
From Stat)c Formulas to Market Dynam)cs: Charg)ng the t)me )n A)r Nav)gat)on 

Introduct)on 

The "t'me-of-use tar'0" model appl'ed 'n modern electr'c'ty markets 's a perfect example 
of how a scarce 'nfrastructure should be managed. A k'lowatt of electr'c'ty consumed 
dur'ng peak dayt'me hours does not cost the same as one consumed late at n'ght. The 
reason consumers consc'ously sh'ft the use of h'gh-energy household appl'ances or 
electr'c veh'cle charg'ng to late-n'ght hours 's the rat'onal pr'c'ng o0ered by the market. 
The ra'son d'être of the t'me-of-use tar'0 's the fact that the gr'd's capac'ty 's l'm'ted. 
Indeed, 'n a scenar'o where all demand loads onto the 'nfrastructure s'multaneously, the 
system congests, and 't becomes mandatory to deploy h'ghly 'ne0'c'ent, h'gh-em'ss'on, 
and expens've backup plants to meet 'nstantaneous needs. To overcome th's bottleneck, 
ut'l'ty compan'es pr'ce peak hours h'gher and qu'et hours lower, thereby d'str'but'ng 
consumpt'on homogeneously across t'me. The most elegant way to manage a capac'ty-
constra'ned 'nfrastructure w'thout collapse and to prevent unnecessary carbon 
em'ss'ons 's to pr'ce "t'me".  

Although the sky appears boundless from below, 't 's actually a phys'cal network w'th 
'nv's'ble corr'dors, narrow'ng bottlenecks, and r'g'd capac'ty l'm'ts, much l'ke 
metropol'tan h'ghways. However, th's fundamental capac'ty plann'ng solut'on, wh'ch 
works flawlessly 'n power gr'ds and global log'st'cs networks, suddenly van'shes when 't 
comes to the sky, wh'ch 's perce'ved as 'nf'n'te.  

Establ'shed f'fty-s'x years ago by an agreement s'gned 'n Brussels 'n September 1970, the 
European a'r nav'gat'on charg'ng system st'll operates today w'th the s'mple, stat'c 
mechan'sm of that era. The formula at the heart of the system, Number of Serv'ce Un'ts 
= 𝑊 ×𝐷 (We'ght × D'stance), was presented as a great g'ft to c'v'l av'at'on due to the 
"s'mpl'c'ty" 't o0ered for large-scale calculat'ons 'n an era w'thout d'g'tal'zat'on and b'g 
data algor'thms. However, 'n today's world where art'f'c'al 'ntell'gence can opt'm'ze fl'ght 
networks 'nstantaneously, the value of a formula should be measured not by 'ts 
s'mpl'c'ty, but by how respons'vely 't answers the dynam'c cr'ses of the network. Th's half-
century-old structure takes 'nto account the a'rcraft's we'ght and the d'stance 't fl'es, but 
"when" 't fl'es 's not 'ncluded 'n the formula.  

For 'nstance, suppose two a'rcraft of the same type plan two d'0erent fl'ghts on the same 
route. One takes o0 at e'ght 'n the morn'ng, when the a'rspace 's most chaot'c, and the 
other at two 'n the morn'ng, when 't 's qu'etest. Today, both fl'ghts w'll pay exactly the 
same fee for a'r nav'gat'on serv'ces. Yet, the serv'ce prov'ded to them by the system and 
the'r cost to the system and nature are ent'rely d'0erent. The fl'ght tak'ng o0 at two 'n the 
morn'ng 's alone 'n the sky, complet'ng 'ts route completely stra'ght and at the most 
opt'mum alt'tude. The fl'ght tak'ng o0 at e'ght 'n the morn'ng, however, 's forced to 
lengthen 'ts route by k'lometers to avo'd enter'ng a congested sector. Due to the tra0'c 
dens'ty, the controller ass'gns a fl'ght level lower than the opt'mum cru'se alt'tude, 
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caus'ng the a'rcraft to burn much more fuel and generate h'gher em'ss'ons at th's alt'tude 
where fr'ct'on 's greater. It m'ght even encounter a speed restr'ct'on to ma'nta'n 
separat'on w'th'n the sector, wh'ch causes an add't'onal 'ne0'c'ency that 'ncreases 
carbon em'ss'ons.  

