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Air traffic flow forecast in the control area based on the four—stage method
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Abstract: In order to solve the problem of the mismatch of traffic flow distribution across airways and the unfair allocation

of airspace resources resulting from independent air traffic flow forecasts conducted by individual air traffic con-
trol bureaus, this study proposes a forecasting method based on the four—stage prediction theory for estimating
both overall air traffic flow in the control area and the traffic flow distribution across its internal airways. The
grey prediction model was employed to forecast the number of flights from source airports within the control area.
A double—constrained gravity model was established to estimate the distributed air traffic flow between origin—
destination (OD) pairs associated with these airports. The multinomial Logit model was then applied to predict
the traffic flow distribution across airways between the OD pairs, and the forecasted air traffic flow for the control
area was obtained by aggregating these distributed flows. The method was validated using the Xi"an Regional
Control Area as a case study. The results show that this method can effectively realize the air traffic flow forecast
within the control area while ensuring consistency in the traffic flow distribution across airways. It can serve as a
reference for the unified forecast of both traffic flow distribution across airways and control area air traffic flow at

the national level.

Key words: air traffic management; air traffic flow forecast; four—stage method; control area; airway

A DX AT I 7 B XML A
G 2 P L) 0 T R R SRR A
R BN, 2 A A T O R 2 B A7 A
oy A B TR B R SR, M T ST
THAKTRIETRCR.

PR A8 X AT O v A I P
1 500 W 2 TR 2 T B 4 B
Weinreich 2] 7511 5 22 W24 0 T2 80

A U T 5 X F AT T fes s ek AU K
5 AT IR A TN 5 1 N 5 E 57 SR LR S T
TGS R B 2 5 0 S A o DX Y RAT IR B
HEAT T TN 5 A BH S5 TR P i R U R AR R AT
TR ] 2 51 F , B FH 2 Sl et DX RAT I e T
05 PYARAS ) DX RAT R BT H p T 2 A E
TEBEALA T J7 510 AR YR AE R R R 25 > I )
HP A2 T i T o3 SCRR I RAT IR B D s A

Y %8 B #7:2024-03-12; & @ H #8 :2024-04-30
EEE N 5= (1966—

E£TH . 55 R WWLLmRMIFI H (MJ-2020-S-03)
), 2 HOR 2NN B2 1 B 1m0k 4D Ml K shAs A Rl



32—

O R R A 2 R

2025 4 12

HARZE MR AR 55, DA ] X AT S 37 i A L AT T
G, WA T ALl i i T SO (E R 4R AR T XA
FUL i FLE AT 3t ) 2 () 3 A R, DRI DG EE 15 218
1l DX AT L AT 7 DL

TR 255 RS A DX AT 1 R S DX A AL AU
LA L A TN 5 T - 5K SE LT DU B LIk, A
LY SR G N T 28 I 248 0] 25 SR AT B AT
T, AR 7312 S i T R SR AT B AL
AR AR L 5 7K S AF O T DU B Bk, SR T (A
TUFNRAL LA o B A D P 2 X R AT o, (H R 7% &
P IR A A T

AN M X A8 g A PR (TR AR 25 48 JRy )R H ik
T DX QAT A T A AL N, B A AR
22 AN [V ) X1 T — P o A T A — 2 A L
NPT PE [R]85 25 i IX 2 A Jep i T 25 B8 ) Y M) i, i
JCAS I A ) DX RAT Y R sl R N o DAk Sy il
18 2 T S i e A AN G B, s S DR R 4 R A
B, DTS A [ 2 BB IR BC TR 2 M - B GR

BT _LAR ALRE , AR SCAE 4 U B Bk T B e 5
BN TR A AT A SR AR X /AT
TR TN 053, D e R A A X R AT R AR
Gi—Hie st =% .

1 EHXITRE TN MM %

R A ) DA BRI AL A B Dy b i i AR AR, 48
2[E 43 AN E OD(origin—destination )/NX . OD 7/NX.
— AL TR, BT OD /NI T I B Bk 1
T PO [ R TR S A 1R

B 1P B X 2y R X ik 1 480
J& T[] DX 23 45 Jmy A R X 1.2 3 27k A [
Dy g ST T A5 A8 X AT A, SET AR B AL 1
1 AT AN — B AR TANVEEL Y o PRI, A SR H
PURBeik , B SR HARE I X T OD /NX )53, %FOD
INX AL AR AR R A AT 0, AR L
AT HERFE AR R B0 OD /N X 2Z [8] 1) %A 7 i 43 A1, i
J5EHEATOD /N Z TR TR it et 701 ) F00 Y, R AT I
AP RE AR B XA T A T 45 AL . BAK
TR T

(1) OD /XI55

(2) "RAT VL A I, SR FH B €8 F5 000 A5 28 i)
0D /NX &AL AT B B 2RI 5

(3) "RATIAEL AT T, AR 45 OD /INX [H] Y& AT RH
PURER , HET L A 5 OD /N X Z [A] Y &

T oA

(4) FULER L 73 A1 A0S ) DX RAT AL 00, 4%
OD /X Z 8] AR I A1 1 B , 38 I Z2 T Logit #47Y ,
B E AR i 0 A1, B TR I B A T 45 2148 1 IX
AT B T2,

