Figure 2 Real-Time Alerting tool interface is shown while tracking the status of each arriving flight 

to San Francisco International Airport (IATA: SFO). 

 

FIGURE 2: Real-Time Alerting tool while logging of each flight taxi-in time 

The alerting criteria for real-time alerting tool for identifying exceeding taxi-in time is shown below. 

1. Find all flights with arrival status “Wheels-On” and “Gate-In” 

↓ 

2. When the system finds a new flight with status “Wheels-On”, assign its time 

↓ 

3. Save the flight details to Wheel-On array 

↓ 

4. Update the data every 5 minutes from the data feed and calculate taxi-in time for each flight 

↓ 

5. If the arrival status of the flight has not been changed to “Gate-In” longer than a threshold (e.g., 

45 minutes), send an alert  
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A sample email message is shown in Figure 3 for flight from LAX that arrived 43 minutes late. By the time 

it arrived at SFO it’s assigned gate was in use by a flight scheduled. The airline did not have another gate 

available that could accommodate that aircraft. 

 

FIGURE 3: Example Real-time alert email message for flight with taxi-in time of 45 minutes and 

counting 

3 CASE STUDY #1: GATE WAITING AND AIRPORT SURFACE CONGESTION 

Although airport operators are not responsible for the operation of airline flights or their on-time 

performance, increasingly they are taking responsibility for the overall passenger travel experience and 

assisting all airport tenants to operate efficiently. Prolonged taxi-in time is a phenomenon airport staff 

are paying closer attention to. Although a flight may land on schedule there can be circumstances in 

which the flight does not gate-in on time (Wang et.al., 2009; 2010). In some cases, gates may not be 

available when a previous late arriving flight has not yet departed. In other cases, an airline may have 

scheduled flights in excess of their leased gate capacity. Gate waiting delays has a knock-on effect of 

creating surface congestion that prevents other flights (perhaps from other airlines) from departing or 

arriving at their gates. This is particularly true at airports with small surface footprint. 

A case study application of real-time alerting for a hypothetical scenario at a major west coast airport is 

described. This international airport, situated on small parcel of land adjacent a body of water, has 

limited taxiway and ramp areas. Any congestion on the surface can have impact on a large number of 

flights.  

Hypothetical Scenario 

In the Fall of 2017, flights arriving at the airport abruptly start experiencing long taxi-in times (e.g. 

greater than 45 minutes) across multiple carriers. Airport management becomes aware of the issue of 

extended gate waiting through social media, traditional media, and their own post-operations analysis 

from ATC provided data. Airport management decides to investigate and quickly realizes analysis of 

surface surveillance track data is not sufficient to identify the true causes of the delays. To better 

understand the cause of the delays and, if appropriate, their mitigation steps, they needed to be in the 

SUBJECT: Taxi-in Time Alert UAL 1294 

 Flight UAL 1294 

 From LAX to SFO 

 Scheduled Arrival 12/2/17 10:22:00AM Local Time 

 Actual Arrival 12/2/17 11:05:13AM Local Time 

 Current Taxi Time 45 minutes and counting 

 Scheduled Gate 73 (Terminal 3) 

 Weather at SFO 999nm, 100OVC 

 Codeshares: NZ 9282 
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gate area and on the ramp as the scenario unfolded. It would also be useful to discuss operations with 

airline and supply chain personnel as the situation unfolded to get a better sense of airline and supply 

chain needs. However waiting in the gate area is not a productive use of time, to this end they 

requested a real-time alert sent to email (or cell phone text) for each flight when it exceeded a 45 

minute taxi-in time threshold.  

Real-time alerting, described in this paper, could provide the means to alert airport operations 

managers to the occurrence of taxi-in times in excess of 45 minutes so they could proceed to the gate 

area to investigate the source of delays first hand.  

Analysis 

In September 2017, five Legacy Network Carriers (LNC) operated domestic flights at the airport along 

with six Low Cost Carriers (LCC). There were on average 496 domestic arrivals per day, with 14,906 

arrivals in the month. The LNCs operated 69% of the arriving flights, the LCCs 31% of the arriving flights. 

LNC2 and it’s regional operator, LNC2-Regional, accounted for 54% of the total arriving flights (i.e. hub 

operation). LNC2 and LNC2-Regional has on average 271 arrivals per day. These statistics are 

summarized in Table 1. 

