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Abstract: To effectively estimate airport terminal area capacity and assess the maximum throughput 1

the sector can achieve when the capacity is given, this research proposes an approach to assess the 2

terminal area capacity from the viewpoint of service provision resources. Terminal area capacity 3

is optimized based on the equilibrium of air traffic service resource supply and demand. The 4

supply-demand nexus is examined in consideration of terminal area route structure, traffic flow 5

characteristics, and safety regulations. A flight service probability matrix and a terminal area 6

demand and supply service time model are constructed to quantify resource expenditure at varied 7

capacity levels. A optimization model is then developed to apportion maximal capacity under 8

resource limitations. Model computation and computation results demonstrate the deviation between 9

estimated and amended capacities is under 0.3 flight sorties per hour. The outcomes are congruent 10

with historical statistics, thereby validating the accuracy and reliability of the model proposed in 11

this study. Given capacity parameters, the model can deduce the maximal aircraft quantity served 12

concurrently in terminal areas during peak periods. These revelations indicate the submitted model 13

furnishes theoretical foundation and reference for terminal area sector partition and traffic alerting. 14

Keywords: Airport capacity management; Service resource allocation; Monte Carlo simulation: 15

Mathematical modeling 16

1. Introduction 17

Air traffic flow management serves as a prerequisite for reducing flight delays [1], 18

ensuring air traffic safety, and alleviating the workload of air traffic controllers [2,3] .When 19

implementing air traffic flow management, an accurate and effective assessment of the 20

terminal area is its primary task and a prerequisite. Therefore, research on terminal area 21

capacity assessment algorithms is crucial for ensuring the safe, smooth, and efficient 22

operation and management of airports and airspace. In the current state of research, 23

terminal area capacity algorithms can be primarily classified into three distinct approaches: 24

Constructing and computing mathematical models, rapid computer simulation modeling, 25

and analyzing air traffic controller workload. Mitchell J et al. proposed an airspace 26

route maximum capacity model through analyzing the geometry of airspace sectors and 27

employing a stochastic weather model. They applied the maximum-flow and minimum- 28

cut method to investigate this model [4]. Janic M et al. performed an airspace capacity 29

assessment based on air traffic controller workloads. They investigated the influence of 30

these workloads on airspace capacity from three aspects: control procedures, separation 31

standards, and service policies [5]. After restructuring the route network, Kageyama K et al. 32

employed computer simulation methods to model an air traffic controller workload-based 33

airspace capacity assessment model [6]. 34

In comparison, research specifically addressing airspace capacity assessment for termi- 35

nal control areas in China is still scarce. Dong Xiangning et al. analyzed various approaches 36

for evaluating air traffic controller workload. By optimizing the controller workload-based 37

airspace capacity assessment model, they developed a new terminal area airspace capacity 38
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assessment model [7]. Taking into full account the dynamic factors of hazardous weather, 39

Yang Shangwen et al. developed strategies for scheduling arriving and departing flights 40

as well as planning hazardous weather avoidance routes. Using computer simulation 41

techniques, they predicted dynamic airspace capacity thresholds [8]. Shen Linan et al. 42

incorporated delay levels as an impact factor in terminal area airspace capacity assess- 43

ment. They established a mathematical model quantifying the relationship between flight 44

delays and aircraft count [9]. Huang Haiqing et al. analyzed and compared terminal 45

area airspace capacity thresholds under military operations. They employed the maxi- 46

mum flow/minimum cut theory and an improved genetic algorithm [10]. Peng Ying et 47

al. proposed a multi-input deep learning model for terminal area traffic prediction by 48

incorporating weather factors. They integrated deep learning techniques with the con- 49

sideration of meteorological characteristics [11]. Mao Limin et al. developed a random 50

forest-based prediction model for terminal airspace operations. Their model took into 51

account the impact of convective weather systems [12]. 52

Traditional mathematical models for terminal area airspace capacity assessment are 53

built upon one or more impact factors, which are treated as constraints to set corresponding 54

objective functions for capacity calculation [13–15]. Different models consider different 55

