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1. INTRODUCTION 

This document includes the elements of the Intellectual Output 6 (IO6) based on the results and 

findings of Air Traffic Control (ATC) Radar Approach Simulation Experiments done in 

Eskisehir Technical University (ESTU) and University of Zagreb Faculty of Transportation and 

Traffic Sciences (ZFOT) in 2020.  

Average fuel consumption per aircraft (AFC), average distance flown per aircraft (ADF) and 

average flight time per aircraft (AFT) were determined as the flight efficiency indicators based 

on the results of the baseline real-time ATC radar approach simulations performed at ESTU 

and ZFOT in 2018 Statistical analyses indicated that ATCO trainees’ heading change 

instruction counts (HC), flight level change instruction counts (FLC) and speed change 

instruction counts (SC) per aircraft have relatively significant impact on these indicators. 

Besides the average low-altitude level of flight percentage per aircraft (LALF) was also found 

to be a significant contributor to the efficiency indicators. Therefore. regression models were 

obtained for AFC, ADF and ATF. In each model number of HC, FLC, SC and LALF are 

determined as independent variables. Each regression model was converted to the separate 

scores (i.e. fuel score, flight distance score and flight time) using the reference values and mean 

values of trainees in order to provide the new assessment based on flight efficiency. 

The second set of the real-time ATC approach simulations had been performed in order to test 

these efficiency-based assessment criteria and revise them in case of necessity. ESTU and 

ZFOT trainees participated to this second real-time ATC approach simulations using the same 

set of simulation exercises. In the second set of experiments in 2020, the instructors and trainees 

were briefed about the findings of the baseline ATC radar simulations included in IO4 Radar 

Approach Training Material. Based on the results of 2018, some revisions have been done in 

the radar approach assessment criteria and training guidelines. ATCOSIMA Assessment Tool 

was also developed for instructors to evaluate trainees’ flight efficiency performance in radar 

approach simulations based on the revised assessment criteria. 

The rest of this document is organized as follows. In Section 2, the revised analysis based on 

the data obtained from the new ATC radar approach simulations of 2020 is presented along 

with descriptive statistics of the results of 2018 and 2020. In Section 3, the results of 2018 and 
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2020 are compared in detail using parried samples tests for the efficiency indicators, AFC, AFT 

and ADF. In Section 4, the revised correlation analysis is provided for these efficiency 

indicators. The revised multilinear regression models are proposed in Section 5. Revisions of 

radar approach simulation assessment criteria are presented in Section 6. ATCOSIMA 

Assessment Tool is described in Section 7. Radar approach training guidelines are presented in 

and in Section 8. Finally, the comparisons of conventional safety and the new efficiency scores 

are presented for ATC radar approach simulations of 2018 and 2020 along with training plan 

revisions in Section 9. 

2. DESCRIPTIVE STATISTICS  

The groups of trainees participating the baseline ATC real-time simulations in ESTU and ZFOT 

in 2018 are referred to as ESTU Group 1 and ZFOT Group 1, respectively. Similarly, the groups 

of trainees participating the new ATC real-time radar simulations in ESTU and ZFOT in 2020 

are referred to as ESTU Group 2 and ZFOT Group 2, respectively.  

The simulation results of 2018 showed that the flight efficiency indicators should be analyzed 

based on fight data per aircraft to obtain common assessment criteria for trainees in terms of 

flight efficiency. Therefore, ATC instruction counts, flight paths and performance indicators 

were studied for each individual arriving aircraft. The entire simulation exercise set includes 71 

arriving flight with different entry points, flight levels and times. All measured (i.e. AFT, ADF, 

HC, FLC, SC or SINC and SDEC) and calculated factors (i.e. AFC and LALF) of each aircraft 

were averaged over the number of trainees participating the simulation exercises. The 

descriptive statistics of these factors are presented for the entire arriving aircraft set in Table 1 

and 2.  
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Table 1. Descriptive statistics of trainees’ instruction count, flight profile and efficiency data obtained from the 

ATC Radar Approach Simulations in 2018 (Group 1) 

Year Variable Group N Range Min. Max. Mean Std. 
Deviation 

20
18

 

HC ESTU 1 71 4.8 2.2 7.0 4.1 1.2 

ZFOT 1 71 3.2 1.8 5.0 3.4 0.9 

FLC ESTU 1 71 2.8 3.0 5.8 4.2 0.6 

ZFOT 1 71 4.4 1.6 6.0 3.7 1.0 

SC ESTU 1 71 2.2 0.0 2.2 0.7 0.6 

ZFOT 1 71 5.0 0.0 5.0 2.7 1.0 

LALF 
(%) 

ESTU 1 71 21.6 4.1 25.7 16.2 4.6 

ZFOT 1 71 47.7 5.8 53.5 29.3 11.1 

AFC (kg) ESTU 1 71 653.2 320.8 974.0 611.7 173.1 

ZFOT 1 71 863.6 210.0 1073.6 612.6 226.6 

AFT (min) ESTU 1 71 15.9 11.7 27.6 18.4 4.2 

ZFOT 1 71 19.5 11.5 30.9 19.2 5.2 

ADF (nm) ESTU 1 71 91.1 60.5 151.6 103.8 22.3 

ZFOT 1 71 63.6 53.6 117.2 86.6 17.6 

 

According to the baseline ATC radar approach simulations of 2018, the differences between 

the groups can be seen for instruction counts. In terms of mean values, ESTU Group 1 trainees 

given relatively higher heading and flight level changes per aircraft than ZFOT Group 1 trainees 

during the simulations. ZFOT Group 1, on the other hand, used more speed change instructions 

per aircraft than ESTU Group 1. ESTU Group 1 performed almost half as much low-altitude 

level-offs as ZFOT Group 1. Although there are considerable differences in instructions and 

level-offs between two groups, their AFC values are almost the same. ESTU Group 1 also has 

slightly lower AFT but higher ADF than ZFOT Group 1. These results indicate that ESTU 

Group 1 trainees made the arriving aircraft fly longer with higher average airspeeds while ZFOT 

Group 1 kept these aircraft following shorter routes with lower airspeed within the TMA. These 

different approaches pointed out the differences in the training techniques adapted by the 

instructors of each group. Despite these differences (i.e. the use of heading, flight level and 

airspeed change commands by trainees), both groups achieved the similar fuel efficiency levels 

per aircraft. Table 2 presents the descriptive statistics of the ATC Radar Approach Simulations 

of 2020. These new simulations were repeated for the trainees from ZFOT and ESTU based on 

the findings of the baseline simulations.  When mean values of HC, FLC, SC and LALF are 
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considered, significant reductions can be observed for ESTU Group 2 compared to ESTU 

Group 1. The reductions in ATC instructions per aircraft leads to significant improvement 

(about 16%) in AFC. These results show that careful investigation and use of ATC instructions 

can provide important improvements in flight efficiency. The mean values of AFT remained at 

the same for both ESTU Group 1 and Group 2 while ADF increased by 5% in ESTU Group 2 

due to the possible trade-off between fuel consumption and distance during flights. No 

significant differences can be observed between the mean values of ZFOT Group 1 and Group 

2. This result could be because of difference instructional practices. Although the no significant 

improvement is observed in the fuel efficiency, the consistency of the results proves the 

prediction capability and accuracy of the regression models.  

Table 2. Descriptive statistics of trainees’ instruction count, flight profile and efficiency data obtained from the 

ATC Radar Approach Simulations in 2020 (Group 2) 

Year Variable Group N Range Min. Max. Mean Std. 
Deviation 

20
20

 

HC 
ESTU 2 71 2.8 1.4 4.2 2.9 0.7 

ZFOT 2 71 3.4 1.6 5.0 3.3 0.8 

FLC 
ESTU 2 71 2.6 1.8 4.4 2.5 0.5 

ZFOT 2 71 3.8 1.8 5.6 3.4 0.8 

SC 
ESTU 2 71 1.4 0.0 1.4 0.4 0.4 

ZFOT 2 71 3.6 0.6 4.2 2.7 0.8 

SINC 
ESTU 2 71 0.6 0.0 0.6 0.2 0.2 

ZFOT 2 71 1.0 0.0 1.0 0.2 0.3 

SDEC 
ESTU 2 71 0.8 0.0 0.8 0.2 0.2 

ZFOT 2 71 3.8 0.4 4.2 2.5 0.9 

LALF (%) 
ESTU 2 71 15.7 1.3 17.0 6.2 3.2 

ZFOT 2 71 51.9 5.0 56.9 35.7 12.0 

AFC (kg) 
ESTU 2 71 553.6 262.0 815.6 516.0 150.7 

ZFOT 2 71 734.7 244.3 979.0 614.0 203.1 

AFT (min) 
ESTU 2 71 12.7 12.6 25.3 18.5 3.7 

ZFOT 2 71 16.6 11.6 28.2 19.1 4.6 

ADF (nm) 
ESTU 2 71 111.5 68.7 180.2 109.8 27.2 

ZFOT 2 71 61.3 62.0 123.3 88.9 16.4 

 

 

 



 
6 

 

 

3. COMPARISON OF THE ATC RADAR APPROACH SIMULATIONS  

In order to analyze the impact of flight efficiency awareness and the flight efficiency-based 

assessment, the first and second groups of each organization were compared using paired 

samples t tests for each efficiency indicator. Paired samples tests between these selected groups 

primarily indicate if the mean values of ATC instructions (HC, FLC, SC), flight profiles 

(LALF) and efficiency indicators (AFC, AFT and AFD) are significantly different. The 

following sections present these comparisons. 

