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=FOREWORD

This paper describes a project that is part of SESAR
Workpackage E, which is addressing long-term and
Innovative research. The project was started on May 2011
so this description is limited to an outline of the project

objectives augmented by some early hdings.
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THE ELSA
== bROJECT

ELSA OBJECTIVES

TOOLS

DATA

RESUVYS

ELSA Objective

Analyse, describe and model the dynamics of the ATM system
In the current scenario
In the future SESAR scenario(s)

Three main steps:

WP1 - characterisation of statistical regularities in the current
scenario

analysis of ATM data with Complex Systems techniques

WP2 - simulation of the emergent properties of the trajectory-
based SESAR scenario

development of an Agent Based Model

WP3 - inform the design of a tool to monitor, predict and intervene
on the ATM system

design of a prototype of a decision support tool
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omplexity tools: networks

Network - it Is a graph with nodes
connected by links

NETWORKS IN ATM

Transportation Research Part E 46 (2010) 188-210 "

Contents lists available at ScienceDirect

Transportation Research Part E

journal homepage: www.elsevier.com/locate/tre

A comparative study of airport connectivity in China, Europe and US: Which
network provides the best service to passengers?

Stefano Paleari®!, Renato Redondi ™2, Paolo Malighetti **

A of Economics and Technology University of Bergamo, Scientific Director of ICCSAI, Viale G. Marconi, 5, 24044 Daimine (BG), Italy
" Department of Mecharnical Engineering, University of Brescia, ltaly

ARTICLE INFO ABSTRACT

Keywords:

Airport connectivity
Network features
Travel time

This paper investigates the connectivity of the airport networks in China, Europe and US.
Our aim is to analyze which network is most beneficial to final passengers in terms of tra-
vel time and which of the network features lead to such a result. A time-dependent min-
imum path approach is employed to calculate the minimum travel time between each
pair of airports in the three networks, inclusive of flight times and waiting times in inter-
mediate airports. We evaluate each fastest indirect connection in terms of waiting times
and routing factors te consider the effect of the hubs' coordination and locations. The Chi-
nese network provides the quickest travels for passengers, but this performance is
explained by a small number of airports per inhabitant. The US network is the most coor-
dinated when considering indirect connections. The EU network provides the most homo-

geneous level of service when comparing airports of different sizes.
© 2009 Elsevier Lid. All rights reserved.
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Complexity tools:

NETWORKS IN ATM: metrics

The worldwide air transportation network:
Anomalous centrality, community structure,

and cities’ global roles

R. Guimera*, 5. Mossa®, A. Turtschi®, and L. A. N. Amaral*®

*Department of Chemical and Biological Engineering, Northwestern University, Evanston, IL 60208; 'European Synchrotron Radiation Facility, B.P. 220,
F-38043 Grenoble, Cedex, France; and *Avanade Deutschland Gmbh, Campus Kronberg 7, D-61476, Kronberg, Germany

Edited by Kenneth W. Wachter, University of California, Berkeley, CA, and approved April 5, 2005 (received for review October 27, 2004}

We analyze the global structure of the worldwide air transporta-
tion network, a critical infrastructure with an enormous impact on
local, national, and international economies. We find that the
worldwide air transportation network is a scale-free small-world
network. In contrast to the prediction of scale-free network mod-
els, however, we find that the most connected cities are not
necessarily the most central, resulting in anomalous values of the
centrality. We demonstrate that these anomalies arise because of
the multicommunity structure of the network. We identify the
communities in the air transportation network and show that the
community structure cannot be explained solely based on geo-
graphical constraints and that geopolitical considerations have to
be taken into account. We identify each city’s global role based on
its pattern of intercommunity and intracommunity connections,
which enables us to obtain scale-specific representations of the
network.

complex networks | betweenness centrality | critical infrastructures

Much research has been conducted on the definition of models
and algorithms that enable one to solve problems of optimal
network design (9, 10). However, a worldwide, “system” level
analysis of the structure of the air transportation network is still
lacking. However, just as one cannot fully understand the complex
dynamics of ecosystems by looking at simple food chains (11) or the
complex behavior in cells by studying isolated biochemical pathways
(12, 13), one cannot fully understand the dynamics of the air
transportation system without a “holistic” perspective. Modern
“network analysis” (14-18) provides an ideal framework within
which to pursue such a study.