factors, leading to significant variability among them. While improving capacity estimation 56

accuracy for specific scenarios to some extent, these models also increase the complexity of 57

capacity assessment operations. Regarding model variables, most current models primarily 58

employ stochastic factors like weather as constraint variables, with little consideration 59

given to the balance between service resource supply and demand. The influence of service 60

resources on capacity is overlooked. 61

Therefore, this paper proposes to analyze the operational environment of the airport 62

terminal area as well as the characteristics of air traffic flows, considering the demand and 63

supply relationship of air traffic service resources, a mathematical model for forecasting 64

the capacity of the airport terminal area based on the equilibrium of service resource 65

supply and demand has been established. Taking the terminal area of Hulunbuir Hailar 66

Airport (ICAO: ZBLA) as an example, the capacity of the terminal area of this airport 67

is computed according to statistics such as distribution of arriving and departing traffic 68

flows and aircraft type proportion. Simultaneously, the effectiveness and reliability of the 69

mathematical model are further verified based on Monte Carlo simulation. 70

2. Capacity and Service Resource Analysis of Terminal Areas 71

The airport terminal area, as the transition airspace for aircraft moving from the air 72

route into airport arrival and departure, enables the connection between the two ends of air 73

routes and airports, its capacity refers to the maximum number of aircraft that the airspace 74

can safely and orderly serve within a unit time, under certain airspace structures, flight 75

procedures, control regulations and safety standards, considering the influence of variable 76

factors such as aircraft performance, human factors and meteorological conditions[1].The 77

prerequisite for achieving the maximum capacity of terminal area is the prompt departure 78

of the aircraft entering the terminal area after being serviced, thereby releasing the service 79

resources of the area. Within the terminal area, demand refers to aircraft requiring control 80

services, and supply refers to air route resources and control officer service resources. The 81

process of aircraft entering the terminal area is depicted as the procedural flowchart shown 82

in Figure 1. 83

The terminal area airspace includes airspace of approach control areas and aerodrome 84

control zones, as illustrated in Figure 1. The airspace is divided by two control boundaries. 85

The control boundary is a nonexistent spatial demarcation, indicating the control handover 86

position where the airspace resources in current zone start/end to be occupied. When an 87

aircraft enters the control zone, it means the aircraft begins to occupy part of the airspace 88

resources of the area. Once the aircraft leaves the control zone, the resources occupied by 89

the aircraft will be released immediately. Therefore, the two imaginary boundaries consti- 90

tute the control transfer boundaries. During the flight process, the resource consumption 91
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1.png

Figure 1. Schematic diagram of the air traffic service process in the terminal area

includes not only the occupation of fixed resources such as air routes, but also the occu- 92

pation of control service resources. Aircraft entering the terminal generates the demand 93

for control services. While controllers provide services, they are under physical pressures 94

and psychological stresses[16,17]. The physical operational pressure can be converted into 95

time to relieve their own pressure and the demands of control tasks. The psychological 96

stress determines the number of aircraft that controllers can safely handle under busy 97

conditions, which remains unchanged within a certain period of time. The level depends 98

mainly on the workload that controllers can bear and the number of aircraft in the terminal 99

area. According to the Civil Aviation Air Traffic Management Rules (CCAR-93TM-R5), the 100

number of aircraft receiving air traffic control services in a sector simultaneously shall not 101

exceed the number that can be safely handled during peak times. Therefore, the higher 102

the comprehensive abilities of controllers, the more aircraft sorties can be served under 103

busy conditions, the greater the capacity of air traffic flow, and the higher the upper limit 104

of terminal area capacity. 105

3. Mathematical Modeling 106

3.1. Model Assumptions 107

This study focuses on the capacity of arrival and departure in the terminal area of 108

a single airport. There are many limiting factors that affect the capacity of the terminal 109

area [1], and different definitions of terminal area capacity exist based on different limiting 110

factors. According to the mathematical model developed in this study, the terminal area 111

capacity is defined as follows: The maximum number of aircraft the terminal area can serve 112

