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ABSTRACT 
In th&s study, the performance of G20 countr&es &n the av&at&on sector &n 2023 &s analyzed 
comparat&vely. The a&m &s to reveal the extent to wh&ch countr&es are able to max&m&ze the&r 
sectoral outputs w&th the ava&lable resources. Inputs (number of commerc&al a&rports, av&at&on 
&nvestment, total number of employees) and outputs (annual passenger traff&c, cargo volume, 
econom&c contr&but&on of av&at&on) are cons&dered. Turkey, USA, Germany, UK, Ch&na, France, 
South Korea, Indones&a, Argent&na, Italy and South Afr&ca were found to be fully eff&c&ent. In 
contrast, Austral&a, Braz&l, Ind&a, Japan, Japan, Canada, Mex&co, Mex&co and Saud& Arab&a were 
below the eff&c&ency threshold. In part&cular, South Korea and the USA stand out as the most 
exemplary reference un&ts for many countr&es. The f&nd&ngs prov&de pol&cy recommendat&ons for 
more eff&c&ent use of resources &n the av&at&on sector. 
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G20 ÜLKELERİNİN HAVACILIK PERFORMANSININ İNCELENMESİ 

ÖZ 
Bu çalışmada, G20 ülkeler&n&n havacılık sektöründek& 2023 yılı performansı karşılaştırmalı olarak 
anal&z ed&lm&şt&r. Amaç, ülkeler&n mevcut kaynaklarla sektörel çıktılarını ne ölçüde maks&m&ze 
edeb&ld&kler&n& ortaya koymaktır. G&rd&ler (t&car& haval&manı sayısı, havacılık yatırımı, toplam 
çalışan sayısı) ve çıktılar (yıllık yolcu traf&ğ&, kargo hacm&, havacılığın ekonom&k katkısı) d&kkate 
alınmıştır. Türk&ye, ABD, Almanya, İng&ltere, Ç&n, Fransa, Güney Kore, Endonezya, Arjant&n, İtalya 
ve Güney Afr&ka'nın tam ver&ml& olduğu görülmüştür. Buna karşılık, Avustralya, Brez&lya, H&nd&stan, 
Japonya, Kanada, Meks&ka, Meks&ka ve Suud& Arab&stan ver&ml&l&k eş&ğ&n&n altında kalmıştır. 
Özell&kle Güney Kore ve ABD, b&rçok ülke &ç&n en örnek referans b&r&mler& olarak öne çıkmaktadır. 
Bulgular, havacılık sektöründe kaynakların daha ver&ml& kullanılması &ç&n pol&t&ka öner&ler& 
sunmaktadır. 
Anahtar Kel0meler: Ver0 Zarflama Anal0z0, Havacılık, G20 Ülkeler0, Ver0ml0l0k. 
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1. INTRODUCTION 
W"th the "ncreas"ng "ntegrat"on of the global economy "n the 21st century, the 
av"at"on sector has become one of the ma"n elements of "nternat"onal trade, 
tour"sm, and labor mob"l"ty (Button & Pels, 2010). G20 countr"es account for 
approx"mately 85% of the world economy and host a large port"on of global 
a"r passenger traff"c (ICAO, 2022). In th"s context, evaluat"ng the effect"veness 
of these countr"es' "nvestments "n the av"at"on sector "s of h"gh "mportance not 
only from an econom"c but also from a strateg"c perspect"ve. Due to "ts mult"-
d"mens"onal structure, the av"at"on sector "s not l"m"ted to transportat"on 
"nfrastructure; "t also generates broad-rang"ng effects such as job creat"on, 
log"st"cs eff"c"ency, fore"gn trade performance, and econom"c contr"but"ons to 
the country (IATA, 2023). The “Value of A"r Transport” country reports 
prepared by the Internat"onal A"r Transport Assoc"at"on (IATA) enables these 
"mpacts to be tracked annually w"th concrete "nd"cators. 

In th"s study, 2023 av"at"on sector data for G20 countr"es were analyzed us"ng 
the DEA method. The "nputs "ncluded the total number of commerc"al a"rports 
"n each country, av"at"on "nvestment ("n m"ll"ons of US dollars), and the total 
number of employees "n the sector; the outputs "ncluded or"g"n-dest"nat"on 
passenger traff"c, annual cargo volume, and the av"at"on sector's contr"but"on 
to the country's economy. The analys"s was conducted us"ng constant return 
(CRS) and var"able return (VRS) models; add"t"onally, deta"led "nterpretat"ons 
were made through scale eff"c"ency and sampl"ng matr"ces. 