We analyze here the worldwide air transportation network. We
build a network of 3,883 locales, villages, towns, and cities with at
least one airport and establish links between pairs of locales that are
connected by nonstop passenger flights. We find that the worldwide
air transportation network is a small-world network (19) for which
(#) the number of nonstop connections from a given city and (i) the
number of shortest paths going through a given city have distribu-

4irmmn thet nen nacle fenn To aateant t tho aeedictien of aaela Feae
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networks

Degree - number of
destinations that can be
reached from an airport

Betweenness - This a
measure of how central is
an airport in the network.

The real airport
network behaves quite
differently from a
random network
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Fig. 2. Maost-connected versus most-central cities in the worldwide air
transportation network. {a) etweenness as a function of the degree for the
citles in the worldwide air transportation network (clrcles). Far the randem-
ized network, the betweenness is well described as a guadratic function of the
degree (dashed line) with 95% of all data falling Inside the gray region. In
contrast to the strong correlation between degree and betweenness found
for randomized networks, the air transportation network comprises many
citles that are kighly connected but have small betweenness and, conversaly,
many cities with small degree and large betweenness. We define a blue region
coftaining the 25 most central cities in the world and a yellew region con-
taining the 25 most connected cities. Surprisingly, we find there are only a few
citles with large betweenness and degree (green region, which i the inter-
section of the Blue and yellew regions). (b) The 25 most connected cities in the
wanfld. {c) The 25 most central cities in the weorld.
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DDR data: M1/M3 and ALL_FT files

What are the different file types?

DATA: what we received

S06

Stores SAAM 4D trajectories and limited flight information. Contains points coordinates.
M1 means last filled flight plan. M3 means last filled flight plan updated with radar data.

EUROPEAN ORGANISATION Mainly used in SAAM for quenes, analys=s, display, animation ...
FOR THE SAFETY OF AIR
Nms“ The first point of every trajectory is the beginning of the runway.
e gER EXP2
stores fhights information, but no trajectones. Used for SAAM as a traffic demand for the
assipnment.
DDR Reference Manual ALL FI

1.5.8

Stores flight information and trajectories. Used by NEVAC and CFMU simex (at least for
the historie ones). Do not contain point’s coordinates, so to be used in a given environment.

rsion 1.5
Edition Date - 04/05/2010
Status : Baseline ]
Intended for  : Restricted audience
L]

What is the last filled flight plan?

What is the threshold that triggers a correction in the M3 file?
What exactly are the times reported in the M1/M3 files?
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DATA: CLEANING

File

Edit

Gearch  Preferences  Shell  Macro

M1/M3 and ALL_FT files

X| 20100701_m3_2.s06 (modified) - fusr2 /micciche/FILES-ATM/DATI/FLIGHT_2/

File Edit Search Preferences Shell Macro  Mindows

| dusrafmicciche/FILES-ATMIDATIFLIGHT _2/20100701_m3_2 s0b 3842 bytes

LFPG_*5PG LFPG LEMD E120 000600 001410 0 81 0 CALLSIGN 100701 100701 2940 5833 152 8667 2342 3 128 8 137400625 1 15.8746 0
+EPG_OL LFPG LEMD E120 001410 001545 81 140 0 CALLSIGN 100701 100701 2042 3 128.8 2023.8 143 1833 137400625 2 20 7776 0
OL_MONOT LFPGC LEMD E120 001545 N02325 140 190 0 CALLSIGN 100701 100701 2023 8 143 1833 2885 147 4333 137400625 3 38, 9024 0