These are all s'lent costs unfelt by the passenger 'ns'de the cab'n, yet they leave heavy 
marks on the a'rcraft's fuel tank and the atmosphere. You can manage the same da'ly 
tra0'c e'ther as a smooth system balanced across hours or 'n the form of 'ntense waves 
compressed 'nto narrow w'ndows. On paper, both y'eld the same total number of fl'ghts; 
however, every wave that overflows capac'ty repeats the 'ne0'c'enc'es exper'enced by 
that 8:00 AM fl'ght much more frequently and 'ntensely. Congest'on does not merely 
cause an operat'onal cr's's; 't s'lently wr'tes an exponent'ally grow'ng carbon b'll.  

Th's mass've d'0erence h'dden beh'nd that "same b'll" pa'd stands prec'sely at the 
'ntersect'on of two cr'ses that the av'at'on 'ndustry 's try'ng to solve s'multaneously today: 
the capac'ty cr's's 'n the European a'rspace, wh'ch has become congested aga'n w'th the 
post-pandem'c demand wave return'ng strongly, and the cl'mate cr's's caused by the 
European Green Deal's "2050 Net Zero" comm'tment. From an econom'c perspect've, the 
root of these two problems 's essent'ally 'n the same place: a'rspace, a scarce resource, 
's pr'ced w'thout cons'der'ng the t'me d'mens'on at all.  

Econom'cs has a name for th's problem: Peak-Load Pr'c'ng. Bol'c et al. (2017) 
demonstrated that th's could funct'on 'n a revenue-neutral manner w'th'n European 
a'rspace and establ'sh a demand-capac'ty balance.  

To see the rat'onal'ty of th's mechan'sm, there 's no need to look far; 't 's enough to look 
at the a'rl'nes' own t'cket'ng strateg'es. The pr'ce of an a'rl'ne t'cket purchased dur'ng 
peak per'ods such as hol'day seasons or summer vacat'ons 's never the same as a t'cket 
bought on a calm w'nter day. A'rl'ne compan'es opt'm'ze the'r own a'rcraft capac'ty by 
mak'ng peak per'ods more expens've and d'rect'ng flex'ble passengers to qu'et per'ods. 
It 's a major contrad'ct'on that th's dynam'c pr'c'ng log'c, wh'ch has been flawlessly 
appl'ed to t'cket pr'ces 'n the 'ndustry for years and accepted as a natural real'ty of the 
market, 's completely abandoned when 't comes to the "a'rspace 'nfrastructure" used by 
that a'rcraft. The "Dynam'c T'me Pr'c'ng" proposed w'th'n the scope of th's study a'ms to 
transplant th's fam'l'ar market dynam'c from the passenger t'cket to 'nfrastructure 
pr'c'ng.  

However, 'n av'at'on, the matter 's not as smooth as s'mply add'ng a t'me mult'pl'er to the 
formula. Pels and Verhoef (2004) prove that 'n ol'gopol'st'c structures where a'rl'nes 
possess market power, espec'ally 'n networks operat'ng w'th a collect-and-d'str'bute 
log'c known as hub-and-spoke, carr'ers already 'nternal'ze delay costs (for 'nstance, by 
pay'ng for 't 'nternally by hold'ng connect'ng fl'ghts to wa't for a delayed passenger). 
Impos'ng a blunt flat fee on peak hours 'n a network bu'lt on these 'ntens've arr'val-
departure "waves" compressed 'nto narrow w'ndows r'sks penal'z'ng the a'rl'ne a second 
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t'me for the same delay and suppress'ng demand to the po'nt of caus'ng a net welfare 
loss.  