3.1. Paired Sample Test Results for ATC Instructions 

Paired sample tests were performed between the HC, FLC, SC and LALF scores of ESTU 

Group 1 and Group 2 (Table 3). In this table, the first column presents the variables considered 

in the analysis, the second column (mean) is the average difference between the scores of two 

groups, standard the third and fourth columns are the standard deviation and standard error of 

the score differences, respectively. Lower and upper bounds of score differences are provided 

in fifth and sixth columns within 95% confidence interval. In the last three columns, the test 

statistic (t), degree of freedom (df) and p-value of the given test statistic t with degrees of 

freedom df are provided.  
Table 3.  Paired samples test between ATC instructions and flight profile values of ESTU Group 1 and Group2 

 

Paired Differences 

t df 

Sig. 

(2-

tailed) 

Mean Std. 

Deviation 

Std. Error 

Mean 

95% Confidence Interval 

of the Difference 

Lower Upper 

HC per a/c 1.1831 .9299 .1103 .9629 1.4032 10.720 70 .000 

FLC per a/c 1.6535 .7611 .0903 1.4733 1.8336 18.304 70 .000 

SC per a/c .2563 .7068 .0838 .0890 .4236 3.056 70 .003 

LALF per a/c 9.9480 4.9907 .5922 8.7668 11.1293 16.796 70 .000 

 
According to Table 3, the means of HC values significantly differ (t=10.720, p<0.001) between 

these two groups. There are also significant mean differences between FLC (t=18.304, 

p<0.001), SC (t=3.056, p<0.001) and LALF (t=16.796, p<0.001) scores of ESTU Group 1 and 

Group 2. On average, HC, FLC and SC values of ESTU Group 2 are 1.183, 1.65 and 0.26 lower 

than those of ESTU Group 1. LALF of ESTU Group 2 is 9.95% lower than the one of ESTTU 
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Group 1. The results show that the trainees of ESTU Group 2 reduced the use of ATC 

instructions and low-altitude level-offs leading to flight inefficiencies significantly, after being 

instructed about the findings of the baseline simulations in 2018 regarding flight efficiency 

during the new ATC radar approach simulations. 

Table 4 presents paired sample tests performed between the HC, FLC, SC and LALF scores of 

ZFOT Group 1 and Group 2. According to the results of the tests, significant mean differences 

can be observed between FLC (t=3.231, p<0.01). and LALF (t=-6.939. p<0.001) scores of 

ZFOT Group 1 and Group 2. While the mean of FLC was 3.7 for ZFOT Group 1 (Table 1), it 

was reduced to 3.28 for ZFOT Group 2 (Table 2). The mean of LALF, on the hand, was 29.30% 

for ZFOT Group 1 (Table 1), but it was increased to 35.74% for ZFOT Group 2 (Table 2). There 

are no significant mean differences between HC and SC scores of these two groups. 

Table 4.  Paired samples test between ATC instructions and flight profile values of ZFOT Group 1 and Group2 

 

Paired Differences 

t df 

Sig. 

(2-

tailed) 

Mean Std. 

Deviation 

Std. Error 

Mean 

95% Confidence Interval 

of the Difference 

Lower Upper 

HCI per a/c .128 .62299 .07394 -.0185 .276 1.743 70 .086 

FLCI per a/c .272 .71077 .08435 .10430 .440 3.231 70 .002 

SCI per a/c .003 .97308 .11548 -.2268 .233 .030 70 .976 

LALF per a/c -6.440 7.821 .92820 -8.291 -4.589 -6.939 70 .000 

 
 
3.2. Paired Sample Test Results for Average Fuel Consumption (AFC) 

 
The results of paired sample tests for AFC are presented in Table 5. When the ESTU Group 1 

and ESTU Group 2, are compared, a significant mean difference can be observed in AFC scores 

(t=9.486, p<0.001). On average, ESTU Group 2 achieved 95.7 kg less fuel consumption per 

aircraft than ESTU Group1. No significant mean difference in AFC scores is observed between 

ZFOT Group 1 and Group 2 (t=-0.114, p>0.05). When the mean scores of all trainees in Group 

1 (ESTU+ZFOT Group 1) and Group 2 (ESTU+ZFOT Group 2) are compared, a significant 

mean difference can also be observed (t=6.520, p<0.001). The results show that previous 

findings regarding fuel efficiency can improve the trainees’ behavior towards how to handle air 

traffic more efficiently during radar approach simulations. 
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Table 5.  Paired samples tests between AFC values of ESTU and ZFOT groups. 

 

Paired Differences 

t df 

Sig. 

(2-

tailed) 

Mean Std. 

Dev. 

Std. 

Error 

Mean 

95% Confidence Interval 

of the Difference 

Lower Upper 

ESTU Group1 vs 2 95.69 84.99 10.09 75.573 115.8112 9.486 70 .000 

ZFOT Group 1 vs 2 -1.38 101.79 12.08 -25.47 22.71 -.114 70 .909 

ESTU+ZFOT Group 1 vs 2 47,16 60,95 7,23 32,73 61,58 6,520 70 ,000 

 

3.3. Paired Sample Test Results for Average Flight Time (AFT) 

The results of paired sample tests for AFT are presented in Table 6. No significant mean 

difference can be observed in AFT scores between ESTU Group 1 and Group 2(t=-0.203, 

p>0.05), ZFOT Group 1 and Group 2 (t=0.263, p>0.05), the ESTU+ZFOT Group1 and 

ESTU+ZFOT Group 2(t=0.027, p>0.05). The trainee groups of 2018 and 2020 had almost equal 

mean flight times per aircraft. As it can be seen from the simulation results of 2018 (Table 1), 

the trainees of each higher education adopted different techniques to handle arriving aircraft 

within the TMA due to the different training approaches of ATC instructors. While one group 

of trainees prefers using more speed change instructions, the other favor on using heading 

changes for maintaining the safe separation between aircraft and sequencing arriving aircraft.  

Although SINC and SDEC instructions were not recorded separately during the baseline 

simulations in 2018, AFT scores show that one group make aircraft fly slower on shorter routes 

while the other make aircraft fly faster on longer routes. These tradeoffs between HC and SC 

may result in the similar AFT scores. The simulation results of 2020 (Table 2) show that one 

group preferred using more SDEC and low-altitude level-offs than the other while both groups 

have close HC values. These new tradeoffs also resulted in the similar AFT scores. Although 

no significant difference was observed in the mean values, flight times of aircraft are still an 

important factor to provide an efficient air traffic flow and airspace capacity use within TMAs. 

Therefore, an accurate model of AFT is required to evaluate time efficiency. In order to achieve 

such a model, the correlation and casual relations between AFT and SINC should be 

investigated. 
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Table 6.  Paired samples tests between AFT values of ESTU and ZFOT groups. 

 

Paired Differences 

t df 

Sig. 

(2-

tailed) 

Mean Std. 

Dev. 

Std. 

Error 

Mean 

95% Confidence Interval 

of the Difference 

Lower Upper 

ESTU Group1 vs 2 -.0484 2.007 .238 -.523 .426 -.203 70 .840 

ZFOT Group 1 vs 2 .0797 2.554 .303 -.525 .684 .263 70 .793 

ESTU+ZFOT Group 1 vs 2 .00460 1.435 .170 -.335 .344 .027 70 .979 

 

3.4. Paired Sample Test Results for Average Distance Flown (ADF) 

The results of paired sample tests for ADF are presented in Table 7. When the ESTU Group 1 

and ESTU Group 2, are compared, a significant mean difference can be observed in ADF scores 

(t=-3,036, p<0.01). On average, ESTU Group 2 made aircraft fly 6 nm more per aircraft than 

ESTU Group1. There is also a significant mean difference (t=5.861. p<0.001) between ADF 

scores of ZFOT Group 1 and Group 2. On average, ZFOT Group 2 made aircraft fly 6.6 nm 

less per aircraft than ZFOT Group 1. When the mean scores of ESTU+ZFOT Group 1 and 

ESTU+ZFOT Group 2 are compared, a significant mean difference can also be observed (t=-

3.806. p<0.001) in ADF scores. The results show that increased fuel efficiency resulted in 

increased average flight distances slightly from 95.2 nm to 99.3 nm per aircraft.   

Table 7.  Paired samples tests between ADF values of ESTU and ZFOT groups. 

 

Paired Differences 

t df 

Sig. 

(2-

tailed) 

Mean Std. 

Dev. 

Std. 

Error 

Mean 

95% Confidence Interval 

of the Difference 

Lower Upper 

ESTU Group1 vs 2 -6.023 16.716 1.984 -9.979 -2.066 -3.036 70 .003 

ZFOT Group 1 vs 2 6.616 9.512 1.129 4.365 8.867 5.861 70 .000 

ESTU+ZFOT Group 1 vs 2 -4.154 9.196 1.091 -6.330 -1.977 -3.806 70 .000 
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4. CORRELATION ANALYSIS 

Before constructing the new regression models for flight efficiency indicators, correlations were 

investigated between all variables based on the simulated data collected in 2018 and 2020. The 

independent variables having significant correlation with dependent variables were included in 

the regression models. Pairwise correlations between dependent and independent variables are 

presented in Table 8.  

4.1. Average Fuel Consumption (AFC) Correlations 

According to these results in Table 8, AFC has a strong positive correlation with LALF 

(r=0.707), medium positive correlations with HC (r=0.651), SDEC (r=0.620) and FLC 

(r=0.578) at a significance level of p<0.01. AFC also has a medium negative correlation with 

SINC (r=-0.533) at a significance level of p<0.01. Therefore, AFC and all independent variables 

were correlated with a statistical significance according to this correlation analysis. 