Windows

X| 20100701_m1_2.s06 (modified) -

fusrfmicciche/FILES-ATMDATIFLIGHT _2/20100701_m1_2. 506 3952 bytes

MONOT_GIPEX LFPG LEMD E120 004215 004705 190 190
GIPEX NEV LFPG LEMD E120 004705 005605 190 190 2
NEV_LEMIN LFPG LEMD E1Z0 005605 010510 190 190 &
LEMIN RISUN LFPG LEMD E120 010510 011000 190 180
RISUN_LARON LFPG LEMD E120 011000 011425 190 1890
LARON_GUERE LFPG LEMD E120 011425 011535 190 180
GUERE_LMG LFPG LEMD E120 011535 012715 150 190 2
LMG_NORON LFPG LEMD E120 012715 013305 190 190 2
NORON_VELIN LFPG LEMD E1Z20 013305 014150 190 180
VELIN_SAU LFPGC LEMD E120 014150 014705 190 190 2
SAU_ENSAC LFPG LEMD E1Z0 014705 015545 190 190 &
ENSAC_RILON LFPG LEMD EL1Z20 015545 020040 190 180
RILON MAGEC LFPG LEMD E120 020040 020350 190 180
MAGEC_ETZ LFPG LEMD E120 020350 020855 1590 190 2
ETZ_URUNA LFPG LEMD E120 020855 021150 150 190 2
URUMA_SSN LFPG LEMD E120 021150 021250 1590 190 2
£SN_DITOP LFPG LEMD E120 021250 021710 190 190 2
LITOP_PPN LFPC LEMD E120 021710 022105 190 190 2
PPN _NOLSA LFPGC LEMD E120 022105 D22EEL 190 190 2
NOLSA ALEPO LFPG LEMD ELZ20 022555 022715 190 190
ALEPO_GARWU LFPG LEMD E120 022715 022955 190 1890
GARVU_HERMI LFPG LEMD E120 022355 024050 190 190
HERMI_EAN LFPG LEMD E120 024050 024315 190 190 2
EAN_PINAR LFPG LEMD E120 024315 024805 1590 189 1
PINAR +7EAN LFPG LEMD E1Z20 024805 025020 189 167

LFPG_*SPG LFPG LEMD E120 002000 002505 0 81 0 CALLSIGN 100701 100701 2940.5833 152
*5PG_OL LFPG LEMD E120 002505 003305 81 171 0 CALLSIGN 100701 100701 2942 3 123.8 2
OL_MONOT LFPG LEMD E120 003305 004215 171 190 0 CALLSIGN 100701 100701 2923 8 1431

2 CALLSIGN 100701 100701 2885 147 .
CALLSIGN 100701 100701 2865 45 157
CALLSIGN 100701 100701 2829,.1833 1
2 CALLSIGN 100701 100701 2791 183.
2 CALLSIGN 100701 100701 2781.9333
2 GALLSIGN 100701 100701 2773.65 1
CALLSIGN 100701 100701 2771.4 125
CALLSIGN 100701 100701 2748 95 &1.!
2 CALLSIGN 100701 100701 27200833
CALLSIGN 100701 100701 2698.8 9.3

CALLSIGN 100701 100701 2680.6167
2 CALLSIGN 100701 100701 2652 -41
2 CALLSIGN 100701 100701 2635.5 -
CALLSIGN 100701 100701 2624.9 -71

MONOT GIPEX LFPG LEMD E120 002325 002755 190 204
GIPEX KUSEK LFPG LEMD E1Z20 002755 002855 204 211
KUSEE_|00ZE LFPG LEMD E120 002855 003945 211 264
|002FR_GUSON LFPG LEMD E120 003945 004945 264 270
GUSON_LMG LFPG LEMD E120 004945 005905 270 270 2
LMG_NORON LFPG LEMD E120 005905 010435 270 270 2
NORON_VELIN LFPG LEMD E120 010435 011250 270 270
YELIN_ SAU LFPG LEMD E120 011250 011750 270 270 2
SAU_ENSAC LFPG LEMD E120 011750 012605 270 270 2
ENSAC_RILON LFPG LEMD E120 012605 013100 270 270
RILON MAGEC LFPG LEMD E120 013100 013425 270 270
MAGEC_ETZ LFPG LEMD E1Z0 013425 013950 270 270 2
BTEZ_URUNA LFPG LEMD E1Z0 013950 014045 270 270 2
URUNAE_SSN LFPG LEMD E120 014045 014055 270 270 2
SSN_DITOP LFPG LEMD E120 014055 014215 270 270 2
DITOP_PPN LFPG LEMD E120 014215 014630 270 270 2
PPN _NOLSA LFPC LEMD E120 014630 015140 270 270 2
NOLSA ALEPO LFPG LEMD E120 015140 015300 270 270
ALEPO_GARVU LFPG LEMD E120 015300 015530 270 270
GARVU_HEREMI LFPG LEMD E120 015530 020535 270 254
HEEMI_EBAN LFPG LEMD E120 020535 020725 254 228 1
EAN PINAR LFPC LEMD E120 020725 021145 228 184 1
PINAR +7BAN LFPG LEMD E120 021145 021250 184 172
250 021520 172 130