LNC1 had 25 (2.3%) arriving flights with taxi-in time in excess of 45 minutes in the month. 21% of the 

arriving flights had a taxi-in time over 15 minutes. LNC2/LNC-Regional had a combined 99 flights with 

taxi-in time in excess of 45 minutes, and a combined 1112 (14%) of the arriving flights with taxi-in time 

greater than 15 minutes. LCC5 had 46 (2.47%) arriving flights with taxi-in time greater than 45 minutes. 

TABLE 1: Summary statistics for arrivals in September 2017. 

 

In October 2017, there were on average 502 domestic arrivals per day, with 15,583 arrivals in the month 

(Table 2). The LNCs operated 70% of the arriving flights, the LCCs 30% of the arriving flights. LNC2 and 

it’s regional operator, LNC2-Regional, accounted for 55% of the total arriving flights (i.e. hub operation). 

LNC2 and LNC2-Regional has on average 275 arrivals per day.  

Carrier Total

Avg Arrs 

per Day Cancelled Div Count % Count % Count % Terminal

LNC1 1096 36.5 0 3 874 79.74 194 17.70 25 2.28 1

LCC1 60 2.0 0 0 52 86.67 8 13.33 0 0.00 1

LCC2 557 18.6 9 2 475 85.28 70 12.57 1 0.18 Intl

LCC3 451 15.0 1 6 408 90.47 30 6.65 6 1.33 1

LNC2-Regional 3001 100.0 38 13 2618 87.24 313 10.43 19 0.63 1,3

LNC2 5150 171.7 45 17 4298 83.46 710 13.79 80 1.55 1,3, Intl

LCC4 1476 49.2 56 5 1285 87.06 129 8.74 1 0.07 1

LCC5 1861 62.0 16 3 1657 89.04 139 7.47 46 2.47 2

LCC6 182 6.1 3 0 139 76.37 34 18.68 6 3.30 1

LNC3 1072 35.7 18 7 968 90.30 75 7.00 4 0.37 2

ALL 14906 480.8 186 56 12774 85.70 1702 11.42 188 1.26

< 15 mins 16 - 45 mins > 45 mins
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LNC1 had 17% of the arrivals with taxi-in time between 16 minutes and 45 minutes, and 15 flights 

(1.32%) of arriving flights with taxi-in time greater than 45 minutes (Table 2). LNC2/LNC2-Regional had 

11% of the arrivals with taxi-in time between 16 minutes and 45 minutes, and 82 flights (1 %) of arriving 

flights with taxi-in time greater than 45 minutes. LCC5 had 7% of the arrivals with taxi-in time between 

16 minutes and 45 minutes, and 18 flights (~1%) of arriving flights with taxi-in time greater than 45 

minutes. 

TABLE 2: Summary Statistics for October 2017 

     
< 15 mins 16 - 45 mins > 45 mins 

 

Carrier Total 
Avg Arrs 
per Day Cancelled Div Count % Count % Count % Terminal 

LNC1 1140 36.8 0 0 937 82.19 188 16.49 15 1.32 1 

LCC1 62 2.0 0 2 54 87.10 6 9.68 0 0.00 1 

LCC2 569 18.4 8 2 500 87.87 58 10.19 1 0.18 Intl 

LCC3 462 14.9 2 15 414 89.61 30 6.49 1 0.22 1 

LNC2-
Regional 3113 100.4 204 9 2588 83.14 277 8.90 35 1.12 1,3 

LNC2 5428 175.1 24 5 4679 86.20 673 12.40 47 0.87 1,3, Intl 

LCC4 1526 49.2 80 0 1346 88.20 99 6.49 1 0.07 1 

LCC5 2000 64.5 43 9 1786 89.30 144 7.20 18 0.90 2 

LCC6 132 4.3 0 0 114 86.36 17 12.88 1 0.76 1 

LNC3 1151 37.1 3 4 1065 92.53 75 6.52 4 0.35 2 

ALL 15583 502.7 364 46 13483 86.52 1567 10.06 123 0.79 
  

These aggregate monthly statistics do not tell the whole story (see Table 3). LNC2/LNC2-Regional had 22 

days with at least one arriving flight with a taxi-in time greater than 45 minutes in September and 20 

days in October. There were 10 days when there were 3 or more arriving flights with taxi-in time greater 

than 45 minutes in September and 8 in October. The NLC distributed the gate-waiting flights over 12 

different arriving flights so the same flight was not impacted every day. 

