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Abstract 
This paper outlines a multi-dimensional user-oriented performance metrics 
approach in evaluating the operation of the terminal airspace system to aid in 
the airport and airspace planning and decision making. Safety, delay and pre-
dictability metrics contribute to the analytical framework. From the findings, 
the occurrence of air incidence has a high severity level at departure, and ar-
rival phases of flight, higher likelihood at the radar room and much of the in-
cidences were as a result of faulty equipment and inherent absence of modern 
airspace infrastructure. Also, in Lagos terminal airspace, the number of inci-
dences has no close correlation with the level of traffic complexity. Total 
schedule arrival delay ranges from 1 - 392 minutes representing an average of 
7.8 - 17.9 minutes per aircraft that arrived Lagos airport at that period. Be-
sides, the total approach contact time ranges from 1 - 57 minutes, translat-
ing to 4.6 - 7.1 minutes per aircraft. However, variability in arrival time of 1 
- 5 minutes is common from published airline arrival scheduled time. In the 
same vein, the variability of 1 - 5 minutes is common from approach con-
tact times of aircraft. These figures indicate sound arrival predictability 
signature for Lagos airport. Also, departure time variability above 30 mi-
nutes is familiar from the ATC clearance time for the various routes under 
study. However, there is about or more 25% variability of more than 15 mi-
nutes, and this indicates possible inconsistency of predicting departure times 
from the times Air Traffic Control (ATC) clearance was acquired. Above all, 
the predictability of departure times in Lagos airport is weak compared to 
those of the arrival. Taken by it, this may be a sign of airspace congestion or 
ATC deficiencies at the Lagos airport. This is an indication of the lack of us-
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ers’ confidence in Nigeria’s air transport industry to deliver just-in-time ser-
vice. 
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(ATC) 

 

1. Background Information 

The safety is a critical factor in the performance of any airport across the world 
[1]-[6]. Despite this great interest in airport benchmarking, the authors advo-
cated that there is limited value in simple comparisons between performance in-
dicators. Accordingly, there is the need for exploring the effects of airport cha-
racteristics, managerial factors, and exogenous variables on airport efficiency/ 
productivity in order to provide useful insights from the benchmarking results 
[7] [8] [9] [10] [11]. Safety and delay are significant concerns in daily airport 
management, as suggested by [1] [12]. It seems that they have not inspired re-
searchers. This can be associated with the fact that airports are strictly regulated 
when it comes to safety, which may narrow the opportunities for research 
projects. Safety measures and delay were employed as part of operational and 
service quality measures were predominant among the most used, as indicated 
in clusters 1 and 2 of modelling the performance measurement practices in air-
ports [13]. 

Airport delay can be defined as the difference between the time it could take 
an aircraft or passenger to be served without interference from other aircraft or 
passengers and the actual time it takes the aircraft or passengers to be served. 
[14] remarked that delay is defined in many different ways depending upon the 
context. Scheduled departure and arrival delay is how late a flight departs or ar-
rives compared to an airlines schedule. Flight can incur delays while airborne or 
on the ground, for example as aircraft taxi between the runway and the gate. 
Late arrival of one flight may cause a late departure of the next flight on the iti-
nerary of the aircraft’s arrivals and departures [15]. 

Delay in the airport is a global issue. These delay periods impact the airport’s 
ability to provide a consistent level of air service to the travelling public and oth-
er airport users. Besides, as aviation demand increases over time, flight delays 
will continue to worsen, thus further deteriorating the airport operational relia-
bility. According to the [16], the weather is a contributing factor in 74% of air 
carrier delays and 30% of all accident. Weather delays cost airlines. Weath-
er-related flight delays are one to the interaction of two factors. One, how many 
planes can an airport accept during a given period based on the weather (airport 
capacity). Two, how many planes are scheduled to arrive (airport demand) dur-
ing the same given period. The most significant and standard weather variables 
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that cause delays are low clouds and low visibility. Low visibility may be due to 
fog, haze, smoke and falling precipitation. When these conditions occur, planes 
may be spaced further apart, thus resulting in fewer planes landing in any given 
hour. Strong cross-winds may make some runways unstable. Thunderstorms 
near the airport may limit the flight paths available into and out of the airport. 