The pr"mary object"ve of th"s study "s to analyze the level of output that G20 
countr"es can produce w"th the"r current resources "n the av"at"on sector and 
to evaluate the relat"ve performance of countr"es. The comparat"ve analys"s 
conducted us"ng "nput (number of commerc"al a"rports, total number of 
employees, av"at"on "nvestments) and output (annual number of passengers, 
amount of cargo transported, sectoral econom"c contr"but"on) "nd"cators 
revealed the eff"c"ency levels of the countr"es. The f"nd"ngs "nd"cate that 
Turkey, the US, Germany, the UK, Ch"na, France, South Korea, Indones"a, 
Argent"na, Italy, and South Afr"ca have ach"eved full eff"c"ency levels. 
However, In contrast, Austral"a, Braz"l, Ind"a, Japan, Canada, Mex"co, and 
Saud" Arab"a were found to exh"b"t relat"vely lower performance. The analys"s 
results not only "dent"fy the current s"tuat"on but also determ"ne the countr"es 
that should be taken as examples. In part"cular, the Un"ted States and South 
Korea stand out as the most frequently referenced model un"ts by other 
countr"es. Th"s suggests that these eff"c"ent countr"es often serve as 
benchmark examples "n the av"at"on sector. Other nat"ons may look to the"r 
pract"ces for gu"dance, although the DEA results alone do not p"npo"nt wh"ch 
strateg"es or pol"c"es lead to h"gher eff"c"ency. 

Th"s study f"lls an "mportant gap "n the l"terature by prov"d"ng a comprehens"ve 
eff"c"ency analys"s that covers all G20 countr"es. Wh"le prev"ous research has 
mostly focused on "nd"v"dual a"rl"nes, a"rports, or pre-COVID-19 per"ods, th"s 
paper exam"nes the post-pandem"c context us"ng the most recent data from 
2023. In add"t"on, "t "ncorporates two "nd"cators that are rarely used "n the 
l"terature: av"at"on "nvestments as an "nput and the d"rect contr"but"on of 
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av"at"on to the nat"onal economy as an output. These var"ables h"ghl"ght the 
econom"c returns of sectoral "nvestments, mak"ng the study d"st"nct"ve and 
offer"ng a new perspect"ve to the ex"st"ng l"terature. 

In th"s art"cle, the general framework of the DEA method and "ts appl"cat"ons 
"n the av"at"on sectorw"ll f"rst be summar"zed based on prev"ous stud"es "n the 
l"terature, followed by an explanat"on of the method and data set. The next 
sect"on w"ll present the results of a Data Envelopment Analys"s (DEA) 
conducted us"ng 2023 data from G20 countr"es "n deta"l. Th"s sect"on w"ll 
"nclude f"nd"ngs on techn"cal eff"c"ency, scale eff"c"ency, basel"ne analyses, 
and "nput/output d"fferent"als. The f"nal sect"on w"ll summar"ze the results, offer 
pol"cy recommendat"ons for "neff"c"ent countr"es, and offer suggest"ons for 
future research. 

2. LITERATURE REVIEW 
Today, the av"at"on sector "s exper"enc"ng rap"d growth due to technolog"cal 
developments and global"zat"on. For example, global a"rl"ne passenger traff"c, 
wh"ch was approx"mately 300 m"ll"on "n 1970, reached 4.5 b"ll"on "n 2019, and 
the sector's revenue rose to $507 b"ll"on (Cu" & Yu, 2021). In l"ght of th"s growth 
and "ncreas"ng operat"ng costs, "t has become "mportant for a"rl"nes and 
a"rports to use the"r resources eff"c"ently and analyze the"r performance on a 
regular bas"s. In a global compet"t"ve env"ronment, a"rports must use the"r 
resources eff"c"ently and cont"nuously measure the"r performance. In th"s 
context, the non-parametr"c Data Envelopment Analys"s (DEA) method, wh"ch 
cons"ders mult"ple "nput-output relat"onsh"ps, "s w"dely appl"ed as a tool for 
eff"c"ency assessments "n the av"at"on sector (Cu" & Yu, 2021). Eff"c"ency 
analys"s, "n part"cular, "s one of the methods frequently used "n performance 
evaluat"on processes.Th"s type of analys"s exam"nes the eff"c"ency w"th wh"ch 
a system ut"l"zes "nputs used "n the product"on of goods or serv"ces. W"th"n 
th"s framework, numerous stud"es "n the l"terature, both domest"cally and 
"nternat"onally, have been conducted us"ng the Data Envelopment Analys"s 
(DEA) method to determ"ne the relat"ve eff"c"ency of un"vers"t"es and facult"es.  
Recent stud"es have shown that DEA "s a w"dely used and effect"ve tool for 
analyz"ng the resource ut"l"zat"on eff"c"ency of d"fferent academ"c un"ts 
(Çınaroğlu, Doruk & Avcı, 2018). L"terature stud"es on performance and 
eff"c"ency analys"s "n the av"at"on sector "n Turkey are presented "n Table 1 
below. 

Table 1. DEA Stud5es Conducted 5n the F5eld of Av5at5on 5n Turkey 
Author Countr

y & 
Per0od 
 

 

Method Inputs Outputs Key 
F0nd0ngs 
 

 

Kocak (2011) Turkey  
2008 

CCR 
Model 
(DEA) 
 

 

Operat0ng 
expenses, 
number of 
personnel, 
fl0ght 
traff0c, 

Passenger
s per area, 
fl0ght traff0c 
per 
runway, 
total cargo 

Accord0ng to 
2008 data, 
a0rports such as 
Istanbul Atatürk, 
Antalya, and 
Kayser0 were 
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passenger 
numbers 
 

 

 
 

found fully 
eff0c0ent. 
 