4.2. Average Flight Time (AFT) Correlations 

As shown in Table 8, AFT have medium positive correlations with HC (r=0.661), SDEC 

(r=0.630), LALF (r=0.590) and FLC (r=0.524) at a significance level of p<0.01. Similar to 

AFC, it also has a medium negative correlation with SINC (r=-0.569) at a significance level of 

p<0.01. Therefore, AFT and all independent variables were correlated with a statistical 

significance according to this correlation analysis. 

4.3. Average Distance Flown (ADF) Correlations 

ADF have medium positive correlations with SDEC (r=0.564), HC (r=0.539), LALF (r=0.530) 

and FLC (r=0.403) at a significance level of p<0.01 while it has a medium negative correlation 

with SINC (r=-0.487) at a significance level of p<0.01. ADF have correlation with all 

independent variables but the Pearson correlation coefficient is very close to its accepted weak 

correlation limit value of 0.4 for FLC.  
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Table 8. Correlation matrix for independent and dependent variables based on combined data of the ATC Radar Approach Simulations in 2018 and 2020 

 

Heading 
Instruction 

Count per a/c 

Flight Level 
Instruction 

Count per a/c 

Speed 
Increase 

Instruction 
Count per a/c  

Speed 
Decrease 

Instruction 
Count per a/c 

Low-Altitude 
Level off 

Percentage 
per a/c 

Average Fuel 
Consumption 

per a/c (kg) 

Average 
Flight Time 

per a/c (min) 

Average 
Distance 

Flown per a/c 
(nm) 

Heading Instruction 
Count per a/c 

(HC) 

Pearson Correlation  .668** -.332** .497** .301** .651** .661** .539** 
Sig. (2-tailed)  .000 .005 .000 .000 .000 .000 .000 
N  142 71 71 142 142 142 142 

Flight Level 
Instruction Count per 

a/c (FLC) 

Pearson Correlation .668**  -.530** .644** .277** .578** .524** .403** 
Sig. (2-tailed) .000  .000 .000 .001 .000 .000 .000 
N 142  71 71 142 142 142 142 

Speed Increase 
Instruction Count per 

a/c (SINC) 

Pearson Correlation -.332** -.530**  -.516** -.378** -.533** -.569** -.487** 
Sig. (2-tailed) .005 .000  .000 .001 .000 .000 .000 
N 71 71  71 71 71 71 71 

Speed Decrease 
Instruction Count per 

a/c (SDEC) 

Pearson Correlation .497** .644** -.516**  .560** .620** .630** .564** 
Sig. (2-tailed) .000 .000 .000  .000 .000 .000 .000 
N 71 71 71  71 71 71 71 

Low-Altitude Level off 
Percentage per a/c 

(LALF) 

Pearson Correlation .301** .277** -.378** .560**  .707** .590** .530** 
Sig. (2-tailed) .000 .001 .001 .000  .000 .000 .000 
N 142 142 71 71  142 142 142 

Average Fuel 
Consumption per a/c 

(AFC) (kg) 

Pearson Correlation .651** .578** -.533** .620** .707**  .953** .899** 
Sig. (2-tailed) .000 .000 .000 .000 .000  .000 .000 
N 142 142 71 71 142  142 142 

Average Flight Time 
per a/c (AFT) 

 (min) 

Pearson Correlation .661** .524** -.569** .630** .590** .953**  .916** 
Sig. (2-tailed) .000 .000 .000 .000 .000 .000  .000 
N 142 142 71 71 142 142  142 

Average Distance 
Flown per a/c (ADF) 

(nm) 

Pearson Correlation .539** .403** -.487** .564** .530** .899** .916**  
Sig. (2-tailed) .000 .000 .000 .000 .000 .000 .000  
N 142 142 71 71 142 142 142  

**. Correlation is significant at the 0.01 level (2-tailed). 

*. Correlation is significant at the 0.05 level (2-tailed). 
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5. REGRESSION ANALYSIS 

Regression analysis were performed to obtain AFC, AFT and ADF in terms of ATC instruction 

counts and flight profile information. Selection of independent variables in these models were 

done according to the Pearson Correlation coefficients. In the next step, causal relations were 

also between dependent variables and the selected variables were also studied. Independent 

variables having no significant causal relationship with the dependent variables were eliminated 

from the models. This section presents a review for previously obtained regression models 

according to the results of 2018 and then introduces the new regression models obtained 

according to the combined result  

5.1.Comparisons of Average Fuel Consumption (AFC) Models 

5.1.1. Review of Regression Model of the Baseline ATC Radar Simulations 

Fuel consumption was determined to be the first factor to evaluate the performance of trainees 

in terms of flight efficiency. As a result of the statistical analysis, average fuel consumption per 

aircraft (AFC) was selected as the most appropriate indicator to quantify the fuel efficiency. A 

linear regression model was formulated based on the results of trainees participating the real-

time ATC radar approach simulation both at ESTU and ZFOT in 2018. In the model, AFC in 

terms of kilograms was selected as the dependent variable while FLC, HC and LALF were 

independent variables. Therefore, the model was formulated as follows: 

𝐴𝐹𝐶(𝑘𝑔) = 91.4 ∙ 𝐹𝐿𝐶 + 93.8 ∙ 𝐻𝐶 + 63.3 ∙ 𝑆𝐶 + 10.6 ∙ 𝐿𝐴𝐿𝐹 − 435                  (1) 

The model relates the average fuel consumption with trainees’ instructions and low-altitude 

level-off ratio of flight profiles. Therefore, it provides a quantitative measure of trainees’ fuel 

performance which can be used to calculate their score of efficiency. The R2 value of the model 

indicates that 75.8% of the variation in AFC was explained by the independent variables. 

According to the ANOVA analysis also the model is statistically significant with p<0.001. The 

results showed that HC, FLC and LALF are primary factors affecting AFC while SC is the 

secondary. The regression analysis also showed that all independent variables had a significant 

correlation with AFT and no multicollinearity was observed between them based on the ATC 

radar approach simulation data of 2018.  
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5.1.2. The New Regression Model for AFC 

Although the obtained regression model in Equation (1) is good to represent fuel consumption 

per aircraft in terms of ATCO instructions and flight profile, its further improvement is required 

based on the results of the new ATC radar simulations. The one of the basic issues regarding 

this improvement is the definition of speed instruction counts. Speed instructions have been 

used for aircraft conflict resolution and arrival sequencing within TMAs. They can affect the 

fuel consumption of arriving aircraft in positive or negative manner depending on whether the 

airspeed of the aircraft is increased or decreased within the TMA. Any decrease in airspeed can 

decrease the fuel flow rate but it also increases the flight time and therefore amount of fuel 

consumption during the flight. Increasing airspeed, on the other hand, decreases flight time but 

fuel consumption may increase or decrease depending on the deviation from the fuel optimal 

airspeed of the aircraft. If the new airspeed is too low or too fast from this cruise airspeed, an 

extra penal penalty is induced.  Therefore, there is always a certain trade-off about how much 

increase or decrease the airspeed of an aircraft depending on the aircraft performance and flight 

conditions. As given in Equation (1), the simple count of speed instructions may not represent 

the effect of speed changes well on fuel consumption. In the new ATC simulations, instead of 

recording SC only, speed increase instructions (SINC) and speed decrease instruction counts 

(SDEC) were recorded separately. Therefore, both SINC and SDEC data were included in the 

new regression analysis in order to improve the linear regression model of AFC. 

In order to perform the regression analysis, the ATC radar simulation data of 2018 and 2020 

were combined and a new linear regression model were obtained with a higher variance 

explanation of the dependent variable, AFC. The correlation analysis showed that AFC have 

correlation with all independent variables in Table 8.  But after building a multilinear regression 

model using these 5 independent variables, it was observed that only 3 of them (HDC, LALF 

and SINC) have a causal relationship with AFC. Therefore, the final multilinear regression 

model was constructed using these 3 independent variables. The results of the final regression 

analysis are presented in Table 9-11. 
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Table 9. The regression model summary of AFC based on the combined ATC radar simulation data. 

Model Summaryb 

R R2 
Adjusted 

R2 

Std. Error 

of the 

Estimate 

Change Statistics 
Durbin-

Watson 
R2 

Change 

F 

Change 
df1 df2 

Sig. F 

Change 

.904a .817 .808 73.35703 .817 99.377 3 67 .000 1.991 

a. Predictors: (Constant), 

Speed Increase Instruction Count per a/c (SINC), 

Heading Instruction Count per a/c (HC), 

Low-altitude Level-off Flight percent per a/c (LALF). 

b. Dependent Variable: Average Fuel Consumptions per a/c (AFC)  
 

Table 10. The regression coefficients for AFC based on the combined ATC radar simulation data. 

Regression Coefficientsa 

Model 

Unstandardized 

Coefficients 

Standardized 

Coefficients 
t Sig. 

Correlations Collinearity Statistics 

B 
Std. 

Error 
Beta 

Zero-

order 
Partial Part Tolerance VIF 

(Constant) -82.36 58.183 
 

-1.416 .162 
     

HC per a/c 111.81 16.403 .390 6.817 .000 .649 .640 .357 .838 1.194 

LALF per 

a/c 

15.57 1.534 .591 10.151 .000 .791 .778 .531 .807 1.239 

SINC per 

a/c 

-151.98 49.125 -.180 -3.094 .003 -.533 -.354 -.162 .810 1.234 

a. Dependent Variable: Average Fuel Consumptions per a/c (AFC) 
 

Table 11. The ANOVA summary of AFC based on the combined ATC radar simulation data. 

ANOVAa 

Model 
Sum of 

Squares 
df Mean Square F Sig. 