| BUDOM_aSEIN LFPG LEMD E120 02520 022135 130 64

ﬁSBIN:!DDES LFPG LEMD E120 0
10025 LEMD LFPG LEMD E120 02

135 022615 B4 32 1
15 022750 32 0 1 ¢

CALLSIGN 100701 100701 Z608
CALLSIGN 100701 100701 Z601
CALLSIGN 100701 100701 2593
CALLSIGN 100701 100701 2580
CALLSIGN 100701 100701 2564

-80.6167 2601.3 -104 4167 137400625 18 12 0577 0

.3 -104.4167 25986667 -109. 8167 137400625 19 4 7289 0
CBEET -109. 8167 Z25280.9333 -105. 8667 137400625 20 17. 9653 0
.9333 -105. 8667 25640333 -102 1167 137400625 21 17.122 0
.0333 -102.1167 2545 €5

-114.45 137400625 22 20 504 0

2 CALLSIGN 100701 100701 2545.65 -114.45 2540.6167 -117.8 137400625 23 5. 6086 0

2 CALLSIGN 100701 100701 2540 6167 -117.8 2530. 2667 -124. 6667 137400625 24 11.5305 0
-124. 6667 2488 4167 -152 137400625 25 46. 5436 0

2 GALLSIGN 100701 100701 2530. 2667

CALLSIGN 100701 100701 2488.4167 -152 2479.4167 -157.8 137400625 26 9.9964 0
CALLSIGN 100701 100701 2479 4167 -157.8 2458 8167 -155 95 137400625 27 20 647 0

1 CALLSIGN 100701 100701 2458, 8167
1 CALLSIGN 100701 100701 2440 5833

-155.05 2440 5833 -153 6333 137400625 28 9,392 0
-153 6333 2439 3833 -1e9 137400625 20 15 4788 0

020 025420 167 130
BUDOM_&SEIN LFPG LEMD E120 028420 030205 130 70 1 CALLSIGN 100701 100701 2439.3833 -169 2415 3 -190. 5833 137400625 30 29.1492 0
ASBIN_LEMD LFPC LEMD E120 030805 030830 70 0 1 CALLSIGN 100701 100701 2415.3 -190.5833 24E28.3333 -213.65 137400625 31 21.8208 0