per unit time at an acceptable level of air traffic control service provision, balancing the 113

supply and demand of service resources. Previous studies[10–12] have included some of 114

the influencing factors as constraints. The construction of a mathematical model makes the 115

computational model more relevant to the actual operating scenario. However, various 116

influencing factors are potential risks in operation, and their occurrence probabilities are 117

random. The complexity of the terminal area structure also limits the accuracy of the model 118

results. This study simplifies the limiting factors and operational methods, introduces 119

the supply and demand relationship of terminal area service resources, and establishes a 120

mathematical model for terminal area capacity computation under the balance of service 121

resource supply. To establish this model, the following assumptions have been made: 122

1. Any two arriving or departing aircraft are equipped with a minimum flight separation 123

greater than that used in the control area where they are located. 124
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2. In the terminal area, if the service for an aircraft has already started and has not yet 125

finished, the service for another aircraft cannot begin. 126

3. Aircraft service requests in the terminal area are continuous, and the number of 127

aircraft being served in the terminal area does not exceed the safe handling capacity. 128

4. Each aircraft flies according to its planned route and will not deviate from or change 129

the planned route. 130

5. Each aircraft of the same type experiences the same flight time on the same air route. 131

3.2. Model Formulation 132

This model considers the supply-demand relationship among terminal area service 133

resources. By analyzing the traffic flow characteristics of the terminal area, the terminal 134

area capacity is finally obtained. It is assumed that the terminal area capacity of the airport 135

is Capacity, and each airway and air route in this area is connected to airways and air 136

traffic control transfer points. Each air route within the area, is connected to airways and 137

air traffic control transfer points. There are i air routes within the terminal area, denoted 138

as Ri. tIN
j and tOUT

j represent the times at which approaching/departing aircraft f j enters 139

the terminal area and leaves the terminal area, respectively. The terminal area service 140

procedure for aircraft f j is as follows: At time tIN
j , aircraft f j crosses the control transfer 141

point to enter the control area from outside the terminal area. From time tIN
j , it starts to 142

occupy part of the service resources and flies along the planned route Ri. At time tOUT
j , it 143

crosses another control transfer point to leave the control area. At this moment, the service 144

resources occupied by tj are released. To differentiate different scenarios of service resource 145

supply and demand, three mathematical models—demand model, supply model, and 146

capacity solving model—are established respectively. The primary subject of the demand 147

model is aircrafts entering the terminal area for service. 148

3.2.1. Demand Model 149

The approach/departure option model and terminal area route utilization, accumu- 150

lated from aircraft operations are as follows: 151

A : D =
∑ f ARR

j

∑ f DEP
j

(1)

a1 + a2 + · · ·+ an = ∑ an = 1, (n < i) (2)

d1 + d2 + · · ·+ di−n = ∑ dn = 1, (n < i) (3)

Among equations (1)-(3) , A represents the proportion of arriving aircraft f ARR in the 152

total traffic flow, and D represents the proportion of departing aircraft f DEP in the total 153

traffic flow. an indicates the utilization rate of the nth arriving air route, and di−n indicates 154

the utilization rate of the i − nth departing air route; where among the i air routes in the 155

terminal area, there are n arriving air routes and i − n departing air routes. The arriving 156

and departing air routes are numbered sequentially in order. 157

All the aircrafts f j under services are categorized into k types, then correspond to the 158

following equation for the proportion Ii,k of each type of aircraft in different air routes : 159

Ii,1 + Ii,2 + · · ·+ Ii,k = ∑ dn = 1, (n < i) (4)
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In Equation (4), Ii,k represents the proportion of the kth type of aircraft in the total 160

aircraft sorties operated on the ith terminal area air route. Through the above computations, 161

the flight mission service probability matrix Pik is obtained. 162

Pik =











R1

R2
...

Ri











·











I1,1 I1,2 · · · I1,k

I2,1 I2,2 · · · I2,k
...

...
. . .