The emp'r'cal p'cture, however, tells a d'0erent story. Morr'son and W'nston (2007) show 
w'th US data that two-th'rds of delays st'll rema'n external and that even a small 
econom'c 'ncent've target'ng t'me can turn 'nto b'll'ons of dollars 'n net welfare ga'ns; 
meanwh'le, Vo et al. (2026) detect that stretch'ng the supply s'de alone (such as 
controller sh'ft arrangements) 's 'nsu0'c'ent, and an 'ntegrated model address'ng 
capac'ty management and pr'c'ng together 's st'll m'ss'ng 'n the l'terature.  

Th's study targets prec'sely th's gap 'n the l'terature: a "Dynam'c T'me Pr'c'ng" model 's 
proposed, wh'ch redes'gns peak-load pr'c'ng not just as a capac'ty tool but as an act've 
carbon m't'gat'on mechan'sm. In do'ng so, 'n harmony w'th the outcome of Pels and 
Verhoef's (2004) study, the a'm 's not to penal'ze the connect'v'ty log'c but to make the 
true cost of peak hours v's'ble. A well-des'gned tar'0 steer'ng mechan'sm o0ers a 
smoother sky to Hub carr'ers by sh'ft'ng flex'ble tra0'c to qu'et hours; 't does not ban 
fly'ng, 't merely reveals the pr'ce and leaves the cho'ce to the carr'er.  

But the matter does not end here. When an a'rl'ne chooses a qu'et hour 'n your a'rspace 
and pays less, exactly that hour m'ght be a peak hour 'n another country at the 
dest'nat'on. In other words, the appl'ed econom'c 'ncent've can work 'n reverse 'n 
someone else's a'rspace (Waterbed E0ect). Th's elevates "Dynam'c T'me Pr'c'ng" from an 
algor'thm'c 'ssue that a s'ngle state can solve by 'mplement'ng 't, 'nto a European 
quest'on requ'r'ng the network-w'de coord'nat'on author'ty that EUROCONTROL already 
possesses. A dynam'c Bonus-Malus pr'c'ng 'ntegrated w'th the EUROCONTROL Network 
Manager can el'm'nate hor'zontal/vert'cal fl'ght 'ne0'c'enc'es wh'le solv'ng congest'on, 
naturally dr'v'ng down carbon em'ss'ons as a result. Th's 's an 'ntegrated dual-d'v'dend 
scenar'o that transcends the class'c "e'ther capac'ty or env'ronment" d'chotomy. 
However, the real'zat'on of th's scenar'o depends on the ent're network speak'ng the 
same language, rather than a s'ngle a'rspace.  

The Legacy of 1970 

The roots of the we'ght-d'stance formula used today trace back to 1970, accord'ng to 
EUROCONTROL's own h'story. In June 1970, the Organ'zat'on's Permanent Comm'ss'on 
(CN/28, 25 June 1970) approved the pr'nc'ple of establ'sh'ng a reg'onal route charges 
system. The formula relat'ng to the calculat'on of the we'ght-based number of serv'ce 
un'ts, wh'ch forms the ma'n backbone of the framework, was developed by Wolfgang 
Ph'l'pp over h's Chr'stmas hol'days that year, accord'ng to an anecdote shared 'n the 
'nst'tut'on's h'story. Mr. Ph'l'pp thus gave a f'ne Chr'stmas present to the c'v'l av'at'on 
world. The result was a mult'lateral agreement s'gned 'n Brussels on September 8, 1970, 
by the plen'potent'ar'es of the organ'zat'on's seven member states at the t'me; to 
'mplement th's, the Central Route Charges O0'ce (CRCO) was establ'shed 'n 1971. Th's 
work by EUROCONTROL subsequently gu'ded ICAO's own pr'nc'ples.  
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The system was updated w'th a new mult'lateral agreement s'gned 'n 1981 and 'n force 
s'nce 1986—yet the core log'c of the formula has rema'ned nearly unchanged.  

At that t'me, the goal was for th's calculat'on to be s'mple; a calculat'on done by hand or 
w'th pr'm't've computers needed to be uncompl'cated. But more than half a century later, 
'n a world where algor'thms opt'm'ze a'rspace 'n real t'me, the value of a pr'c'ng formula 
must no longer be measured by 'ts computat'onal s'mpl'c'ty, but by how sens't've 't 's to 
the actual needs of the network, to capac'ty, and to the env'ronment.  