Thunderstorms en-route may cause a reduction in the number of flight paths, 
causing delays. Heavy snow requires frequent ploughing possibly making some 
runways unavailable. Freezing rain and snow usually necessitate the use of an-
ti-icing and de-icing procedures [15]. [17] categorises delays into gate delay, 
taxi-out delay, en-route (in-flight) delay, terminal delay and taxi-in delay. This is 
also validated by [13]. Each category of delay arises when the aircraft arrives or 
departs after its scheduled time. Ground delay programs, en-route capacity con-
straints, aircraft maintenance issues, ground services (fuel, baggage and cater-
ing), customer service issues, late aircraft crew arrival, and poor weather condi-
tions elsewhere all contribute to surface delays. The absence of adequate air na-
vigational landing facilitates and existence of obsolete and nonfunctional air 
traffic safety equipment also have adverse effects on the traveling public occa-
sioned by flight delay, cancellation and diversion [18]. 

The Nigerian Airspace Management is essentially a service organisation relen-
tlessly committed to providing safe and functional navigation services that will 
meet and given its commitment and focus, even exceed international standards. 
The agency maximises within s given block of airspace architecture the utilisa-
tion of available space by dynamic time-sharing and at times the segregation of 
airspace among the category of users based on short-term needs. Because of the 
need for joint use of the Nigerian airspace for civil and military purpose, 
co-ordination of efforts between NAMA and military authorities has become 
imperative. The agency also harmonises facilities and services in order to ensure 
efficient utilisation of natural resources. This paper tends to assess the terminal 
airspace system safety, delay and predictability of Muritala Mohammed Interna-
tional Airport, Ikeja Lagos, Nigeria. 

2. Methodology 

Data used in this study were obtained from a secondary source only. The sec-
ondary source includes data survey as inbound strips, outbound flight, strips, 
from the control tower (the air traffic control tower and the approach. The strip 
(outbound and inbound) is a tool used by the Air Traffic Controllers and the 
Approach to store information about each flight of any aircraft. It shows detailed 
information about any aircraft that arrives and departs the airport. 

The data needed for the analysis were extracted from strips from the control 
tower and approach for seven days. This study investigated a typical week opera-
tion at LOS terminal characterised by the researcher as a week of optimum level 
of airport operation. It is based on the good daily flight in which the maximum 
number of aircraft can be routinely handled using visual approaches during pe-
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riods of unlimited ceiling and visibility. It comprises of flight schedules from 
June 1 to July 7 of the year 2013 daily. Data extracted are information on Air-
craft destination, Aircraft origin, aircraft start-up time, aircraft approach contact 
time, scheduled time of departure or estimated time of departure (ETD), ac-
tual-time departure (ATD), scheduled time of arrival or estimated time of Arriv-
al (ETA) and the actual time of Arrival (ATA). The analytical tool used in this 
paper is the performance metric parameters. The delay metrics were generated 
for a typical day by day first averaging the result over seven days. In conducting 
a terminal airspace evaluation, the analysis chooses among the listed metrics 
based on the nature of the anticipated problem as identified by the indicator 
[16]. 

2.1. System Safety 

The purpose of this aeronautical study is to determine the effect of the modern 
airspace infrastructures available at the Lagos terminal airspace to the safe and 
efficient utilisation of the navigable airspace by aircraft and the safety of persons 
and property on the ground. According to [19], over eighty per cent of air 
crashes all over the aviation world occur in and within the vicinity of the airport 
with most of them, resulting in a high rate of fatality. This percentage of crashes 
in and within the vicinity of the airport is however alarming, and hence efforts 
should be ensured to put the necessary personnel and infrastructure in place to 
guarantee the safety of terminal navigable airspace. However, the frequency of 
operational error OE and operational deviation OD were the metrics employed 
here to indicate the current level of safety associated with Lagos terminal air-
space. In effects, the facts and figures of OE and OD were not available due to 
lack of Enhanced Traffic Management System (ETMS) data in the Nigerian air-
ports. Therefore structured instrument was administered to access the frequency 
of OE and OD occurrences [20]. 