31 segments
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0 CALLSIGN 100701 100701 2885 147 4333 2865.45 157.4 137400625 4 20,6595 0
0 CALLSIGN 100701 100701 2865.45 157.4 2862. 3667 154, 2667 137400625 5 3.7347 0
0 CALLSIGN 100701 100701 2862 3667 154. 2667 2824 0833 134.45 137400625 6 40 5662 0
0 CALLSIGN 100701 100701 2824 0833 134 45 2788 45 88 6667 137400625 7 47 4656 0
CALLSIGN 100701 100701 2788 45 88 6667 2748.95 £1.5333 137400625 8 43 7451 0
CALLSIGN 100701 100701 2748.95 61,5333 2729.0833 40,65 137400625 9 24 6534 0
2 CALLSIGN 100701 100701 2729 0833 40.65 2698.8 9.3333 137400625 10 37.4627 O
CALLSIGN 100701 100701 2698.8 9.3333 26806167 -9.1833 137400625 11 22.4297 0
CALLSIGN 100701 100701 2680 6167 -9.1833 2652 -41 4167 137400625 12 36,723 0
2 CALLSIGN 100701 100701 2652 -41 4167 2635.5 -60.6 137400625 13 21 5004 0
2 CALLSIGN 100701 100701 2635 .5 -60.6 2624 .9 71 75 137400625 14 13 3058 0
CALLSIGN 100701 100701 2624.9 -71.75 2608 -00. 6167 1374006285 15 21.7309 0
CALLSIGN 100701 100701 2608 -90.6167 2601.3 -104.4167 137400625 16 12.0577 O
CALLSIGN 100701 100701 2601.3 -104. 4167 2598 6667 -109. 8167 137400625 17 4. 7289 0
CALLSIGN 100701 100701 2598. 6667 -109.8167 2580 9333 -105. 8667 137400625 18 17 9659 0
CALLSIGN 100701 100701 2580. 9333 -105. 8667 2564 0333 -102. 1167 137400625 19 17 122 0
CALLSIGN 100701 100701 25640333 -102.1167 26545 65 -114 45 137400625 20 20.504 0
2 CALLSICGN 100701 100701 2545.65 -114.45 2540, 6167 -117.8 137400625 21 5.6086 0
2 CALLSIGN 100701 100701 2540.6167 -117.8 25300 2667 -124. 6667 137400625 22 11.5305 0
1 CALLSIGN 100701 100701 2530, 2667 -124 6667 2488.4167 -152 137400625 23 46 5436 0
CALLSIGN 100701 100701 2488 4167 -152 2479 4167 -157.8 137400625 24 0 0064 0
CALLSIGN 100701 100701 2479 4167 -157.8 2458 8167 -155.9E5 137400625 25 20,647 0
1 CALLSIGN 100701 100701 2458, 8167 -155. 95 2440 5833 -153,6333 137400625 26 9.392 0
1 CALLSIGN 100701 100701 2449 5833 -153. 6333 2439 3833 -169 137400625 27 15.4788 0
1 CALLSIGN 100701 100701 2439 3833 -169 2415.3 -190.5833 137400625 28 29.1493 0
CALLSIGN 100701 100701 2415 3 -190. 5833 2424 8167 -208. 6667 137400625 29 16, 7506 0
ALLSIGH 100701 100701 2424, 8167 -208. 6667 2428 3333 -213. 65 137400625 30 5.172 0

30 segments

Also, segments may
change name, .... !l
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DATA: CLEANING

Pl LT L N I P I L1 IOt O P Rt LY Pt Y I Pl L P Py I N PO PN R eyt It IS e I L T L 1 I It B N I Pl U - P I o 8 I [P I Py N P [ I i I N 8 I gt 3 O P 8y e TP }

The same callsign appears with two different IFPS IDs

LU, LMD Al ol 0L, SO L LU L Lo, D L LSy S L Ly

FGSL; GMME ; CALLSIGH; ;FS00; ;EES5112653; 20110601110000 ; FEL ; FP

FNTR -FOTT.MITHAMCR .TITH. 43 CMANENT1I0AENN - 222 8a7en . 2niins

BEHE, G REWA ;LN S LG A S0 S0 L0 UL LS U0 SsiEh | 1145 ; “UL1UBUL 14000 ; FEL
FGSL; GMME ; CALLSTIGH,; ; F900; 20110601110000;BE951131958;20110601110000;FPL;]

neT 4. 00 -WRAVEAAA WAV ATTR .01 nErm N o Tnn . rradA nnnad . 211 nan1 T ann .- e

This makes problematic a comparison with M1/M3 files
because the IFPS code does not appear in the M1/M3
files

[ B TN P Ry

FESL_TMS FGSL GMME FI00 111000 141314 0 400 0 CALLSIGN 110601 110601 225 3167 522 5167 1368 4F6T 326. 8 147558175 1 1158.7421 0
TMS TAM FGSL GMME F900 141314 1431319 400 400 2 CALLSIGN 110601 110601 1368. 4667 326.8 1368.4 326. 7333 147558178 2 0907 O
TAM_SIHAR FGSL GMME FO00 141319 150647 400 430 0 CALLSIGN 110601 110601 1368.4 326, 7333 1710 210.7333 147558173 3 357. 2242 0
STHAR MNA FGSL GMME FOO00 150647 152EG6 430 430 2 CALLSIGN 110601 110601 1710 210. 7333 1833 5167 171.7 147558178 4 12831 0