From Hol)day Tar)Es to A)rspace Tar)Es 

So how does th's mechan'sm work 'n pract'ce? To understand 't, there 's no need to look 
far; 't 's enough to look at your own t'cket purchas'ng exper'ence. If you have searched for 
an Ankara-Par's t'cket three weeks before the E'd al-Adha hol'day, you know how the pr'ce 
sp'kes compared to a calm Tuesday three months before the hol'day. A'rl'nes do th's 
'ntent'onally: by mak'ng h'gh-demand per'ods expens've and qu'et per'ods cheap, they 
spread passengers across t'me accord'ng to the'r own capac'ty—whether passengers 
want to or not. Th's 's called "revenue management," and the 'ndustry has appl'ed 't for 
years, unquest'on'ngly; no one accuses an a'rl'ne of unfa'rness because 'ts hol'day tar'0 
's h'gh.  

What we propose 's m'grat'ng th's fam'l'ar log'c from the t'cket pr'ce to the a'r nav'gat'on 
charge. Currently, when an a'rl'ne fl'es dur'ng the bus'est hour of a hol'day per'od, the a'r 
nav'gat'on fee 't pays 's exactly the same as fly'ng 'n the dead of n'ght—'t looks at we'ght 
and d'stance, completely 'gnor'ng the clock. "Dynam'c T'me Pr'c'ng" adds a small t'me 
mult'pl'er to the ex'st'ng formula: sl'ghtly h'gher at peak hours, sl'ghtly lower dur'ng qu'et 
hours. To make 't concrete: let's assume an average a'r nav'gat'on charge of 1,000 euros. 
Wh'le a reasonable "congest'on d'0erent'al" 's added to th's dur'ng peak hours, a s'm'lar 
d'scount can be appl'ed dur'ng the qu'et m'dn'ght hours—the system collects the same 
total revenue, only the d'rect'on where 't channels demand changes. A'rl'nes are forced 
to perform the same calculat'on they have been do'ng for years 'n t'cket pr'c'ng, now for 
'nfrastructure costs as well.  

The cost of th's to the env'ronment man'fests as endless hold'ng patterns for arr'v'ng 
a'rcraft, 'nexhaust'ble departure queues for tra0'c on the ground, and paths extended by 
the a'r tra0'c controller for en-route tra0'c due to separat'on; the passenger does not 
not'ce, but the a'rcraft fl'es more d'stance than necessary. Alternat'vely, the controller 
'ssues a speed restr'ct'on; the a'rcraft dev'ates from the opt'mum speed at wh'ch 'ts 
eng'nes operate most e0'c'ently, 'ncreas'ng fuel consumpt'on. Or, 'f the most e0'c'ent 
fl'ght level 's full, the a'rcraft cont'nues to fly at an alt'tude that 's now "too heavy" for 't. 
None of these are not'ced from 'ns'de the cab'n; the passenger s'mply th'nks they 
exper'enced a safe, on-t'me fl'ght. However, they leave s'lent marks that appear on the 
fuel gauge and the balance sheet.  
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EUROCONTROL's own data shows just how w'despread th's 's: 'n the summer of 2024, 
en-route delays rose to 5.7 m'nutes per fl'ght 'n July, wh'ch 's almost double compared to 
the same month of the prev'ous year. Moreover, approx'mately 46% of th's delay 's already 
a react'onary (knock-on) delay, mean'ng a bottleneck at one po'nt transfers to the 
subsequent fl'ghts 't 's connected to.  

Econom)c Incent)ve or Adm)n)strat)ve Rule? 

So, does th's t'me mult'pl'er replace the tools already 'n EUROCONTROL's hands, or does 
't add someth'ng to them? Because the EUROCONTROL Network Manager can already 
d'rectly 'ssue a wa't'ng t'me called CTOT when a sector 's overloaded. Just l'ke the 
moments when the p'lot announces that we have to wa't "due to dens'ty 'n the a'rspace" 
after accept'ng passengers onto the a'rcraft; th's s'tuat'on 's a purely adm'n'strat've and 
pr'ce-free 'ntervent'on operat'ng through the ATFM system 'n the a'rspace.  