Regression 1604315.894 3 534771.965 99.377 .000b 

Residual 360543.959 67 5381.253   
Total 1964859.852 70    

a. Dependent Variable: Average Fuel Consumptions per a/c (AFC) 

b. Predictors: (Constant), 

Speed Increase Instruction Count per a/c (SINC), 

Heading Instruction Count per a/c (HC), 

Low-altitude Level-off Flight percent per a/c (LALF). 
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According to the result presented in Table 9 and 10, the final multi linear regression model for 

AFC was revised as follows: 

𝐴𝐹𝐶(𝑘𝑔) = 111.81 ∙ 𝐻𝐶 + 15.57 ∙ 𝐿𝐴𝐿𝐹 − 151.98 ∙ 𝑆𝐼𝑁𝐶 − 82.37                  (2) 

The model in Equation (2) relates the average fuel consumption (AFC) with trainees’ HC and 

SINC instructions as well as low-altitude level-off ratio of flight profiles. Therefore, it provides 

a quantitative measure of trainees’ fuel performance which can be used to calculate their score 

of efficiency. As shown in Table 9, the R2 value of the new AFC model is increased to 81.7% 

from 75.8% while the number of the independent variables are decreased from 4 to 3. Therefore, 

the new regression model can better explain the variations of the fuel consumptions with fewer 

independent variables. ANOVA analysis (Table 11) also shows that model is statistically 

significant with p<0.001.  

In the model, AFC. HC and LALF have positive coefficients which indicate that higher values 

of them lead to higher fuel consumption. These results are also parallel with the findings of the 

previous regression model in Equation (1). Therefore, excessive heading instructions and low-

altitude level-offs result in extra fuel consumption. As expected, HC usually requires extensions 

in routes and therefore it can cause extra fuel consumption for arriving aircraft within a TMA. 

Higher values of LALF also leads to extra fuel consumption due to less fuel-efficient level flight 

of arriving at low-altitudes, especially under FL080. The negative coefficient of SINC, on the 

other hand, show that fuel consumption decreases as speed increase instruction increase. 

Therefore, SINC can lead to fuel savings due to shortened flight times for arriving aircraft 

within TMA. Although SINC let aircraft to fly faster than their fuel optimal airspeeds, the 

higher fuel flow rates due to these higher airspeeds do not induce fuel penalty for the considered 

approach scenarios of the simulation exercises. The collinearity statistics in Table 10 also 

indicates that no multicollinearity problem exists between the independent variables HC, LALF 

and SINC based on their variance influence factor (VIF) values. As a rule of thumb, VIF values 

under 2.0 indicate weak correlation between the independent variables.  

After investigating the causal relationship between the dependent and the independent variables 

separately, it is observed that LALF and HC are still the primary factors affecting the AFC. 

According to the results of the regression analysis, LALF explains 50% of the variations in 

AFC by itself while HC explains 42.4% of the variation in AFC by itself. Although SINC has 

a significant correlation with AFC, its effect on fuel consumption is more limited than those of 
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LALF and HC. It can only explain 28% of the variation in AFC. Therefore, it is critical to 

encourage trainees avoiding long level-offs at low altitudes (especially under FL080) for arrival 

sequencing and conflict resolution.  

5.2. Comparison of Average Flight Time (AFT) Models 

5.2.1. Review of Regression Model of the Baseline ATC Radar Simulations 

Flight time of arriving aircraft within the TMA was the second factor to evaluate the 

performance of trainees in terms of flight efficiency. Average flight time per aircraft was chosen 

as the indicator to quantify the flight time efficiency based on the results of the real-time ATC 

radar approach simulations done at ESTU and ZFOT in 2018. AFT refers to the flight duration 

of arriving aircraft between its TMA entry time and its hand-off time to aerodrome control unit 

over ASIMA point. Based on the results of ESTU and ZFOT Group 1 trainees, a linear 

regression model was obtained. In the model, AFT measured in minutes was selected as the 

dependent variable while FLC, HC and LALF were independent variables. The regression 

model was formulated as follows: 

𝐴𝑇𝐹(𝑚𝑖𝑛) = 2.6 ∙ 𝐹𝐿𝐶 + 2.3 ∙ 𝐻𝐶 + 1.2 ∙ 𝑆𝐶 + 0.17 ∙ 𝐿𝐴𝐿𝐹 − 5.64                    (3) 

The model in Equation (3) relates the average flight time (AFT) with trainees’ HC and SINC 

instructions as well as low-altitude level-off ratio of flight profiles. Therefore, it provides a 

quantitative measure of trainees’ time performance which can be used to calculate their score 

of efficiency. The R2 value of the model indicates that 76.3% of the variation in AFC was 

explained by the independent variables FLC, HC, SC and LALF. According to the ANOVA 

analysis also the model is statistically significant with p<0.001. Similar to the first AFC model 

based on 2018 data, LALF, HC and FLC have the stronger effects on flight duration while SC 

has a relatively weaker impact on it. The model shows that AFT increases with all independent 

variables. As expected, heading change instructions usually lead to extended flight routes 

resulting in longer flight times. Therefore, increased HC given by trainees can rise AFT as 

described in the model. Increased FLC can also increase flight duration considering the fact that 

they make arriving aircraft descent to lower flight altitudes than the ones at the TMA entry 

point. Based on aircraft performance, the operational airspeeds are required to be reduced as 

aircraft descents to lower altitudes. Hence more flight level changes mean that aircraft fly more 

at lower altitudes with relatively lower airspeeds. Similar to HC, LALF also indicates how much 
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an arriving aircraft flies at lower flight levels with lower airspeeds. Consequently, both HC and 

FLC can increase AFT associated with these lower speeds at lower altitudes. The model in 

Equation (3) indicates that AFT linearly increases with SC. Due the lack of SINC and SDEC 

data, it is not possible explain if this rise in time durations was caused by the increase in speed 

decrease instructions (SDEC) given by the trainees during the simulations. The regression 

analysis also showed that all independent variables had a significant correlation with AFT and 

no multicollinearity was observed between them based on the ATC radar approach simulation 

data of 2018.  

5.2.2. The New Regression Model for AFT 

The new regression analysis was also performed for AFT with inclusion of the new data set of 

2020 in the existing data set of 2018. A new linear regression model was obtained with a slightly 

higher variance explanation of the dependent variable using this combined data. The correlation 

analysis showed that AFT have correlation with all five independent variables in Table 8.  But 

after building a multilinear regression model using these 5 independent variables, no causal 

relationship was found between AFT and two independent variables, FLC and SDEC. As 

mentioned in the previous section, the increased FLC implies introduction of lower airspeeds 

to arriving aircraft descending to lower flight levels. But the regression analysis showed that 

the contribution of FLC to the increase in AFT was much less than the contribution of LALF. 

This is mainly because level-offs at lower altitudes make aircraft fly longer at lower speeds and 

therefore leads to longer flight durations. According to the analysis, it can also be observed that 

flight time reduction due to SINC is more dominant than flight time increase due to SDEC. 

Therefore, compared to the previous model in Equation (3), the number of independent 

variables in the model were reduced from 4 to 3 including HC, LALF and SINC according to 

the new regression analysis. The results of this regression analysis are presented in Table 12-

14. 

 

 

 

 



 
18 

 

 

Table 12. The regression model summary of AFT based on the combined ATC radar simulation data. 

Model Summaryb 

R R2 Adjusted 

R2 

Std. Error 

of the 

Estimate 

Change Statistics Durbin-

Watson R2 

Change 

F 

Change 

df1 df2 Sig. F 

Change 

.877a .768 .758 1.93937 .768 74.076 3 67 .000 1.798 

b. Predictors: (Constant), 

Speed Increase Instruction Count per a/c (SINC), 

Heading Instruction Count per a/c (HC), 

Low-altitude Level-off Flight percent per a/c (LALF). 

b. Dependent Variable: Average Flight Time per a/c (AFT) 
 

Table 13. The regression coefficients for AFT based on the combined ATC radar simulation data. 

Regression Coefficientsa 

Model Unstandardized 

Coefficients 

Standardized 

Coefficients 

t Sig. Correlations Collinearity Statistics 

B Std. 

Error 

Beta Zero-

order 

Partial Part Tolerance VIF 

(Constant) 4.349 1.538 
 

2.827 .006 
     

HC per a/c 3.013 .434 .446 6.947 .000 .683 .647 .408 .838 1.194 

LALF per a/c .284 .041 .458 7.002 .000 .703 .650 .412 .807 1.239 

SINC per a/c -4.933 1.299 -.248 -3.798 .000 -.569 -.421 -.223 .810 1.234 

a. Dependent Variable: Average Flight Time per a/c (AFT) 
 

Table 14. The ANOVA summary of AFT based on the combined ATC radar simulation data. 

ANOVAa 

Model Sum of Squares df Mean Square F Sig. 

Regression 835.840 3 278.613 74.076 .000b 

Residual 251.998 67 3.761   
Total 1087.838 70    

a. Dependent Variable: Average Flight Time per a/c (AFT) 

b. Predictors: (Constant), 

     Speed Increase Instruction Count per a/c (SINC), 

     Heading Instruction Count per a/c (HC), 

     Low-altitude Level-off Flight percent per a/c (LALF). 
 
According to the result of the regression analysis presented in Table 12 and 13, the following 

revised multi linear regression model was obtained for AFT: 

𝐴𝐹𝑇(𝑚𝑖𝑛) = 3.013 ∙ 𝐻𝐶 + 0.284 ∙ 𝐿𝐴𝐿𝐹 − 4.993 ∙ 𝑆𝐼𝑁𝐶 + 4.349                  (4) 
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The model in Equation (4) relates the average flight time (AFT) with trainees’ HC and SINC 

instructions as well as low-altitude level-off ratio of flight profiles. Therefore, it provides a 

quantitative measure of trainees’ time performance which can be used to calculate their score 

of efficiency. As presented in Table 12, the R2 value of the new AFT model is improved to 

%76.8.  Although the increase in R2 is relatively small, the model can still better explain the 

variation in flight duration using fewer independent variables. ANOVA analysis (Table 14) also 

shows that model is statistically significant with p<0.001.  