...
Ii,1 Ii,2 · · · Ii,k











(5)

Pik =











P1,1 P1,2 · · · P1,k

P2,1 P2,2 · · · P2,k
...

...
. . .

...
Pi,1 Pi,2 · · · Pi,k











(6)

In equation (5), the column vector Ri represents the list of probabilities of an aircraft 163

selecting the ith service route in the terminal area. In Equation (6), the matrix Pik stores the 164

proportions of the kth type of aircraft operated on the ith air route in the total aircraft sorties 165

in the terminal area system. 166

Tk
i =

∑(tOUT
f k
i

− tIN
f k
i

)

∑ f k
j

(7)

In Equation (7), when the aircraft f j passes through the terminal area, it will generate 167

two time points: the entry time tIN
j and the exit time tOUT

j . Based on these two time points, 168

the expected flight time Tk
i of each type of aircraft f j on different air route i can be computed 169

statistically: 170

f k
i represents an aircraft operated on air route i and belongs to aircraft type k. The 171

time at which the aircraft enters the terminal airspace is denoted by tIN
f k
i

, and the time at 172

which it exits the terminal airspace is denoted by tOUT
f k
i

. 173

Equation (8) is the mathematical model for the expected demand service time E(Tk
i ) 174

in the terminal area. 175

E(Tk
i ) = ∑ pikTk

i (8)

3.2.2. Demand Model 176

To describe the supply-demand relationship of service resources in the terminal area, 177

the supply model is established. Equation (9) obtains the expected maximum supply 178

service time Tser: 179

Tser = SmaxTcal (9)

The parameter Smax indicates the maximum aircraft handling capacity of an air traffic 180

controller under peak circumstances. Tcal refers to the length of time required for capacity 181

calculation (typically 60 minutes). 182

3.2.3. Demand Model 183

The prerequisite for calculating terminal capacity is the balance between service supply 184

and demand, which means that the maximum available service time should be greater than 185

or equal to the estimated service time required. From the view of quantity, this translates to 186

ensuring that the number of aircraft receiving services in the terminal area at any given 187

time does not exceed the number that air traffic controllers can safely handle during peak 188

periods. Equation (10) represents the capacity calculation model: 189

Tser ≥ E(Tk
i )Capacity (10)
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Considering that air traffic control services cannot remain in a state of peak period indefi- 190

nitely, it is necessary to add an utilization coefficient u to constrain it. Therefore, based on 191

service supply and demand balance, the terminal area capacity mathematical model is as 192

shown in equation (11): 193

Tser = E(Tk
i )Capacity (11)

As the utilization coefficient, u represents the probability that the number of aircrafts 194

simultaneously receiving services in the terminal area within a unit of time does not exceed 195

the number that can be safely handled under peak period conditions. When u is 1, the 196

calculated capacity is the ultimate capacity. When u takes a value in [0,1), the calculated 197

capacity is the operational capacity. 198

4. Empirical Analysis of the Proposed Model 199

4.1. Model Implementation Using ZBLA Airport Data 200

The terminal area of Hulunbuir Hailar Airport (ICAO: ZBLA) was selected as the 201

subject for capacity calculation analysis. As shown in Figure 2, during the chosen time 202

period, the terminal area employed procedural control and associated approach operation 203

modes. A total of six arrival and departure routes are present in the area, consisting of 204

three Standard Instrument Arrival (STAR) routes and three Standard Instrument Departure 205

(SID) routes. 206

2.png

Figure 2. Schematic diagram of the terminal area structure at Hulunbuir Hailar Airport (ZBLA).

Based on the analysis of on-site collected data, aircraft types within the terminal 207

area were categorized into three classes. The airport’s takeoff-to-landing ratio is 6:4. The 208

approach and departure procedures KAGAK, TEPOD, and ELPUN are utilized in a propor- 209

tion of 3:17:80. The distribution of aircraft types under different approach and departure 210

procedures is presented in Table 1. 211

• Under normal conditions, air traffic controllers at the terminal area of Hulunbuir
Hailar Airport (ZBLA) can safely handle up to four aircraft at peak workload periods.
Therefore, the supply model parameter Smax is set to 4, and the calculation time Tcal is
1 hour.The continuous working time Tser is calculated as:

Tser = smaxTcal

= 4 × 60

= 240min
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Table 1. Distribution of aircraft types under different approach and departure procedures and

corresponding flight times at Hulunbuir Hailar Airport (ZBLA).