The answer l'es 'n the real'ty that adm'n'strat've restr'ct'ons are "bl'nd," whereas pr'ce-
based tar'0 steer'ngs are "smart". The slot 'ntervent'on 'mplemented by the Network 
Manager 's a react've cr's's management resorted to aga'nst capac'ty overloads and 
operat'onal contract'ons emerg'ng on the day of the fl'ght. The adm'n'strat've rul'ng does 
not look at the econom'c dynam'c 'ns'de the a'rcraft; 't places a mass've hub carr'er, 
wh'ch w'll prov'de connect'v'ty to 'ntercont'nental fl'ghts and races aga'nst t'me, 'nto the 
exact same queue as a low-cost a'rcraft carry'ng hol'daymakers travel'ng solely based on 
pr'ce, and holds them 'nd'scr'm'nately. In contrast, "Dynam'c T'me Pr'c'ng" does not a'm 
to abol'sh th's ex'st'ng adm'n'strat've mechan'sm; 't seeks to m'n'm'ze the need for 't.  

The pr'ce mechan'sm prov'des a'rl'ne compan'es w'th a proact've gu'dance months 'n 
advance, wh'le they are st'll 'n the schedule and seasonal plann'ng phase. Flex'ble 
carr'ers rece'v'ng th's econom'c market 'nd'cator voluntar'ly sh'ft the'r fl'ghts to qu'eter 
hours when no operat'onal cr's's 's yet 'n s'ght. Consequently, European a'rspace enters 
the day of the fl'ght w'th a much more balanced and relaxed start; the probab'l'ty of the 
Network Manager h'tt'ng the "red button" and hold'ng a'rcraft on the ground also drops 
dramat'cally.  

Furthermore, 't must not be forgotten that the t'me loss and the excess carbon released 
'nto the atmosphere caused by adm'n'strat've 'ntervent'on (hold'ng the a'rcraft on the 
ground or 'n the a'r) represent a pure deadwe'ght loss 'n a lose-lose format w'th'n the 
system; th's loss does not reflect pos't'vely on anyone's balance sheet. Conversely, the 
pr'ce mechan'sm has the potent'al to transform th's same congest'on cost 'nto funds that 
w'll strengthen the future technolog'cal 'nfrastructure of the a'rspace. In econom'c 
l'terature, 't has been known s'nce the class'c works of We'tzman (1974) that pr'ce-based 
'ncent'ves and quant'ty constra'nts complement each other rather than subst'tut'ng for 
one another. In av'at'on too, th's duo compr'ses two d'0erent layers of an 'ntegrated 
network that ensures safety and env'ronmental e0'c'ency together, rather than be'ng 
mutually exclus've tools.  



 6 

Harmon)z)ng w)th Hub Carr)ers: Preserv)ng Wave Operat)ons 

The harshest theoret'cal and pract'cal object'on fac'ng the model w'll undoubtedly come 
from major transfer hubs. At mega-a'rports l'ke Frankfurt, Amsterdam, or Istanbul, the sky 
repeats the same rhythm several t'mes a day: fl'ghts arr'v'ng from dozens of c't'es 
suddenly converge w'th'n a spec'f'c morn'ng w'ndow, rap'dly make the'r connect'ons, and 
d'sperse. In the afternoon, th's rhythm repeats once aga'n. Th's l'teral "'nhal'ng and 
exhal'ng" of the sky 's not an acc'dental bottleneck; 't 's the core network eng'neer'ng of 
hub-and-spoke systems, wh'ch 's the most valuable asset of hub carr'ers. In fact, as 'n 
the example of Istanbul A'rport, the construct'on of a th'rd 'ndependent runway 'n some 
mega-projects 's prec'sely 'ntended to serve these h'ghly synchron'zed arr'val and 
departure waves.  