The regression coefficients in Table 13 show that each independent variable added to the model 

also has a significant correlation with the dependent variable (p<0.001).  Similar to the model 

for AFC, Increasing HC and LALF values rises AFT whereas increasing SINC decreases it. 

Therefore, excessive heading instructions and low-altitude level-offs can result in longer flight 

times due to extended routes and reduced airspeeds within the TMA. Increased use of SINC for 

the considered approach scenarios of the simulation exercises. VIF values of each independent 

variable in Table 13 are under 2, thus no multicollinearity problem exists between them. 

According to the individual analysis of independent variables, HC, LALF and SINC can explain 

43.7%, 34.8% and 32.4% of the variation in AFT. Therefore, number of heading instructions 

have slightly more impact on flight efficiency than those of speed increase instructions and low 

altitude level-off flight ratio.  

5.3. Comparisons of Average Distance Flown (ADF) Model 

5.3.1. Review of Regression Model of the Baseline ATC Radar Simulations 

Average distance flown per aircraft (ADF) was considered as the third efficiency indicator in 

the previous analyses based on the simulation data of 2018.  ADF refers to the ground track 

distance of arriving aircraft travelling between its TMA entry time and its hand-off time to 

aerodrome control unit over ASIMA point. A multi linear regression model was obtained 

previously based on the results of ESTU and ZFOT Group 1 trainees in 2018. Unlike the first 

two efficiency indicators, the regression model for ADF was expressed in terms of two 

independent variables, FLC and HC. The regression model was formulated as follows: 

𝐴𝐷𝐹(𝑛𝑚) = 11.7 ∙ 𝐹𝐿𝐶 + 10.2 ∙ 𝐻𝐶 − 0.14                                             (5) 

The model in Equation (5) relates the average distance flown per (ADF) with trainees’ HC and 

FLC instructions only. The R2 value of the model indicates that 62.7% of the variation in ADF 
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was explained by these independent variables. According to the ANOVA analysis also the 

model is statistically significant with p<0.001. Although ADF can indicate how efficient 

trainees use the airspace spatially especially in arrival sequencing and maintaining safe 

separation between arriving and departing aircraft within the TMA, its interaction with flight 

time and profile makes its variance difficult to explain in terms of trainees’ instructions. 

Therefore, its R2 value is relatively low despite the model has two independent variables. But 

the model can still provide an insight for instructors regarding how efficiently they handle the 

arriving traffic within the TMAs.  

5.3.2. The New Regression Model for ADF 

The new regression analysis was also performed for ADF with inclusion of the new data set of 

2020 in the existing data set of 2018. The correlation analysis showed that ADF have correlation 

with all five independent variables in Table 8.  But after building a multilinear regression model 

using these 5 independent variables, no causal relationship was also found between ADF and 

two independent variables, FLC and SDEC. Therefore, a new linear regression model was 

obtained in terms of HC, LALF and SINC as independent variables. The results of this 

regression analysis are presented in Table 15-17. 

Table 15. The regression model summary of ADF based on the combined ATC radar simulation data. 

R R2 
Adjusted 

R2 

Std. Error 

of the 

Estimate 

Change Statistics 

R2 

Change 

F 

Change 
df1 df2 

Sig. F 

Change 

.788a .621 .604 12.54884 .621 36.557 3 67 .000 

a. Predictors: (Constant), 

     Speed Increase Instruction Count per a/c (SINC), 

     Heading Instruction Count per a/c (HC), 

     Low-altitude Level-off Flight percent per a/c (LALF). 
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Table 16. The regression coefficients for ADF based on the combined ATC radar simulation data. 

Coefficientsa 

Model Unstandardized 

Coefficients 

Standardized 

Coefficients 

t Sig. Collinearity Statistics 

B Std. 

Error 

Beta Tolerance VIF 

 Constant 31.981 9.953  3.213 .002   
HC per a/c 13.090 2.806 .383 4.665 .000 .838 1.194 

LALF per a/c 1.430 .262 .457 5.451 .000 .807 1.239 

SINC per a/c -18.812 8.404 -.187 -2.239 .029 .810 1.234 

a. Dependent Variable: Average distance flown per a/c (ADF) 
 

Table 17. The ANOVA summary of ADF based on the combined ATC radar simulation data. 

ANOVAa 

Model Sum of Squares df 
Mean 

Square 
F Sig. 

Regression 17270.433 3 5756.811 36.557 .000b 

Residual 10550.723 67 157.473   
Total 27821.155 70    

a. Dependent Variable: Average distance flown per a/c (ADF) 

a. Predictors: (Constant), 

        Speed Increase Instruction Count per a/c (SINC), 

        Heading Instruction Count per a/c (HC), 

      Low-altitude Level-off Flight percent per a/c (LALF). 
 

According to the result of the regression analysis presented in Table 15 and 16, the following 

revised multi linear regression model was obtained for ADF: 

𝐴𝐷𝐹(𝑛𝑚) = 13.09 ∙ 𝐻𝐶 + 1.43 ∙ 𝐿𝐴𝐿𝐹 − 18.81 ∙ 𝑆𝐼𝑁𝐶 + 31.98                      (6) 

The R2 value of the new ADF model became 62.1% which is slightly less than the previous one 

in Equation (5) but it is still statistically significant with p<0.001 as shown in Table 15. HC and 

LALF are correlated with ADF at p<0.001 while SINC is correlated with ADF at p<0.05. 

Increasing HC and LALF extend the flight distance of arriving aircraft whereas SINC decreases 

it. VIF values indicate that no multicollinearity problem exists in the model. According to the 

individual analysis of independent variables, HC, LALF and SINC can explain 29.1%, 28.1% 

and 23.7% of the variation in ADF.  
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6. RADAR APPROACH SIMULATION ASSESSMENT CRITERIA REVISIONS 

Based on the new ATC Radar Approach Simulations done in 2020, the efficiency-based radar 

approach simulation assessment criteria, proposed in IO4 Radar Approach Training Material 

had some minor revisions. According to the revised correlation and regression analyses, the 

independent variables of AFC, AFT and ADF models were modified and R2 values were 

improved considerably for AFC. As indicated in IO4 Radar Approach Training Material, the 

results of Integrated ATC Radar-Flight Deck Simulations results pointed out the inconsistencies 

in the effects of SC instruction on the efficiency indicators. Therefore, SC was replaced with 

SINC which showed stronger correlation and casual relation with the flight efficiency 

indicators. FLC was also removed from the models because LALF showed stronger correlation 

and casual relation with dependent variables. The estimation of scores were not changed except 

the regression models. The revised assessment scores for AFC, AFT and ADF are summarized 

in the following sections.  

 6.1. Revised Fuel Efficiency Score of Trainee 

The average fuel consumption per aircraft (AFC) describes the fuel consumption of an arriving 

aircraft specified in a radar approach simulation exercise in terms of trainee’s instructions as 

given in Equation (2):  

𝐴𝐹𝐶(𝑘𝑔) = 111.81 ∙ 𝐻𝐶 + 15.57 ∙ 𝐿𝐴𝐿𝐹 − 151.98 ∙ 𝑆𝐼𝑁𝐶 − 82.37                   

In order to calculate the fuel score of the trainee, the following steps should be followed: 

• Estimation of Fuel Penalty of the trainee, i for the given aircraft, k in the specified 

exercise, j: 

𝐹𝑃𝑖𝑗𝑘 = 𝐴𝐹𝐶𝑖𝑗𝑘−𝐴𝐹𝐶𝑟𝑒𝑓,𝑗𝑘

(1
𝑛 ∑ 𝐴𝐹𝐶𝑖𝑗𝑘

𝑛
İ=1 )−𝐴𝐹𝐶𝑟𝑒𝑓,𝑗𝑘

                                                            (7) 

 

• Estimation of Fuel Score of the trainee, i for the given aircraft, k in the specified 

exercise, j: 

𝐹𝑆𝑖𝑗𝑘 = 𝐹𝑃𝑗𝑘 𝑚𝑎𝑥−𝐹𝑃𝑖𝑗𝑘
𝐹𝑃𝑗𝑘 𝑚𝑎𝑥−𝐹𝑃𝑗𝑘 𝑚𝑖𝑛

× 100                                              (8) 
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• Estimation of Fuel Score of the trainee, i in the specified exercise, j: 

𝐹𝑆𝑖𝑗 = 1
𝐿

∑ 𝐹𝑆𝑖𝑗𝑘
𝐿
𝑘=1                                                   (10) 

Note that AFCijk is the estimated fuel consumption of kth aircraft in jth exercise by ith trainee 

and AFCref, ijk is the reference fuel consumption of kth aircraft in jth exercise estimated for ith 

exercise by the instructor where the exercise index, i =1…. n=10, the exercise index, 

j=1…..m=10, and the aircraft index, k=1…L. The number L depends on the number of arriving 

aircraft in the exercise. 