LNC1 and LCC5 had 9 and 7 days respectively with at least one arriving flight with a taxi-in time greater 

than 45 minutes. These days were correlated with irregular operations in the NAS on the east-coat or in 

the mid-west. 

TABLE 3: Number of days per month with taxi-in time greater than 45 minutes. 

Carrier Sept Oct 

 

1 or 
More 
Arrivals 
per Day 

3 or 
More 
Arrivals 
per Day 

5 or 
More 
Arrivals 
per Day 

1 or 
More 
Arrivals 
per Day 

3 or 
More 
Arrivals 
per Day 

5 or 
More 
Arrivals 
per Day 

LNC1 10 3 2 11 1 0 
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LCC1 0 0 0 0 0 0 

LCC2 1 0 0 1 0 0 

LCC3 2 1 0 1 0 0 

LNC2-
Regional 13 1 0 17 5 1 

LNC2 22 10 8 20 8 2 

LCC4 1 0 0 1 0 0 

LCC5 7 4 4 9 2 1 

LCC6 5 0 0 1 0 0 

LNC3 3 0 0 4 0 0 

All 29 20 13 28 16 11 

 

Over or Tight Gate Scheduling 

In September 2017 LNC2/LNC-Regional, operating a hub at the airport, engaged in a "market-share" war 

with a newly merged "low cost carrier (LCC5)" competitor. The LNC increased the frequency of flights 

and tightened the turn-around schedule of flights. The airline did not lease additional gates from the 

airport. Although some airport gate lease agreements require submission of schedules it is not clear that 

the schedule analysis by the airport raised any concerns. By observing the operations in-person, airport 

management was better able to understand the issues, and could seek to alleviate these delays by 

making additional gates available (if possible). 

Propagation of NAS-wide Irregular Operations 

The NLC was not alone in increasing frequency. The newly merged LCCs (LCC5) also increased frequency 

of flights. As a trans-continental operator, LCC5’s gate schedule has more slack than LNC2’s. Although 

this airline could support the additional flights with their existing leased gates, on days when NAS-wide 

delays resulted in late arriving flights, temporary demand for gates in excess of gate capacity could occur 

when a bank of late flights (e.g. from east-coats) coincided with on-time flights (e.g. from west-coast 

only). The same phenomenon occurred with LNC1. This issue could be alleviated by making “spare” 

gates available on an as-needed basis for this type of irregular operation. 

This case study illustrates the value of real-time alerting to understanding operational issues that cannot 

be understood by looking at the data alone post-operations. It was necessary for management to get 

down to the airport gates and collect additional data when the situation was taking place. 

4 CONCLUSIONS 

This paper describes an inexpensive method for alerting enterprise staff in all tiers of the air 

transportation system on the status of flights that affect their operations. These staff may not have 

access to the flight status information or may be located in remote locations. The flight status 

information is transmitted via email or text message in real-time. 
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Limitations 

The alerting criteria for exceeding taxi-in time tool has some flaws that need to be discussed. Because 

the Wheels-On time is being assigned manually when the application starts, the initial data at the first 

run can be irrelevant or lost. After successive runs, a relative error is ± 5 minutes. However, the error 

does not play a significant role in understanding how efficient (or better to say inefficient) airport/airline 

ground operations are performed, if we consider the flight delay of 45 minutes or greater.  

Future Work 

Although the case study for analyzing airport surface congestion was developed specifically to 

understand airline competition and airport ground congestion, the same approach can be used for the 

analysis of other single or multiple airports. At the same time, the real-time alerting tool supports a 

capability of calculating Gate-Out (i.e., an aircraft closes the doors and leaves a gate) and Wheels-Off 

(i.e., take-off from a runway) times (i.e., departing taxi, taxi-out), what allows to provide the whole 

picture of airline and airport performance all over the world. 

Additionally, having a real-time alerting tool and flight data access allow to analyze majority of 

departure/arrival delays by changing alerting criteria only, what makes the application very flexible. 
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