Flight mission Procedure Aircraft Type Proportion (%) Mean time (min)

Departure

KAGAK
A320, B738 53% 6.5
E190, CRJ, RRJ 30% 8
ATR, Y12 17% 7

ELPUN
A320, B738 85% 11.2
E190, CRJ, RRJ 15% 14.4
ATR, Y12 0% 20.2

TEPOD
A320, B738 84% 9
E190, CRJ, RRJ 16% 11.5
ATR, Y12 0% 16.2

Approach

KAGAK
A320, B738 53% 12.3
E190, CRJ, RRJ 30% 15.8
ATR, Y12 17% 22.2

ELPUN
A320, B738 85% 7.8
E190, CRJ, RRJ 15% 10.1
ATR, Y12 0% 14.2

TEPOD
A320, B738 84% 6
E190, CRJ, RRJ 16% 7.7
ATR, Y12 0% 10.8

• Considering that the average workload of air traffic controllers in China should not 212

exceed 70% of the maximum workload threshold, the utilization coefficient u is set to 213

0.7 for this calculation. 214

• When the utilization coefficient is unconstrained, the mathematical model can be
expressed as:

uTser = E(Tk
i )Capacity

= (0.408 × 11.2 + 0.072 × 14.4 + 0.086 × 9 + 0.016 × 11.5 + 0.010 × 6.5

+ 0.005 × 8 + 0.003 × 7 + 0.272 × 7.8 + 0.048 × 10.1 + 0.057 × 6 + 0.011 × 7.7

+ 0.006 × 12.3 + 0.004 × 15.8 + 0.002 × 22.2)Capacity

= 9.905 × Capacity

• When the utilization coefficient u assumes different values between 0.1 and 1, the 215

workload and estimated terminal airspace capacity results vary accordingly. A higher 216

u indicates a greater workload for air traffic controllers,thus,as shown in Figure 3, 217

the capacity increases as u increases. In this study, a utilization coefficient of 0.7 218

is selected to represent a busy workload scenario for terminal airspace controllers 219

at Hulunbuir Hailar Airport (ZBLA). Consequently, the calculated recommended 220

operational capacity is 17 aircraft movements per hour. 221

4.2. Model Validation by Monte Carlo Simulation 222

To verify the accuracy of the computation results obtained from the model , this 223

study employs the Monte Carlo method [18] to develop and implement a numerical 224

simulation program, which is subsequently used to assess the capacity of the terminal area 225

at Hulunbuir Hailar Airport (ZBLA). The simulation process involves generating a random 226

aircraft flow, which constitutes a critical step [19].The Monte Carlo method simulates the 227

process of random aircraft flow generation in the terminal area by conducting multiple 228

simulation runs. This proposed approach helps to ensure that the generated random 229

aircraft flow aligns with actual operating conditions. It also maintains randomness for each 230
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3.png

Figure 3. Line chart of the capacity computation results for the terminal area at ZBLA airport.

simulation run. The detailed simulation procedure for aircraft flow generation is illustrated 231

in Figure 4. 232

To eliminate the influence of the stochastic elements in generated aircraft flows with the 233

simulation model, an averaging process has been utilized to satisfy the actual operational 234

conditions. Derived from the random aircraft flow generation methodology, a statistical 235

summarization of airspace and resources occupancy time was achieved in accordance with 236

aircraft and airspace scenario calculation results. Each cycle corresponds to an averaging of 237

the calculation results to minimize the impacts of random factors. The detailed simulation 238

workflow is illustrated in Figure 5. 239

The detailed simulation procedure is illustrated below: 240

1. Random aircraft generation within the terminal area In the simulation, each aircraft 241

needs to be randomly generated to operate in the airspace based on the take-off 242