6.2. Revised Time Efficiency Score of Trainee 

The average flight time per aircraft (AFT) describes the flight duration (makespan time) of an 

arriving aircraft specified in a radar approach simulation exercise in terms of trainee’s 

instructions as given in Equation (4): 

𝐴𝐹𝑇(𝑚𝑖𝑛) = 3.013 ∙ 𝐻𝐶 + 0.284 ∙ 𝐿𝐴𝐿𝐹 − 4.993 ∙ 𝑆𝐼𝑁𝐶 + 4.349 

In order to calculate the time score of the trainee, the following steps should be followed: 

• Estimation of Time Penalty of the trainee, i for the given aircraft, k in the specified 

exercise, j: 

𝑇𝑃𝑖𝑗𝑘 = 𝐴𝐹𝑇𝑖𝑗𝑘−𝐴𝐹𝑇𝑟𝑒𝑓,𝑗𝑘

(1
𝑛 ∑ 𝐴𝐹𝑇𝑖𝑗𝑘

𝑛
İ=1 )−𝐴𝐹𝑇𝑟𝑒𝑓,𝑗𝑘

                                                            (7) 

• Estimation of Time Score of the trainee, i for the given aircraft, k in the specified 

exercise, j: 

𝑇𝑆𝑖𝑗𝑘 = 𝑇𝑃𝑗𝑘 𝑚𝑎𝑥−𝑇𝑃𝑖𝑗𝑘
𝑇𝑃𝑗𝑘 𝑚𝑎𝑥−𝑇𝑃𝑗𝑘 𝑚𝑖𝑛

× 100                                              (8) 

• Estimation of Time Score of the trainee, i in the specified exercise, j: 

𝑇𝑆𝑖𝑗 = 1
𝐿

∑ 𝑇𝑆𝑖𝑗𝑘
𝐿
𝑘=1                                                   (10) 

Note that AFTijk is the estimated average flight time of kth aircraft in jth exercise by ith trainee 

and AFTref, ijk is the reference average flight time of kth aircraft in jth exercise estimated for ith 

exercise by the instructor where the exercise index, i =1…. n=10, the exercise index, 

j=1…..m=10, and the aircraft index, k=1…L. The number L depends on the number of arriving 

aircraft in the exercise.  
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6.3. Revised Distance Efficiency Score of Trainee 

The average distance flown per aircraft (ADF) describes ground distance traveled by an arriving 

aircraft specified in a radar approach simulation exercise in terms of trainee’s instructions as 

given in Equation (6): 

𝐴𝐷𝐹(𝑛𝑚) = 13.09 ∙ 𝐻𝐶 + 1.43 ∙ 𝐿𝐴𝐿𝐹 − 18.81 ∙ 𝑆𝐼𝑁𝐶 + 31.98 

In order to calculate the distance score of the trainee, the following steps should be followed: 

• Estimation of Distance Penalty of the trainee, i for the given aircraft, k in the specified 

exercise, j: 

𝐷𝑃𝑖𝑗𝑘 = 𝐴𝐷𝐹𝑖𝑗𝑘−𝐴𝐷𝐹𝑟𝑒𝑓,𝑗𝑘

(1
𝑛 ∑ 𝐴𝐷𝐹𝑖𝑗𝑘

𝑛
İ=1 )−𝐴𝐷𝐹𝑟𝑒𝑓,𝑗𝑘

                                                            (11) 

• Estimation of Distance Score of the trainee, i for the given aircraft, k in the specified 

exercise, j: 

𝐷𝑆𝑖𝑗𝑘 = 𝐷𝑃𝑗𝑘 𝑚𝑎𝑥−𝐷𝑃𝑖𝑗𝑘
𝐷𝑃𝑗𝑘 𝑚𝑎𝑥−𝐷𝑃𝑗𝑘 𝑚𝑖𝑛

× 100                                              (12) 

• Estimation of Distance Score of the trainee, i in the specified exercise, j: 

𝐷𝑆𝑖𝑗 = 1
𝐿

∑ 𝐷𝑆𝑖𝑗𝑘
𝐿
𝑘=1                                                   (13) 

Note that ADFijk is the estimated distance flown of kth aircraft in jth exercise by ith trainee and 

ADFref, ijk is the reference distance flown of kth aircraft in jth exercise estimated for ith exercise 

by the instructor where the exercise index, i =1…. n=10, the exercise index, j=1…..m=10, and 

the aircraft index, k=1…L. The number L depends on the number of arriving aircraft in the 

exercise. 

 6.4. Overall Efficiency Score of Trainee 

Instructors can estimate an overall efficiency score for each trainee for the specified exercise as 

the weighted average of FS, TS and DS scores such that: 

𝑂𝐸𝑖𝑗 = 𝑤1𝑗 ∙ 𝐹𝑆𝑖𝑗 + 𝑤2𝑗 ∙ 𝑇𝑆𝑖𝑗 + 𝑤3𝑗 ∙ 𝐷𝑆𝑖𝑗                                      (14) 

In Equation (18), w1j, w2j and w3j are the weight coefficients of jth exercise to be determined 

by the instructor. Depending on the objective and difficulty level, different weight coefficients 

can be chosen for each exercise. If the instructors prefer to evaluate the fuel efficiency as the 
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overall efficiency performance for an exercise, the weighting coefficients become w1=1, w2=0 

and w3=0.  

6.5. Overall Score of Trainee 

The proposed flight efficiency scores can be used alone as additional assessment criteria for the 

evaluation of trainees’ performance through ATC Radar Approach Training. Alternatively, they 

can be combined with the score of conventional assessment criteria based on flight safety. In 

this regard, the decision depends on the preference of instructors considering the learning 

objectives, content and difficulty levels of each exercise. Therefore, Trainees’ overall scores 

can be expressed as the weighted averages of both scores such that:   

𝑂𝑆𝑖𝑗 = 𝛼1𝑗 ∙ 𝑆𝑆𝑖𝑗 + (1 − 𝛼1𝑗) ∙ 𝑂𝐸𝑖𝑗                                           (15) 

In Equation (19), OSij describes the overall score of ith trainee in jth exercise, SSij is the safety 

score of ith trainee in jth exercise according to the conventional assessment criteria presented 

in IO4 Radar Approach Training Material and OEij is the proposed efficiency score of ith 

trainee in jth exercise. The coefficient α1j represents the weight of related scores. 

6.6. Reference Values of Efficiency Indicators 

The values of AFCref, AFTref and ADFref were selected by the instructors for each simulation 

scenario within the exercise set given in in IO1 Generic Exercise Outline Booklet. These values 

were considered as the target values to be achieved. The reference values of ADFref were 

calculated according to the shortest possible distance between the entry points and the common 

handoff point over ASIMA fix as presented in Figure 1.  These shortest possible distances are 

equal to the sum of direct path and minimum arc distance to establish to the ILS course. The 

values of AFCref and AFTref were calculated based on the given ADFref values, entry altitude 

and performance characteristics of aircraft for the given exercise. These reference values are 

given in Appendix I.  
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Figure 1. Reference average distance flown (ADF) values within TMA 

7. ATCOSIMA ASSESSMENT TOOL 

ATCOSIMA Assessment Tool was developed to allow instructors to calculate trainees’ flight 

efficiency scores separately (i.e. fuel score, flight time score, and flight distance score) or 

combined as the weighted average of these separate scores for each exercise. The calculations 

are done according to Equations (2), (4), (6)-(14) and reference values given in Section 6. The 

tool is coded as a MS Excel file with macros (in .xlsm format) and it can be used without any 

computer programming background. The user interfaces of the tool are presented in Figure 2 

and 3.  

 Its instructions for use are as follows: 

1. Enter the names of student practicing the exercise in the B column. 

2. After pressing "START" button, enter the values of the exercise number, the total 

student number practicing this exercise, the number of aircraft and the first student ID, 

respectively, in the pop-up windows. 

3. Enter the number of heading change instructions, low-altitude level of flight percentage 

and the number of speed increase instructions for each aircraft in the relevant exercise. 
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4. Enter the reference fuel, distance and time values for each aircraft in the relevant 

exercise. 

5. Click "Calculation of ..." buttons in order to calculate fuel consumption, flight distance 

and flight time for each aircraft in the relevant exercise. 

6. Click "New Student" button in order to enter the necessary values of other students and 

go to step 3. If all students are completed go to next step. 

7. Calculate the fuel, distance and time scores of each student by clicking the "... Score" 

buttons, after all students' data for the relevant exercise have been completed. 

8. Enter the fuel score, distance score and time score weights in order to calculate overall 

efficiency scores of students in the relevant exercise. (Sum of the weights must be equal 

to 1!) 

9. Click "Overall Efficiency Scores" button. 

10. Click "New Exercise" button in order to start calculations for new exercise. 

 

 
Figure 2. Opening screen and instructions of ATCOSIMA Assessment Tool 
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Figure 3. User interface of ATCOSIMA Assessment Tool 

 

8. RADAR APPROACH SIMULATION TRAINING GUIDELINE REVISIONS 

The results of the new analysis based on ATC radar approach simulation done in 2020, the new 

suggestions were added to the training guidelines. The revised radar approach simulation 

training guidelines are described in the following subsections.  

8.1. Flight Efficiency Preliminaries for ATC Radar Training  

Providing increased flight efficiency awareness to the ATCO trainees in basic training stage 

can positively affect their performance during the radar approach simulations. The flight 

efficiency of aircraft can be quantified in terms of three factors: fuel consumption, flight 

duration and flight distance of aircraft within the TMA.  

Fuel consumption is the primary concern of aircraft users especially and air traffic controllers 

have a major impact on it. The fuel consumption by the aircraft not only affects the flight 

economy, but also brings negative impacts on the environment such as increased exhaust 

emissions. Therefore, the reduction of fuel will reduce the costs of airline companies and the 

negative environmental impacts. 
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Exercise duration time indicates the productivity of the trainees in terms of airspace capacity. 

As it directly affects the number of aircraft served per unit time, the exercise duration time can 

be an important efficiency indicator for instructors. The number of aircraft served per unit time, 

especially in airspaces with high traffic demand, is of great importance for airspace managers 

and ATCs. During the training of the ATCo trainees who will possibly be working in this type 

of airspace, the exercise duration time may be the primary efficiency criterion. Exercise 

duration time is important for accelerating the flow of air traffic. Exercise duration does not 

directly affect the fuel, but it is a criterion that can be taken into consideration by the instructors 

as it indicates that the airspace capacity is used efficiently. 