2.2. System Delay 

Delay is categorised as arrival, departure or ground delays associated with a par-
ticular airport. The following shall be examined in this study [21]: 

Arrival Delay 
These metrics indicate whether there are arrival delays associated with an air-

port. If significant delays are observed, then the airline arrival scheduling metric 
is used to determine whether the delays are associated with the airline over 
scheduling or an airspace problem. The metrics under study include: 

1) Average Arrival Delays: Difference between the actual arrival time and the 
scheduled arrival time in minutes for a representative period. 

2) Airport arrival scheduling: Difference of airport capacity versus scheduled 
arrival demand for a representative time. 

Departure Delay 
These metrics indicate whether there are departure delays associated with an 
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airport. If significant delays are observed, then the airline departure scheduling 
metric is used to determine whether the delays are associated with the airline 
over scheduling or an airspace problem. The metrics under study include: 

1) Average Departure Delays: Difference between the actual departure time 
and the scheduled departure time in minutes for a representative period. 

2) Airport Departure Scheduling: Difference of airport capacity versus sche-
duled departure demand for a representative period. 

3) Average Departure Fix Delay: Average difference of actual departure time 
with the time the flight is acquired by en-route random over each departure fix 
associated with the airport for a representative period. 

2.3. System Predictability 

These metrics indicate whether there is significant time variability associated 
with a specific phase of flight. This study was restricted to the following metrics: 

1) Arrival time variability: variability of arrival times for routes with five or 
more flights to an airport for a representative period. 

2) Departure time variability: variability of departure times for routes with 
five or more flights to an airport for a representative period. 

3. Results and Discussion 
3.1. Analysis of Terminal Airspace System Safety 

From the result of the survey, it was discovered that 40%, 32% and 28% of air 
traffic management personnel reported various cases of air incidences of opera-
tional error, operational deviation and other incidents respectively. These out-
comes pose a severe indictment on the level of safety of the Lagos terminal air-
space. The survey further assessed various factors considered paramount to ter-
minal airspace safety as, flight profile at the point of the incidence, position 
function of the various ATM personnel, level of training within 12 months be-
fore the incidence, cause of the incidence, type of control offered at the time of 
incidence and the level of traffic complexity at the time of the incidence. 

Findings reveal that during the various cases of incidence recorded, the vari-
ous flight profiles of the aircraft involved in the incidences indicate 31% were at 
departure phase, 2% touching down, 17% making approach, 5% at the level 
flight, 2% in taxing and 7% on takeoff roll (Figure 1). Also, none was reported at 
the landing phase of the flight, but 14% of the aircraft was at the climbing phase 
and 21% holding in position awaiting arrival clearance (Figure 2). More so, the 
various ATM personnel that reported the incidence, 32% of them were at the 
radar room, 3% at the control cabin, 3% involved in sorting flight data, 16% 
giving clearance delivery, 13% on ground control duty. Besides, 18% of the per-
sonnel were at departure position duties, and the same figure was at arrival posi-
tion duties. 45% of the ATM personnel revealed that they had undertaken vari-
ous training 12 months before the incidence and 55% had no form of relevant 
training 12 months before the occurrence of the incidence (see Appendix). 
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Figure 1. Level of safety with the flight profile. 
 

 
Figure 2. Level of safety with ATM position function. 
 