and landing ratios, the percentages of approach and departure procedures, and the 243

percentages of aircraft types for different approach and departure procedures. The 244

flight distance and speed are determined based on the selected approach, departure 245

procedure, and aircraft type, resulting in the flight time for that aircraft. In each cycle, 246

n aircrafts are first generated to meet the condition that no more than n aircrafts are 247

under ATC control at the same time, which means n aircraft sorties in the terminal 248

area are maintained as the limit case. 249

2. Confirmation upon aircraft’s proceeding out of the terminal Area As the simulation 250

progresses, aircrafts fly along the selected approach and departure procedures until 251

one of the aircrafts reaches the endpoint. The timing starts from aircraft’s proceeding 252

out of the first aircraft until the cumulative time reaches 1 hour. The endpoints in this 253

simulation are the points where arriving aircraft hand over control to the tower (for 254

landing aircraft) or the approach control (for departing aircraft). In this simulation, 255

the endpoints are: the transfer points where aircrafts in the approach control zone 256

transfer control to the control zone (for landing aircrafts) or the Area Control Center 257

(for departing aircraft). 258

3. Defining the Iteration Rules When an aircraft proceeds out of the endpoint, an aircraft 259

is generated randomly in the scenario. This constantly maintains n aircrafts being 260

operated within the terminal control area. Steps 2 and 3 are repeated until the cumu- 261

lative time reaches 1 hour. After counting the total number of aircrafts present in this 262

iteration, aircraft generation was ceased for this iteration. 263

4. Defining the Integrated Iteration Rules Repeat Steps 1 through 3 until reaching the 264

preset number of iterations. Take the arithmetic mean of the results as the numerical 265
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4.png

Figure 4. Flowchart of the random aircraft flow generation procedure.

simulation capacity of the terminal area. The total number of iterations k is set 266

to 1000. The approach and departure traffic distribution data, terminal area route 267

selection ratios, and flight durations used in this simulation are the same as those in 268

the previous model. The arithmetic mean of the results from these 1000 computational 269

loops is used to determine the limit capacity of the terminal area. The final results are 270

presented in Figure 6. 271

The data in Figures 6 and 7 shows that the solutions of each computational iteration 272

oscillate around the midpoint between 23 and 24, which demonstrates that within a fixed 273

unit of time, factors including flight scheduling and types of aircrafts exert certain effects 274

on the capacity. During the computation, the maximum throughput was 29 flight sorties 275

per hour, whereas the minimum was 20 flight sorties per hour. Given the stochastic nature 276

of each iteration, the arithmetic mean of results from all loops should be adopted as the 277

simulated maximum capacity. 278

4.3. Quantitative Assessment and Extrapolation 279

After the assessment of the capacity of terminal area of Hailar Airport (ZBLA) with 280

two methods in the paper and simulations on an ATC simulator, the results from the two 281

methods and the simulator experiments were similar under the current operating mode, 282

with the (terminal area) operating capacity being 17 flight sorties per hour. As shown 283

in Table 2, the difference in maximum capacity was 0.291 flight sorties per hour, and the 284

difference in operating capacity was 0.203 flight sorties per hour. In conventional capacity 285

assessments, values after the decimal point are usually rounded to the nearest integer. 286
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5.png

Figure 5. Flow chart of Capacity Assessment for Numerical Simulation.

Since the differences under the two methods were both less than 0.3, the results from the 287

mathematical models can be validated to a certain extent. 288

The majority of contemporary studies on airport traffic management regard capacity 289

as an invariant parameter [19,20]. In actuality, airport capacity is subject to variations 290

contingent upon shifts in operating conditions. In actuality, airport capacity is subject 291

to variations contingent upon shifts in operating conditions. Such an alerting approach 292

necessitates substantial data aggregation and computation to derive relatively precise 293

outcomes [21], which impedes the timely alerting. Disparities in time frames and flight 294

flow characteristics engender deviations in both controller workload and the maximum 295

number of aircrafts that can be safely handled. The fluctuating nature of air traffic also 296

renders the maximum number of aircrafts that can be securely serviced by controllers 297

under a safe workload constantly mutable. Therefore, in order to incorporate the workload 298

component into air traffic alerting operations, the computational model established in this 299

study was enhanced. Given determinate controller workload, terminal area configuration 300

and flight flow characteristics within a particular temporal scope, the maximum number of 301
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6.png

Figure 6. Computational Iteration Results versus Iteration Number based on the Monte Carlo

Method.