The fact that the aircraft served in the airspace fly more than the optimum flight distance due 

to the heading instructions, affects the traffic flow and fuel economy in the airspace. Longer 

distance of flight path causes the possible collisions in the airspace and increases the workload 

of the air traffic controller because spending more time on each aircraft. The increase in the 

total flight distance indicates that the trainee's vector technique is not at the desired level. If the 

total distance flown is a priority considering to the airspace worked and the expectations of the 

Instructors, it may be decided as an evaluation criterion. 

Instructors can decide which of productivity indicators will be used considering to the exercise 

or training goals. According to the examinations, the factors to be considered during and before 

exercise to increase productivity are explained below. 

8.2. Level-off Minimization 

Stepped descent of the aircraft during their exercises shows that the ATCo trainees do not make 

any planning about the descent profile and they can only think of the management of the traffic 

flow in two dimensions. While explaining the vertical planning of the flight profile to the 

trainees, it must also be emphasized of the economical results of it. In basic air traffic control 

training, instead of step by step descent, a planned descent profile management should be 

explained. It is necessary to introduce trainees to the areas in the airspace where the descents 

can begin. ATCo trainees should be encouraged by instructors to use less level-offs especially 

at low altitudes, especially under FL080 (i.e. 8000 ft).  

The most critical point in the relationship of the descent profile with the fuel is the occurrence 

of straight flight at the instructed flight level. The importance of continuous descent in approach 
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(CDA) control has been emphasized in many studies. It is very important for the trainee to be 

able to decide where to start the descend according to the distance of the aircraft to the ILS 

course. For this, it is necessary to determine the continuous descend distances at the nominal 

level according to the entry point during the exercises. For example, aircraft need 54,28NM 

distance to descend from FL220 in the generic airspace (Figure 4). By introducing to trainees, 

the areas where the descent should begin, a vertical profile planning can be useful for arriving 

aircraft. During the air traffic flow management, especially in airspaces where vector technique 

is used, ATCo’s need to use an intermediate level to handle making safe separations in the 

sequencing planning. Using this intermediate level, which is a natural requirement of air traffic 

flow, at high levels possibly will positively affect fuel economy. For the airspace used within 

the scope of this project, it would be appropriate to use the intermediate levels between FL120 

- FL170 for this purpose. In the flight profile, fuel consumption reaches the highest level 

especially during level off flight at FL 80 and below. The ATCo trainees must plan their descent 

instructions in a way that there will not be level-off below FL80. In the briefings held at the 

beginning of the exercise, this information should be explained to the trainee and during their 

experiment they should be supported in this direction by the instructors. Two critical points can 

arise in flight management based on this principle. First, it can be observed higher speeds than 

the expected ground speeds. That can cause increase of the number of speed instructions, but it 

must be avoided from the using unnecessary speed instructions. The second point is that the 

aircrafts can be remain high when they reach the ILS course. To balance this issue, the trainee 

should be supported by being warned at critical points. 
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Figure 4. An example vertical planning for level-off minimization within the TMA 

8.3.  Number of Heading Change Instructions 

The fuel consumption is related to the number of heading instructions given by trainees. The 

high number of heading instructions indicate that the trainee is not familiar with the structure 

of the airspace and has difficulty in vector planning in the air traffic management. It is also an 

indication that the vector technique of the ATCo trainees has not reached a satisfactory level 

yet. During the briefing, it is necessary to introduce the headings and delay headings which 

direct the aircraft to the ILS course while introducing the arrivals to the airspace. For example, 

in Figure 5, trainees can be informed about how to sequence three eastbound flights over a 

chosen common point for an efficient arrival sequencing. The first aircraft in the arrival 

sequence should not delayed and it should let to fly along the shortest possible trajectory 

intercepting the ILS course. This trajectory is shown in solid red curve in Figure 5.  If trainees 

are required to delay the eastbound aircraft, a 2500 heading instructions can be given as shown 

in dashed lines (Figure 5).  In Figure 6 and 7, there are two examples of efficient vectoring for 

the westbound aircraft within the TMA. In case of the aircraft coming from COLAS is the 

number one in the arrival sequence, it can have direct vector to the ILS course while the other 

one from RASVO should be delayed along the dashed red trajectory using heading instructions. 
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In Figure 7, the westbound aircraft from RASVO is the number one in the arrival sequence and 

it flies direct to the ILS course, while the one from COLAS receive a 2100 heading instructions. 

Therefore, minimum possible number of heading instructions can be given to the aircraft. 

 

Figure 5. An example of an efficient vectoring delay for an eastbound flight within the TMA 

 

Figure 6. An example of an efficient vectoring delay for a westbound flight within the TMA 
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Figure 7. An example of an efficient vectoring for arrival sequencing within TMA 

8.4.  Number of Speed Increase Instructions 

Speed changes instructions can affect the fuel consumption of arriving aircraft in positive or 

negative manner depending how much they are increased or decreased from the optimal value 

for the given flight conditions. Therefore, counting speed changes alone cannot be a sufficient 

parameter to predict flight efficiency indicators, especially, the amount of fuel consumption of 

aircraft within the TMA. The statistical analyses of the ATC radar and the integrated ATC 

radar- Flight Deck simulations showed the conflicting and usually weak correlations of speed 

change counts on fuel efficiency. These weak and conflicting correlations and causal relations 

between speed change instructions are mainly due to two aircraft performance issues. The first 

issue is regarding the flight duration. If airspeed is increased the flight duration decreases while 

if it is decreased, the flight duration increases. The second issue is regarding the fuel 

consumption per unit time. Each aircraft has a minimum fuel consumption per unit time at an 

optimum speed for the given flight conditions. If the speed of the aircraft is too much decreased 

or increased from this value, its fuel consumption per unit time increases as well. Therefore, 

there is a certain tradeoff between flying faster and spending less fuel. The results of the new 

ATC simulations done in 2020 brought a clearer perspective regarding these issues. In these 

experiments, speed increase and decrease instructions were recorded separately. The analysis 
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of these data indicated that the number of speed decrease instructions did not have a significant 

correlation on any of the efficiently indicators while the number speed increase instructions 

cause a decrease them. This result indicates that flying faster within the TMA do not results in 

significant increase in fuel consumption per unit time but results in considerable fuel savings 

due to the reduced flight time for arriving aircraft. Trainees should be instructed about these 

positive and negative effects of speed increase and decrease instructions. If necessary, use of 

speed increase instructions seem more fuel efficient but they should be used wisely. 

Unnecessary speed increase or decrease instructions can also disrupt the air traffic flow and the 

task load of air traffic controller as shown by the result of the integrated ATC radar-Flight deck 

simulations done in 2018. 

9. ASSESSMENT SCORE COMPARISONS AND RADAR TRAINING PROGRAM 

REVISIONS 

The improvement of flight efficiency awareness in trainees is possible with repetition of the 

tasks in the exercises over time. Therefore, the exercises should be designed from easy to 

difficult so that trainees can adjusted used to the airspace and traffic flow. Trainees should be 

expected to progress through three low-difficulty exercises. The radar approach simulation 

training program (Table 18) was implemented to trainees in two different sets of ATC radar 

approach simulations in 2018 and 2020.   

Table 18. The sample generic exercise plane for radar approach simulation training 

Exercise 
Name 

Description Objectives Difficulty 

EXE001 

• Low air traffic density 
• Arrivals only 

• Familiarization with TMA 
• Range and bearing measurement with respect to the handoff point 

(ASIMA) 
• Planning for Arrival Sequencing 
• Descent Point Estimation 
• Communication of FLC, HC and SC instructions to pseudo-pilots 
• Listening readback and correction 

Low 

EXE002 • Low air traffic density 
• Arrivals from distantly and  
• Departures with one-minute 

time separation 

In addition to the objectives of EXE001: 
• Monitoring distance separation between arrivals and departures 
• Monitoring time separation between departures 
• Separation assurance between arrivals and departures using basic 

vectoring techniques  

Low 

EXE003 • Medium air traffic density 
• Mix of arrivals and 

departures 
• Conflicts between arrivals at 

the same entry point 

In addition to the objectives of EXE002: 
• Conflict resolution between arrivals using vectoring techniques  
• Conflict resolution between arrivals and departures using 

vectoring techniques 
 

Low 

EXE004 • Medium air traffic density 
and arrival-departure mix 

In addition to the objectives of EXE003: 
• Separation assurance between departures using climb rate 

adjustments 

Low-Medium 
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• Separation assurance between departures and arrivals using 
climb/descent rate adjustments 

• Modification of arrival sequence according to the entry-time 
changes 

 
EXE005 • Medium air traffic density 

• Departure sequence 
• Simultaneous multiple 

arrival entries to TMA 

• Sequencing multiple arrivals over the same fix over the same fix 
at the same 

• Airspeed adjustment in arrival sequencing 
• Handling arrivals from opposite directions 

Low-Medium 

EXE006 • Medium-high air traffic 
density 

• Multiple arrivals and 
departure sequences 

• Sequencing multiple arrivals 
• Separation assurance between departures using climb rate 

adjustments 

Medium 

EXE007 • High air traffic density with 
close entry times 

• Multiple arrivals and 
departure sequences 

• Separation assurance between arrivals and departures 
• Separation assurance between departures 
• Orderly sequences of arrival and departure flows 

Medium-
High 

EXE008 • High air traffic density 
• Multiple departures with 

close entry times 
• Successive arrival pairs  

• Multiple arrival sequencing and separation assurance at the same 
fix with close flyover times 