In the l'terature, Pels and Verhoef (2004) prove that 'n ol'gopol'st'c structures where 
a'rl'nes possess market power, carr'ers already 'nternal'ze delay costs when they hold a 
connect'ng fl'ght to wa't for a delayed passenger, e0ect'vely pay'ng for 't 'nternally. 
Impos'ng a blunt flat fee on peak hours 'n a network bu'lt on these 'ntens've arr'val-
departure "waves" compressed 'nto narrow w'ndows r'sks penal'z'ng the a'rl'ne a second 
t'me for the same delay and suppress'ng demand to the po'nt of caus'ng a net welfare 
loss.  

The "Dynam'c T'me Pr'c'ng" we propose o0ers an 'nclus've solut'on aga'nst th's just'f'ed 
rebell'on of hub carr'ers, one that does not pun'sh them but 'nstead prom'ses them a 
"fr'ct'onless sky". The fundamental goal 'n the arch'tecture of th's model 's not to ban the 
network carr'er's v'tal "wave" operat'ons. The true power of the system l'es 'n sh'ft'ng 
other tra0'c w'th h'gh schedule flex'b'l'ty (low-cost carr'ers, charter fl'ghts, or cargo 
operat'ons) that uses the a'rspace 'nto qu'et hours. When dynam'c pr'c'ng comes 'nto 
play, flex'ble carr'ers voluntar'ly pull the'r operat'ons 'nto o0-peak hours to capture 
d'scounts or avo'd peak-hour charges. As a result, whether across Europe's cont'nental 
en-route arter'es or w'th'n term'nal approach (TNC) areas, the peak-hour sky opens up 
ent'rely to hub carr'ers rac'ng aga'nst t'me. The tar'0 steer'ng merely puts the 'nv's'ble 
'nfrastructure and carbon costs of peak hours on the table; 'f the value added by the 
connect'ng passenger 's h'gher than th's cost, the a'rl'ne pays the d'0erence and susta'ns 
'ts wave 'n a fr'ct'onless env'ronment. Th's nom'nal congest'on fee pa'd by the hub carr'er 
actually purchases a corr'dor where 'ts route 's not lengthened, 't 's not forced 'nto lower 
alt'tudes, and 't does not enter a'rborne hold'ng patterns. The dec's'on 's left ent'rely to 
market dynam'cs.  

Cross-Border Incent)ves: The Waterbed EEect and System Integrat)on 

As br'efly ment'oned 'n the 'ntroduct'on, the model has an operat'onal trap that could be 
overlooked 'n a fragmented geography l'ke Europe: a carr'er m'ght take o0 from 'ts 
departure a'rport, say Istanbul, dur'ng the earl'est and cheapest hour of the morn'ng to 
lower 'ts a'r nav'gat'on b'll. However, upon arr'v'ng 'n Frankfurt a'rspace at the end of th's 
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mult'-hour fl'ght, 't m'ght land prec'sely dur'ng the most chaot'c and expens've hour of 
the German a'rspace. A tra0'c flow successfully managed at 'ts or'g'n, y'eld'ng a h'ghly 
econom'cal a'r nav'gat'on b'll, may arr've at the dest'nat'on at the most expens've hour, 
when 't w'll have 'ts h'ghest em'ss'on 'ntens'ty. In other words, the appropr'ate b'll'ng 
strategy here has worked 'n reverse 'n another a'rspace; the small cost sav'ngs ach'eved 
at departure have qu'etly evaporated both 'n the budget and 'n the amount of carbon 
released 'nto the atmosphere due to fl'ght 'ne0'c'enc'es.  

It 's clear that the solut'on to th's phenomenon, known as the "Waterbed E0ect" 'n 
econom'c l'terature, cannot be ach'eved by def'n'ng peak and qu'et hours 'n 'solat'on 
accord'ng to each country's own local cond't'ons. The t'me bands that w'll form the bas's 
of pr'c'ng must be synchron'zed network-w'de, tak'ng 'nto account major tra0'c corr'dors, 
cont'nental trans't t'mes, and sector capac't'es.  