7.png

Figure 7. Histogram of simulation results.

aircraft that can be safely handled at peak periods is deduced. Taking the aforementioned 302

airport terminal airspace as an example, the correlation between the maximum number of 303

aircraft safely serviced and capacity during intervals of maximum controller workload is 304

as follows: 305

Smax =
E(Tk

i )

uTcal
Capacity (12)

With the current capacity of 19 aircraft sorties per hour at the peak hours of the terminal 306

area, the relationship between the maximum number of aircrafts safely handled and the 307

area capacity was obtained by gradually adjusting the utilization coefficient and reducing 308

the capacity at peak hours. As shown in Figure 8, the maximum number of aircrafts safely 309

handled shows a decreasing trend with the decrease of terminal area capacity. This indicates 310

that the bottleneck has shifted to the service ability of air traffic controllers as the traffic 311

flow of the terminal area decreases.As mentioned above , under variant flow scenarios, 312

it is viable to formulate an efficacious shift scheduling scheme for air traffic controllers 313

. Furthermore, in view of serviceabilities of the terminal area, it is promising to devise 314

terminal zone flow regulation strategies and tactics for discrete operational conditions. 315
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Table 2. Results of Capacity Assessment

Assessment models Ultimate capacity(fph) Corrected capacity(fph)

Mathematical modeling 24.230 16.961
Numerical simulation 23.939 16.757
ATC simulator experiment - 17

8.png

Figure 8. The Relationship between Maximum Number of Aircraft that can be Safely Handled and

Airport Terminal Capacity.

5. Conclusion 316

Terminal area capacity computation constitutes one of the focal points in the prelim- 317

inary phases of air traffic management and airport development planning. In order to 318

determine the capacity of the terminal area, this study divides the service resources of 319

the terminal area into supply resources and demand resources based on the relevant data. 320

Through mathematical modeling, this study develops an optimized model to obtain the 321

terminal area capacity based on the dynamic equilibrium between supply resources and 322

demand resources. Through empirical studies, this model demonstrates solid applicability 323

in estimating the capacity of airport terminal areas. Compared with other mathematical 324

approaches, this model demonstrates broader applicability in statistical analysis of funda- 325

mental data and simulation of operational procedures for terminal areas. In summary, the 326

key conclusions drawn from this study are as follows: 327

1. This study validates the computed results by using a Monte Carlo-based numerical 328

simulation method, which demonstrates a close similarity between the simulated and 329

actual results. This confirms the reliability of the capacity computations obtained 330

through the proposed model. The findings indicate that the model can accurately and 331

reasonably estimate the terminal area’s capacity, providing theoretical support for 332

traffic management methods at airports and terminal areas. 333

2. By incorporating service resources and traffic alert operations, and examining the 334

relationship between the maximum safe number of aircraft handled during peak 335

periods and the capacity, this study broadens the utility of the mathematical model. It 336

enables the prediction of the maximum safe number of aircrafts that controllers can 337

handle during peak periods based on the determined terminal area capacity, offering 338

guidance for shift scheduling of air traffic controllers and traffic flow management at 339

Air Traffic Control (ATC) facilities. 340
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3. Due to the lack of integration of influential factors such as meteorological elements, 341

the proposed model requires further refinement to achieve higher fidelity to authentic 342

operational circumstances. 343

6. Patents 344

A patent related to the work reported in this manuscript has been filed and granted in 345

Mainland China. The patent, held by the Civil Aviation Flight University of China, was 346

granted on April 21, 2023. [22] 347
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