Moreover, 58% of the respondents claimed that the incidence was as a result 
of equipment malfunction and outright shortage. In comparison, 42% revealed 
that such incidences were caused by non-equipment variables such as the pres-
ence of the visitor, extraneous conversion with co-workers, mistaken phraseolo-
gy during pilot-controller conversation and the likes. Also, 39% of the staff out 
rayed that the said incidences happened at the instance of radar control, 45% at 
the tower control and 16% at non-radar control (Figure 3). 

Also, it is most shocking to note that 61% of the ATM personnel reveal that 
such incidences occurred during the period of low traffic demand, 29% believed 
that the incidence happened at times of average traffic demand and 10% asserted 
that incidences were at periods of high traffic scenario (Figure 4). 

Furthermore, the occurrence of air incidence has a high severity level at de-
parture, and arrival phases of flight, higher likelihood at the radar room and 
much of the incidences were as a result of faulty equipment and inherent ab-
sence of modern airspace infrastructure. Also, in Lagos terminal airspace, the 
number of incidences has no close correlation with the level of traffic complexi-
ty. 
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Figure 3. Level of safety with the type of ATM control. 

 

 
Figure 4. Level of safety with traffic complexity. 

3.2. Analysis of LOS Terminal System Delay 

Aircrafts’ arrival delays were categorized daily and the delays encountered by ar-
riving aircraft in the respective days summed up in minutes. This is shown in 
Table 1. Total schedule arrival delay was found to be highest at Wednesday with 
a figure of 392 minutes, representing an average of 17.9 minutes per aircraft that 
arrived Lagos airport at that period. In addition, the total approach contact time 
was found to be highest on Tuesday with a figure of 57 minutes, translating to 
7.1 minutes per aircraft. These figures on the average scale are however insigni-
ficant as far as operational delay is concerned. Arrival operational delay is meas-
ured according to US FAA threshold in terms of a flight arriving within 15 mi-
nutes of the scheduled arrival time. Hence, Lagos Terminal airspace was ob-
served to witness small average scheduled arrival delay but no operational delay. 

Similarly, the highest total schedule departure delay of 2139 minutes was rec-
orded on Monday, which translates into 31.4 minutes per aircraft. Tuesday had 
the highest departure average delay of 84.7 minutes per aircraft (see Table 2). 
This is a pointer to the fact that scheduled departure delay is not connected with 
excess departure demand since Friday recorded the highest number of flight 
which was 183. In the same vein, departure fix delays here are measured from 
the difference of actual departure time with the time the airline acquires ATC 
clearance. Total departure fix delay was also found to be highest at Monday with 
a score of 193 minutes translating into 23.8 minutes per aircraft (see Table 2). 
This does not correspond with the day with high departure demand which is  
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Table 1. Arrival delays. 

Day 
Total  

number  
of flight 

Average  
Schedule Time  

Delay (minutes) 

Max. Schedule 
Time Delay 
(minutes) 

Average Approach 
Contact Time Delay 

(minutes) 

Max. Approach 
Contact Time 

Delay (minutes) 

Saturday 146 15.8 386 4.6 53 

Sunday 147 12.5 315 4.8 44 

Monday 171 14.4 255 6.5 64 

Tuesday 170 7.8 87 7.1 57 

Wednesday 170 17.9 392 5.5 54 

Thursday 163 13.0 172 6.0 49 

Friday 183 14.2 203 6.7 52 

Source: Authors’ Computation 2020. 

 
Table 2. Departure delays. 

Day 
Total  

number  
of flight 

Average  
Schedule Time 

Delay (minutes) 

Max. Schedule 
Time Delay 
(minutes) 

Average ATC 
Contact Time 

Delay (minutes) 

Max. ATC 
Contact Time 

Delay (minutes) 

Saturday 146 19.8 242 21.7 97 

Sunday 147 29.0 741 20.4 77 

Monday 171 31.4 2139 23.8 193 

Tuesday 170 84.7 1698 24.0 97 

Wednesday 170 51.7 1442 21.5 87 

Thursday 163 47.1 1818 22.1 79 

Friday 183 21.7 376 23.3 117 

Source: Authors’ Computation 2020. 