A key factor that w'll make the system's 'mplementat'on poss'ble 's that there 's no need 
to construct a supranat'onal 'nst'tut'on from scratch to establ'sh th's mechan'sm and 
ensure synchron'zat'on. EUROCONTROL's Central Route Charges O0'ce (CRCO) already 
centrally handles the collect'on of fees for cross-border a'r nav'gat'on serv'ces across all 
of Europe. The only m'ss'ng element 's the 'ntegrat'on of t'me bands as a "common 
language" 'nto the ex'st'ng calculat'on algor'thms. Th's transforms the matter from an 
'ntractable 'nternat'onal pol't'cal cr's's 'nto a techn'cal coord'nat'on 'ssue fully su'ted to 
EUROCONTROL's ra'son d'être and 'nst'tut'onal capac'ty.  

Overlooked Ga)ns: Human Capac)ty, Safety, and System Res)l)ence 

Although the ma'n ax's of debates surround'ng the model generally shapes around 
'nfrastructure 'nadequacy and carbon em'ss'ons, one of the most v'tal ga'ns the pr'c'ng 
mechan'sm w'll br'ng 's frequently overlooked: operat'onal safety and the opt'm'zat'on of 
human resources. Wh'le IATA's reports on ATC-'nduced delays 'n European a'rspace have 
for years emphas'zed the devastat'ng econom'c 'mpacts of bottlenecks, 
EUROCONTROL's most recent ACE (ATM Cost-E0ect'veness) report, publ'shed on June 8, 
2026, reveals the grav'ty of th's 'ssue w'th mathemat'cal certa'nty.  

Accord'ng to system-w'de data, 75.9% of total ATFM (A'r Tra0'c Flow Management) delays 
'n Europe or'g'nate d'rectly en-route. Even more str'k'ng 's that nearly half (49.9%) of these 
mass've en-route delays stem prec'sely from "ATC capac'ty and sta0'ng 'ssues". 
Integrat'ng new a'r tra0'c controllers 'nto the system 's a r'g'd supply-s'de solut'on that 
demands years of tra'n'ng and dramat'cally 'ncreases f'xed system costs, thereby 
'nflat'ng the un't rates passed on to a'rl'nes. Conversely, "Dynam'c T'me Pr'c'ng" a'ms to 
opt'm'ze the ex'st'ng human resource w'thout generat'ng new personnel costs. When the 
number of a'rcraft f'll'ng the radar screen pushes capac'ty l'm'ts dur'ng peak hours, the 
span of attent'on the controller can allocate to each a'rcraft narrows, and the cogn't've 
workload 'nev'tably 'ncreases. Spread'ng tra0'c through t'me and pr'ce parameters not 
only opens up th's 49.9% bottleneck; 't also balances the controller's workload w'th'n 
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human l'm'ts, permanently protect'ng the "safety marg'n" that 's the most fundamental 
bu'ld'ng block of av'at'on.  

Th's p'cture also features a s'lent ga'n d'mens'on reflected on the balance sheets of 
a'rl'ne compan'es. The thousands of tons of extra fuel burned due to route extens'ons 
forced upon a'rcraft as the pr'ce of cluster'ng 'n the a'rspace dur'ng peak hours, radar 
vectors ass'gned for separat'on purposes, z'gzags, and speed restr'ct'ons are the d'rect 
costs of the a'rl'ne 'tself, not the a'r nav'gat'on serv'ce prov'der. Thanks to the pr'c'ng 
model, when dens'ty decreases and fl'ghts smoothen, th's mass've waste 'n the fuel 'tem 
d'sappears as well. The "opt'mum fl'ght prof'le" that a'rl'ne compan'es purchase by 
sh'ft'ng flex'ble tra0'c or pay'ng the peak-hour prem'um returns to the'r own balance 
sheets as a mass've net sav'ng at the end of the day.  