MMA MEEAE FGSL GMME FO00 152556 153946 430 430 2 CALLSIGH 110601 110601 1833.5167 171.7 1894 8167 30 147558173 5 93,0295 0

MEZAE SEFREA FGSL GMME FO00 15394g 155900 430 430 2 CALLSIGN 110601 110601 1894 8167 90 1980 -24. 7 147558178 6 129 0602 0

SEFRA ARIAM FGSL GMME F900 155900 161104 430 430 2 CALLSIGN 110601 110601 1580 -24.7 2033 3667 -97 6167 147558173 T 80.93 O
ARIAM FES FGSL GMME FOOO 161104 163626 430 312 1 CALLSIGN 110601 110601 20333667 -97. 6167 2035.65 -300.8167 147558178 8 168 6495 0
FES_VARAS FGSL GMME FOO00 163626 164711 312 114 1 CALLSIGN 110601 110601 2035.65 -300. 8167 2041.5333 -380.9 147558178 9 66.67 O
VARAS SBI FGSL GMME FOO00 164711 165157 114 40 1 CALLSIGN 110601 110601 2041.5333 -380.9 2050.5833 -399.35 147558173 10 18.1143 0
SEI_GMME FGSL GMME FS00 165157 165427 40 0 1 CALLSIGH, 110601 110601 Z2050.5833 -399. 85 2043 0833 -405.1 147A58178 11 5. 6685 0

TOWA TNM ThWO T TR nc0n 14nCnn 144504 0 on 0 owTdnwe 44nend 44ncnd food 0097 £7E N027 Nocd TC S0 Nooa 14 Cod7m 1 A0 Chfod N

flight ID
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DATA: CLEANING

The same for

landing?

The same for
take-off times?

347 ENV_20110601.ALL FT contains:
37338 records, i.e. different IFPS IDs
33704 records relative to day 01/06/2011
29401 distinct callsigns relative to day 01/06/2011

20110601 m1.so6 contains
31150 different flight IDs
28631 distinct callsigns

L~ TN~ B IR R SR R

==
(=]

11

v

20110601 _m3.s506 contains
31138 different flight IDs
28621 distinct callsigns

The overall intersection is 28613

Confronto_m0 _m1l m3 prova.xls

A B ] D E F G
start time first|start time first
DAY 'IEL?EL"TE Aé?.i%? AIRPORT END 'i?_[ f'l':".r"" segment from | segment from
~ M1 file M file

20110601 CALLSIGN 1_|EDLW EBAW 130000 130600 130600
20110601 CALLSIGN 2 |EVRA EETN 134500 135000 135500
20110601 CALLSIGN 3 |LIPX EBBR 130000 131000 141800
20110601 CALLSIGN 4 |FGSL GMME 110000 111000 111000
20110601 CALLSIGN 5 |LIPQ LIPQ 53000 93500 92900
20110601 CALLSIGN 6 |LLNV LLNY 100000 101000 101000
20110601 CALLSIGN 7 _|LLNV LLNY 41500 42500 42500
20110601 CALLSIGN B |LSZS EGGW 120000 121000 122500
20110601 CALLSIGN 9 |LGIR HSSS 53000 B3500 83400
20110601 CALLSIGN 10 |UKBB UKFB 120000 121500 121100
afdanEnd TTWITZE MA AL M AL Arinnn A4 00N Al nn

ELSA - Empirically grounded agent based models for the future ATM scenario
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M1 and M3 files

Wealihausaansianeddid  \\Ve put aside the information on segments at this stage.
WHAT DATA DID WE

CONSIDER?

We were interested in two aspects:
1. The network structure of the system airport-flights
2. A network characterization of flight delays

1. We set a link between two airports if there is at least a
flight connecting them.

2. We define: flight delay = (arrival time in M3)
minus
(arrival time in M1)
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SOME PRELIMINARY RESULTS:
Network of airports

FLIGHT network: weighted and directed

The weight of each link is the number of flights. The number of flights from A to B
is in general different from the number of flights from B to A, although these
numbers are very close.