 
Friday. The data of average departure fix delay per aircraft revealed that depar-
ture demand is closely related to departure fix delay. Finally, the average sche-
dule departure delay for Lagos airport is about 21.7 minutes per aircraft in a day 
of optimum airport operation and about 23.3 minutes for average departure fix 
delay per aircraft. 

3.3. Analysis of LOS Terminal Airspace System Predictability 

As noted earlier, system predictability indicates whether there is substantial time 
variability associated with a specific phase of flight. The study is restricted to 
only arrival and departure times’ variability. Predictability of schedule is just es-
sential to an aviation service provider as the reduction of delays (though less re-
levant to other classes of users). Predictability is usually measured as the varia-
tion in some kind of movement time. To minimize the effect of weather, a single 
day is analysed at a time. 

As noted earlier, these metrics indicate whether there is considerable time va-
riability associated with a specific phase of flight. Also, variations from the time 
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the aircraft make approach contact (contact time) to the time the aircraft landed 
at the Lagos airport was investigated. A category analysis of variability of arrival 
times across the various days at Lagos is shown in Table 2. It could be deduced 
that 56.8% of flights on Saturday to Lagos witnessed arrived on time from the 
expected time of arrival published in the official airline guide (OAG). Also, 
17.8% of various flights arrived at the airport on time after making approach 
contact at the approach control centre. Table 3 gives a striking impression of the 
various arrival variability times at Lagos airport. However, variability in arrival 
time of 1 - 5 minutes is common from published airline arrival scheduled time. 
In the same vein, the variability of 1 - 5 minutes is common from approach con-
tact times of aircraft. These figures indicate sound arrival predictability signature 
for Lagos airport. 

As noted earlier, these metrics indicate whether there is a large variability of 
departure time associated with a specific phase of flight. Departure times from 
Lagos airport to various routes as arrival time variability were also applied. Vari-
ations from the time the aircraft are scheduled to depart and the time ATC 
clearance is acquired to the actual departure times was investigated. Also, a clas-
sification analysis shown in the Table below reveals more considerable time va-
riability above 15 minutes from the stipulated times of scheduled departure and 
clearance. According to Table 4, 58.2% of departure flights across the various 
routes on Saturday left the Lagos airport on time after the scheduled departure 
time. Thus less than 50% of departure flights experience departure time variabil-
ity ranging from 1 - 85 minutes on the average. This represents a significant de-
parture time variability from airlines scheduled departure time. Also, departure  
 

Table 3. Arrival predictability signature arrival variability time intervals (in minutes). 

Day Variability Measure 01 - 5 6 - 10 11 - 15 16 - 20 21 - 25 26 - 30 30> On-time Total % on-time 

Saturday 
Airline Scheduled Time 19 18 6 2 2 1 15 83 146 56.8 

Approach Contact Time 104 7 2 1 0 0 6 26 146 17.8 

Sunday 
Airline Scheduled Time 35 17 3 3 1 2 12 74 147 50.3 

Approach Contact Time 117 6 1 2 0 3 5 13 147 8.8 

Monday 
Airline Scheduled Time 36 9 6 1 1 1 24 93 171 54.4 

Approach Contact Time 130 2 3 2 1 1 11 21 171 12.3 

Tuesday 
Airline Scheduled Time 28 16 7 2 2 2 13 100 170 58.8 

Approach Contact Time 121 15 4 2 0 0 13 15 170 8.8 

Wednesday 
Airline Scheduled Time 24 17 11 4 2 1 20 91 170 53.5 

Approach Contact Time 130 3 4 2 0 0 8 23 170 13.5 

Thursday 
Airline Scheduled Time 18 7 3 2 2 0 19 110 161 68.3 

Approach Contact Time 115 4 4 0 0 0 12 26 161 16.1 

Friday 
Airline Scheduled Time 43 17 2 1 1 0 25 94 183 51.4 

Approach Contact Time 126 18 2 0 0 0 17 20 183 10.9 

Source: Authors’ Computation 2020. 
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Table 4. Departure predictability signature departure variability time intervals (in minutes). 