A network operat'ng at the absolute l'm't of 'ts capac'ty 's completely vulnerable to 
operat'onal shocks. The EUROCONTROL ACE report shows that 35.8% of en-route delays 
and 50.8% of a'rport delays stem from severe weather cond't'ons. When poor weather 
cond't'ons, a techn'cal fa'lure, or an unexpected emergency str'ke a mass've ecosystem 
l'ke the European a'rspace, the packed system has no room left to absorb th's shock; the 
cr's's turns 'nto a dom'no e0ect spread'ng to the ent're cont'nent w'th'n seconds. 
Spread'ng tra0'c homogeneously throughout the day g'ves the system exactly the 
operat'onal bu0er and res'l'ence capac'ty 't needs 'n the face of severe weather events. 
Th's flex'b'l'ty, wh'ch prevents m'nor d'srupt'ons from mutat'ng 'nto major cr'ses, serves 
as the 'nv's'ble sh'eld of a susta'nable av'at'on network.  

Conclus)on: Prepar)ng the Sk)es for the Future 

The ex'st'ng nav'gat'on pr'c'ng system, whose foundat'ons were la'd 'n the 1970s and 
wh'ch has served European av'at'on w'th stab'l'ty for half a century, 's a h'ghly valuable 
h'stor'cal legacy des'gned to ensure "s'mpl'c'ty and pred'ctab'l'ty" w'th'n the l'm'ted 
computat'onal poss'b'l't'es of 'ts t'me. Thanks to th's framework, wh'ch answered the 
operat'onal needs of 'ts own era flawlessly, European a'rspace ach'eved the 'ntegrated 
and mass've network 't possesses today. However, 'n today's world where the av'at'on 
'ndustry fl'es b'll'on-dollar, next-generat'on a'rcraft ut'l'z'ng art'f'c'al 'ntell'gence-
supported algor'thms, the capac'ty and cl'mate cr'ses faced by the sector make 't 
mandatory to br'dge th's valuable legacy w'th the market dynam'cs of our age. The sky 's 
no longer a vo'd w'th 'nf'n'te capac'ty; 't 's a l'v'ng, dynam'c organ'sm w'th 'nstantaneous 
cluster'ng po'nts and r'g'd capac'ty boundar'es.  

The "Dynam'c T'me Pr'c'ng" proposed 'n th's study a'ms to adapt the system to the needs 
of modern network management w'thout sever'ng the av'at'on sector from the rules of the 
past. Th's mechan'sm a'ms to m'n'm'ze the 'nstantaneous operat'onal need for that 
author'ty by d'str'but'ng tra0'c system-w'de months 'n advance through rat'onal pr'ce 
steer'ngs.  
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Wh'le the new Performance Reference Per'od (RP4) plann'ng for European a'rspace 's 
currently be'ng d'scussed on the 'ndustry's table, test'ng th's 'ntegrated pr'c'ng model 
through p'lot appl'cat'ons 'n a few of the cont'nent's most chaot'c corr'dors 's by no 
means a remote poss'b'l'ty. The only m'ss'ng element 's the 'ntegrat'on of t'me bands as 
a common language 'nto the central'zed collect'on exper'ence and establ'shed 
'nfrastructure of the CRCO. Class'c econom'cs and env'ronmental pol'c'es generally 
present pol'cymakers w'th a harsh d'chotomy: e'ther choose capac'ty (growth) or the 
env'ronment. Yet, "Dynam'c T'me Pr'c'ng" prom'ses a "W'n-W'n" scenar'o, draw'ng 
strength d'rectly from the operat'onal real't'es of av'at'on.  

Return'ng to that e'ght o'clock morn'ng a'rcraft outl'ned at the beg'nn'ng of the text: 'n a 
European a'rspace where t'me 's accurately pr'ced, that a'rcraft w'll not wa't for a slot at 
take-o0, w'll not lengthen 'ts route for m'les to escape dens'ty upon departure, and w'll 
reach 'ts dest'nat'on gl'd'ng at the opt'mum alt'tude w'th the least fr'ct'on under the safe 
management of a controller whose workload on the radar screen has been eased. It must 
not be forgotten that the sky 's a scarce resource; and scarce resources can be shared 
equ'tably, safely, and cleanly only when they are accurately pr'ced.  