ROUTE network: weighted and undirected

The weight of each link is the total number of flights.
P P

ECTL flights only



SOME PRELIMINARY RESULTS: ROUTE network

Network of Airports
ROUTE NETWORK

nodes - airports

<k> average degree - number of connections with other airports

<s> average strength - number of flights in each airport

<|> average path length - minimum number of flights that connects two airports

day nodes flights links <s3> <k> max{(s)] max(ik) largesticluster <{f>, <¥£ >
W June 1 1375 31224  B49% 454 124 1454 221 1356 334 329
Th June 2 1206 27660 7757 226 124} 1426 226 1264 333 347
r June 3 1291 28280  B039 438 12 1384 219 1256 331 3123
S5a  June 4 [153 25280 7642 438 133 1343 245 1126 317 3.15
Su  June 5 1188 28175 B104 474 136 1£5] 232 1167 3.14 3.12
M June 6 1342 30435 B243 45.3 i 2% l4b4 221 1327 3.35 329
¥ June 7 1348 30397 8131 43.1 12.1 1404 220 1313 3.34 328
TABLE 1
FULL NETWOREK. £ IS THE PATH LENGTH. FOR A DETAILED EXPLANAZION, SEE TEXT. .
/ flight
highly connected system network
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SOME PRELIMINARY RESULTS:
Network of Airports

ROUTE NETWORK

cumulative probability

10 E——

=
O\

—_
<

—_
o

10°

o
T

'
w
T TT

ROUTE network:
some metrics
distributions

(01/06/2011)

,_.
T TTT

— all airports
— ECTL airports

Fat tails

10' 107
strength (number of flights)
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cumulative probability

cumulative probability

107 o P T oF By Brird T 6 L or 1 ER=Ey=ary EEEERTESE: 3

E — all airports .

. — ECTL airports
107 E
10°F :
107 3 _
1074 ......... | NI AR A A | AN S I AR | I ST | IR

0 50 100 150 200 250

degree (number of destinations)

: | L | N | L |
107 20 40 60 8 100

0
link weight (number of flights)
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ROUTE network:

- Fit: 1.39
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If the number of destinations becomes twice, than the number of
flights increases by a factor 21:39=2.45
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ROUTE FDR-network of airports
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FUTURE WORK 1: statistically
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The network includes

2_fdr: 28395/31224 nodes, 148509 links
2 fdr: 5891 connected components
2_fdr: 95 nodes in largest

FDR-network of flights



FUTURE WORK 2: bipartite
system of segments and flights

Bipartite system of segments and flights

Segment 1
Segment 1
Segment 1
Segment 1
Segment 1
Segment 2
Segment 2
Segment 2

Flight 1
Flight 2
Flight 3
Flight 4
Flight 5
Flight 2
Flight 3
Flight 6

Nodes can be either
segments or flights

Two segments are
connected if they have at
least a flight in common

Two flights are connected
if they have at least a
segment in common

We can study the segments topology and how it behaves
with respect to delays. Are there segments that show
peculiarities with respect to delays?
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Once we have the networks (airports, segments,

. ...) what do we do?

FUTURE WORK 3: spreading of Propagation of delays over network

delays over network

Divide each day in 24 intervals of 1 hour each.
The role of the airline transportation network in the . .
J rcicion andpredctabity of bl eidemi For each node (for example, airport, ..... and for each time

= interval one can consider the number of departure flights. One
can compute how many are delayed (M1 vs M3 comparison) for
more than15 minutes. The same for arrivals.

Such analysis can give insights about the way delays spread
over the network.
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A few issues about data are still open

CONCLUSIONS
- The network approach seems feasible. It can prove to be
extremely useful when studying the ATM system.

Propagation of delays over networks at the level of airports
and flight segments.
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THE ELSA
== bROJECT

ELSA Objective

Analyse, describe and model the dynamics of the ATM system
ELSA OBJECTIVES . .

In the current scenario

In the SESAR scenario(s)

Three sub-objectives:
characterisation of statistical regularities in the current scenario

simulation of the emergent properties of the trajectory-based
SESAR scenario

inform the design of a tool to monitor, predict and intervene on the
ATM system
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