Day Variability Measure 01 - 5 6 - 10 11 - 15 16 - 20 21 - 25 26 - 30 30> On-time Total % on-time 

Saturday 
Airline Scheduled Time 6 10 8 1 2 2 32 85 146 58.2 

ATC Clearance Time 0 11 40 19 11 7 31 27 146 18.5 

Sunday 
Airline Scheduled Time 2 8 9 17 2 2 25 82 147 55.8 

ATC Clearance Time 0 13 40 25 2 3 33 31 147 21.1 

Monday 
Airline Scheduled Time 0 8 9 5 10 9 30 100 171 58.5 

ATC Clearance Time 0 15 32 34 8 8 41 33 171 19.3 

Tuesday 
Airline Scheduled Time 0 8 12 14 8 4 38 86 170 50.6 

ATC Clearance Time 0 11 45 39 4 6 42 23 170 13.5 

Wednesday 
Airline Scheduled Time 2 12 8 8 7 6 39 88 170 51.8 

ATC Clearance Time 1 17 43 29 10 14 33 23 170 13.5 

Thursday 
Airline Scheduled Time 4 5 6 10 6 3 39 88 161 54.7 

ATC Clearance Time 0 18 39 28 6 6 36 28 161 17.4 

Friday 
Airline Scheduled Time 4 7 9 9 7 5 34 108 183 59.0 

ATC Clearance Time 1 14 52 25 9 7 43 32 183 17.5 

Source: Authors’ Computation 2020. 

 
time variability above 30 minutes is familiar from the ATC clearance time for 
the various routes under study. However, there is about or more 25% variability 
of more than 15 minutes, and this indicates possible inconsistency of predicting 
departure times from the times ATC clearance was acquired. Above all, the pre-
dictability of departure times in Lagos airport is poor compared to those of the 
arrival. Taken by it, this may be a sign of airspace congestion or ATC deficien-
cies at the Lagos airport. 

4. Conclusion 

The level of safety associated with the Lagos terminal airspace is closely asso-
ciated with departure phase of flight, type of control, equipment malfunction, 
aircraft holding in position, training of ATM personnel, and insignificantly re-
lated with the level of traffic complexity. Hence, due to the manual approach to 
ATC functions and obsolete equipment in use for terminal airspace manage-
ment responsibility, the safety of the terminal airspace is bleak. The predictabili-
ty signature at the departure phase of flight at the Lagos airport is poor. This is 
an indication of the lack of users’ confidence in Nigeria’s air transport industry 
to deliver just-in-time service. 
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Appendix 

Table A1. Summary of terminal airspace safety assessment instrument. 

Factor Assessment Criterion Frequency Quality Weight 

Type of incidence Operational error 23 0.40 

 Operational deviation 18 0.32 

 Others 16 0.28 

Flight profile Departure 13 0.31 

 Touching down 1 0.02 

 Making the approach 7 0.17 

 Level flight 2 0.05 

 Taxiing 1 0.02 

 Take off 3 0.07 

 Landing 3 0.07 

 Climbing 6 0.14 

 Holding in position 9 0.21 

Position function Radar 13 0.33 

 Flight data 1 0.03 

 Clearance delivery 6 0.15 

 Ground control 5 0.13 

 Departure position 7 0.18 

 Arrival position 7 0.18 

Training Training 12 months before incidence (Yes) 17 0.45 

 Training 12 months before incidence (No) 21 0.55 

Cause of incidence Equipment 22 0.58 

 Non-equipment 16 0.42 

Type of control Radar 15 0.39 

 Tower 17 0.45 

 Non-radar 6 0.16 

Traffic Complexity Low 23 0.61 

 Average 11 0.29 

 High 4 0.11 

Source: Authors’ Computation 2020. 
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