Bl

1 FNREFETEE

Fig.1 Schematic diagram of the forecasting principle
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Fig.2 Sector structure, airway structure and airport distribution in the Xi’an Regional Control Area
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Tab.2 Aircraft movements at each airport from 2012 to 2019 (controlled by the Xi’an Regional Control Area) ik
S
Wz 2012 4 2013 42 2014 4F 2015 4 2016 4F- 2017 4 2018 4 2019 4f
ZBTJ 18 562 22 339 25 406 27 876 31 896 37 610 39 790 37 230
7Z1LXY 205 451 227 173 247 203 268 440 292 484 320 556 332 132 347 480
ZUUU 66 146 68 292 73 614 80 044 87 060 91 878 95 985 100 010
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7GGG 20 803 21978 22 970 22 829 24 253 25 928 26 601 27 375
ZLLL 36 865 44 259 49 114 57 961 77 832 88 597 93 904 101 835
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Tab.3 Forecasted aircraft movements at each airport from 2020 to 2027 (controlled by the Xi’an Regional Control Area) Bk
<
Bl 2020 4F: 2021 4F 2022 4F 2023 4F 2024 4F 2025 4 2026 4F: 2027 4F
7ZBTJ 45783 50 511 55 727 61 482 67 831 74 836 82 564 91 091
ZLXY 385273 414 863 446 725 481 034 517 978 557 760 600 597 646 723
ZUUU 108 642 115 644 123 098 131 031 139 476 148 465 158 034 168 219
ZWWW 106 857 112 702 118 868 125 371 132 229 139 463 147 092 155 139
7GGG 28 635 29 784 30978 32 221 33513 34 857 36 255 37 709
ZLLL 114 714 123 871 135 970 141 463 150 872 164 799 173 937 189 089
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Tab.4 Actual distribution of air traffic flow between OD pairs in 2019 g
0D /MK Kt (LR B LA 2 PRI R Ki KI5 IR
Kt — 3 650 — 897 1 460 — — — 18 594
LR 3 650 — 6 005 5 800 730 1 460 2190 — 174 105
B — 5 840 — 1 801 2190 — — — 12 680
LA 1 095 6 698 1520 — 5410 685 — 738 48 900
22 1 460 730 2 190 5 698 — 365 — 365 51 100
I A — 1 460 — 762 365 — — — 7 300
Kk — 2190 — — — — — — 4015
K — 365 — 856 365 — — 9 890
TEHLALK 18 636 173 375 13 140 48 920 50 735 6 570 3 850 10 950 606 647
£5 2019 £ OD /MNX Z AR KITRTE]

Tab.5 Flight time between OD pairs in 2019 b
0D /X KH (RS il L AT 2 PRI Kitk PN/
PN — 2.0 — 4.5 25 — — —
[ 1.8 — 2.5 3.4 1.3 1.8 2.3 —
Bt — 2.4 — 5.5 3.0 — — —
L8RS 3.8 3.3 49 — 3.0 34 — 3.6
BTl 22 1.2 2.8 2.4 — 1.6 — 1.6
PRI R — 1.6 — 35 1.7 — — —
Kit — 2.6 — — — — — —
KIJE — 1.1 — 42 1.6 — — —

* 6 2019 £ OD /N Z B XITREH TN
Tab.6 Forecast of distribution of air traffic flow between OD pairs in 2019 vk
oD /hX Kt (1§23 B LB ARSE =2l WP Kit K5 A TRAK
PN:H — 3458 — 897 1570 — — — 18 498
LIRS 3532 — 6 169 5 804 730 1 649 2 468 — 173 155
el — 5 840 — 1 801 1 849 — — — 11 680
L& ARSE 1094 6 107 1520 — 5709 695 — 730 48 351
= 1568 775 1996 5792 — 361 — 365 51 024
I A A — 1 506 — 792 400 — — — 7 300
Ki — 2 290 — — — — — — 4015
KR — 365 — 809 352 — — — 9 490
5 ALK 18 738 172 425 13 140 48 976 50 210 6 890 3 876 10 235 610 045
£7 2027 £ OD /MR ZEITHRES FHHM
Tab.7 Forecast of distribution of air traffic flow between OD pairs in 2027 ik

/MK Kt IR B B AR 2 P A Kit KA AR
KH: — 4015 — 1825 1825 — — — 45 570
LIRS 4980 — 10 950 7 665 2 190 2825 4 745 — 334 678
el — 8 030 — 4 460 2920 — — 21 600
LR 3095 11 680 2555 — 7 665 1967 — 1095 77 564
= 3285 2073 3 650 9125 — 1395 — 1 460 93 997
LRSIVt S — 2190 — 1 645 730 — — — 10 950
Kit — 3 090 — — — — — — 6 445
K — 896 — 1 095 730 — — 15910
TE UK 45 521 312 045 21 535 77 575 95 092 10 585 6570 16 060 1 153 405
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Tab.8 Forecast results of air traffic flow for Urumqi-Xi’an in 2027
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wgn U g SR (L
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Tab.9 Forecast results of traffic flow distribution across airways

in 2027
LN
ey NGRS
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ZWWW-ZLLL-01 1918
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SSan 2 306 810
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