• Prioritization of aircraft for effective arrival sequencing 

High 

EXE009 • High air traffic density 
• Multiple arrivals with 

similar flyover times 

• Effective implementation of radar separation procedures 
• Organization of arrival sequences according to the entry points 
• Use of alternative arriving sequencing for arrival groups 

High 

EXE010 • High air traffic density 
• Multiple arrivals from 

opposite directions 
• Multiple departures  

• Effective implementation of radar separation procedures 
• Deciding priorities between arrival groups 
• Sequencing aircraft groups over the same fix at similar flyover 

times 

Mediun-High 

 

The groups of trainees participating the baseline ATC real-time simulations in ESTU and ZFOT 

in 2018 are referred as Group 1 and the groups of trainees participating the new ATC real-time 

radar simulations in ESTU and ZFOT in 2020 are referred to as Group 2. In the baseline 

simulations, Group 1 had no supplementary training regarding the flight efficiency. Group 2, 

however, had a supplementary training according to the guidelines described in IO4 Radar 

Approach Training Material. Both groups were assessed by the instructors using the 

conventional safety-based assessment criteria given in IO4 Radar Training Approach Material 

and the new developed efficiency-based criteria described in Section 6. The safety and 

efficiency scores of the students in experiments in 2018 can be seen in Figure 8 which are 

evaluated by conventional safety-based assessment criteria and our proposed efficiency score 

calculator, respectively.  
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Figure 8. Scores in 2018 

Figure 8 shows that the safety scores of trainees remain in a narrow range while the efficiency 

scores are distributed over a wider scale. The mean values of the safety scores are changes 

between 87% to 94%. These result show that the most of the trainees received passing grades 

over 75% from the exercises. Except serious mistakes such as midair conflicts or near-misses, 

the conventional safety assessment criteria neither measure significant differences in trainees’ 

safety performance nor reflect any feedback about their efficiency performance. According to 

the new efficiency-based criteria, on the other hand, significant variation can be observed in 

terms of both trainees and exercises. The most of the mean efficiency scores remain under 50%. 

For the exercises with prescribed low difficulty level (EXE001-EXE003), the mean efficiency 

scores improve slightly because of the increased adaptation to the airspace and traffic pattern. 

Similar to the low difficulty exercises, when the difficulty level is increased to from low to low-

medium or medium difficulty level (EXE004-EXE006) and from medium to medium-high 

difficulty level (EXE007-EXE010), the scores drop first and then slightly increase. Therefore, 

the performance differences between trainees and the improvements through the exercises can 

be caught by the new assessment criteria. Therefore, more effective training and assessment 

seem possible using these new criteria.   
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Figure 9 shows the safety and efficiency-based scores of trainees in 2020. The safety scores 

again remain in the same narrow range while the efficiency scores range over even a wider 

interval. The mean efficiency scores slightly improved over 50% and the variations in the mean 

scores become more sensitive to the changes in the difficulty levels of the exercises. Despite 

the slight improvement in the mean efficiency, some efficiency scores considerably improved 

and reached the levels above 75% in 2018. Some efficiency scores, on the other hand, remained 

at the same level with those in 2018.  

 
Figure 9. Scores in 2020 

As a result of the analyses, it can be concluded that the use of enhanced training on flight 

efficiency can improve the flight efficiency awareness and performance of trainees but the 

provided guidelines should be explained more carefully regarding to the efficiency for the 

further improvement. The revisions in the training guidelines and assessment criteria in this 

document can help to provide a more effective radar approach simulation training and more 

accurate and complete assessment on the trainees’ performance compliant with the current and 

future requirements of Pan-European ATM objectives. 
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APPENDIX I.  

Reference AFC and ADF Values for the TMA 

Exercise 
Number 

Aircraft 
Callsign 

Aircraft 
Number 

TMA Entry 
Point 

Aircraft 
TMA Entry 

Time 
Entry FL Reference 

AFC (kg) 
Reference 
AFT (sec) 

EXE001 SAS112 1 SIRPO 05:45 210 187.19 769.03 
 DLH463 2 KERAX 05:45 220 204.54 820.13 
 AFR338 3 RASVO 06:20 210 153.22 716.40 
 THY312 4 COLAS 06:20 200 136.83 667.38 
 SXS106 5 XINLA 06:45 220 106.06 666.57 
        

EXE002 THY205 1 XINLA 06:45 210 121.17 666.76 
 THY136 2 OLALI 06:45 220 304.93 976.65 
 DLH996 3 SIRPO 07:15 210 187.19 769.03 
 DLH476 4 RASVO 07:15 230 122.48 715.27 
 IBE882 5 COLAS 07:50 220 106.06 666.57 
 SAS246 6 KERAX 07:50 210 221.17 821.67 
        

EXE003 DLH105 1 XINLA 05:45 170 186.77 671.16 
 UAE1369 2 XINLA 06:20 180 169.63 669.87 
 THY796 3 RASVO 06:20 190 186.19 720.00 
 AFR123 4 OLALI 06:30 200 342.02 983.87 
 DLH479 5 COLAS 06:50 200 136.83 667.38 
 THY415 6 SIRPO 07:00 190 221.31 774.22 
        

EXE004 IBE798 1 OLALI 06:00 210 323.11 979.56 
 THY346 2 SIRPO 06:50 200 203.92 770.86 
 THY825 3 KERAX 06:50 210 221.17 821.67 
 SAS220 4 XINLA 10:45 230 126.57 721.68 
 KLM456 5 COLAS 12:50 220 106.06 666.57 
 CTN887 6 COLAS 13:55 200 136.83 667.38 
        

EXE005 NDC753 1 KERAX 05:45 210 221.17 821.67 
 CLX479 2 XINLA 06:15 220 106.06 666.57 
 OAL230 3 SIRPO 06:50 210 187.19 769.03 
 FDX792 4 KERAX 07:30 210 221.17 821.67 
 CTN667 5 XINLA 08:20 200 136.83 667.38 
 BAW365 6 KERAX 09:10 220 204.54 820.13 
 AFR852 7 COLAS 11:20 210 121.17 666.76 
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Reference AFC and ADF Values for the Generic TMA (cont.)  

Exercise 
Number 

Aircraft 
Callsign 

Aircraft 
Number 

TMA Entry 
Point 

Aircraft 
TMA Entry 

Time 

Entry 
FL 

Reference 
AFC (kg) 

Reference 
AFT (sec) 

EXE006 THY3KW 1 COLAS 06:50 220 106.06 666.57 
 DLH299 2 RASVO 07:45 220 137.62 715.78 
 IBE813 3 KERAX 08:15 220 204.54 820.13 
 CLX173 4 XINLA 08:30 220 106.06 666.57 
 SXS968 5 COLAS 08:30 220 106.06 666.57 
 DLH3TM 6 SIRPO 08:45 220 171.08 767.95 
 KLM1443 7 COLAS 10:20 220 106.06 666.57 
        

EXE007 THY789 1 KERAX 05:40 220 204.54 820.13 
 SXS936 2 XINLA 05:40 220 106.06 666.57 
 CLX717 3 SIRPO 06:50 220 171.08 767.95 
 CTN007 4 OLALI 07:10 220 304.93 976.65 
 DLH246 5 KERAX 07:25 220 204.54 820.13 
 THY399 6 RASVO 07:45 220 137.62 715.78 
 CTN1311 7 COLAS 08:20 220 106.06 666.57 
 KLM2001 8 KERAX 09:10 220 204.54 820.13 
        

EXE008 DLH424 1 XINLA 05:45 220 106.06 666.57 
 CTN459 2 SIRPO 05:45 220 171.08 767.95 
 THY998 3 OLALI 06:15 220 304.93 976.65 
 CLX133 4 COLAS 07:20 220 106.06 666.57 
 KLM1114 5 XINLA 07:30 220 106.06 666.57 
 SXS777 6 OLALI 08:00 220 304.93 976.65 
 THY218 7 SIRPO 08:30 220 171.08 767.95 
 MEA621 8 COLAS 09:00 220 106.06 666.57 
        

EXE009 THY1991 1 RASVO 05:50 220 137.62 715.78 
 KLM1113 2 COLAS 06:20 220 106.06 666.57 
 PGT404 3 KERAX 06:40 220 204.54 820.13 
 AUA423 4 OLALI 07:15 220 304.93 976.65 
 SXS6996 5 RASVO 07:30 220 137.62 715.78 
 CTN591 6 SIRPO 07:45 220 171.08 767.95 
 CLX122 7 COLAS 08:05 220 106.06 666.57 
 CTN462 8 XINLA 08:20 220 106.06 666.57 
 DLH474 9 RASVO 09:15 220 137.62 715.78 
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Reference AFC and ADF Values for the Generic TMA (cont.) 

Exercise 
Number 

Aircraft 
Callsign 

Aircraft 
Number 

TMA Entry 
Point 

Aircraft 
TMA Entry 

Time 

Entry 
FL 

Reference 
AFC (kg) 

Reference 
AFT (sec) 

EXE010 DLH9494 1 RASVO 05:45 220 137.62 715.78 
 RYR669 2 COLAS 06:20 220 106.06 666.57 
 EZY556 3 RASVO 07:30 220 137.62 715.78 
 THY322 4 COLAS 08:00 220 106.06 666.57 
 THY1010 5 OLALI 08:20 220 304.93 976.65 
 KLM1441 6 SIRPO 08:50 220 171.08 767.95 
 CLX621 7 XINLA 09:15 220 106.06 666.57 
 AUA0473 8 OLALI 10:00 220 304.93 976.65 
 MEA536 9 SIRPO 10:30 220 171.08 767.95 
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