 

Avcı & Aktaş 
(2016) 

Turkey, 
2013–
2014 

DEA 
(BCC 
Model) 
 

 

Domest0c: 
passenger 
numbers, 
a0rcraft 
traff0c, 
term0nal 
s0ze; 
Internat0on
al: 
passenger 
numbers, 
cargo, 
a0rcraft 
traff0c 
 

 

Domest0c: 
personnel 
number, 
apron 
area; 
Internat0on
al: 
personnel 
number, 
apron, 
term0nal 
s0ze 
 

 

A0rport 
eff0c0enc0es 
were compared 
by summer and 
w0nter seasons; 
seasonal 
performance 
d0fferences were 
revealed. 
 

 

Örkcü, 
Balıkçı, 
Doğan & 
Genç (2016) 

Turkey, 
2009-2014 

CCR 
DEA + 
Malmqu0s
t TFP 
 

 

A0rport 
resources 
 

 

A0r traff0c 
volume 
 

 

A general 
0ncrease 0n 
a0rport eff0c0ency 
was observed 
between 2009 
and 2014. 
 

 

Cal0p0nar & 
Koç, 2017 
 

Turkey, 
2011–
2014 

Malmqu0s
t TFP 
Index + 
Färe-
Pr0mont 
TFP 
 

 

Infrastruct
ure 
capac0ty 
and 
resource 
usage data 
 

 

Passenger
, fl0ght and 
other 
serv0ce 
outputs 
 

 

H0ghest 
eff0c0ency 
0ncrease was at 
Isparta a0rport; 
lowest at 
Tek0rdağ and 
Çanakkale 
dur0ng 2011–
2014. 
 

 

Asker (2018) 
 

Global, 
2012 

Compar0s
on of 
CCR and 
BCC 
DEA 
 

 

ASK 
(ava0lable 
seat-km), 
total seat 
capac0ty, 
number of 
employees
, fuel costs 
 

 

RPK 
(revenue 
passenger
-km), load 
factor (%), 
total 
passenger
s 
 

 

Most a0rl0nes 
were found 
eff0c0ent w0th the 
BCC model; 
effects of scale 
d0fferences were 
emphas0zed. 
 

 

Asker & 
Aydın (2021) 

Global, 
2010–
2017 

DEA (CCR, 
BCC) + Tob0t 
regress0on 

TC/TA, 
LTL/TA, 
FA/TA, CA/CL 

NP/NS, 
NP/TA, 
NS/TC, NS/TA 

Low-cost a0rl0nes were 
more eff0c0ent; large 
carr0ers outperformed 
med0um-scale; 
prof0tab0l0ty 0mproved 
eff0c0ency, cap0tal 
0ntens0ty reduced 0t. 

https://dergipark.org.tr/tr/download/article-file/690662#:~:text=analiz%20edilmesidir,g%C3%B6re%20ise%20etkin%20%C3%A7%C4%B1kt%C4%B1%02%C4%9F%C4%B1n%C4%B1%20g%C3%B6stermektedir
https://dergipark.org.tr/tr/download/article-file/690662#:~:text=analiz%20edilmesidir,g%C3%B6re%20ise%20etkin%20%C3%A7%C4%B1kt%C4%B1%02%C4%9F%C4%B1n%C4%B1%20g%C3%B6stermektedir
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Yılmaz, 
Kuşakcı & 
Hacıoğlu 
(2022) 

Turkey, 
2015–
2018 

Integrate
d fuzzy 
AHP + 
DEA 
 

 

A0rport 
0nfrastructu
re and 
resource 
cr0ter0a 
 

 

A0rport 
operat0ona
l outputs 
 

 

Eff0c0ency of 46 
a0rports was 
exam0ned w0th a 
hybr0d method; 
external factors 
s0gn0f0cantly 
affected eff0c0ency. 
 

 

Tunç et.al. 
(2024) 
 

G20 
Countr0
es, 
2015–
2019 
 

 

CCR & 
BCC DEA 
+ 
Malmqu0s
t TFP 
 

 

Country-
level 
av0at0on 
0nd0cators 
 

 

Country 
av0at0on 
outputs 
 

 

The pos0t0on of 
Turkey w0th0n 
G20 countr0es 
and Ch0na was 
analyzed; 
recommendat0on
s were made for 
areas need0ng 
0mprovement. 

 

Güner, 
Antunes, 
Seçk0n Codal 
& Wanke 
(2024) 

Turkey, 
2017–
2021 

Two-stage 
we0ght-
restr0cted 
Network 
DEA 
(CRITIC-
NDEA) 

Runway area, 
Term0nal area, 
Apron area, 
Spec0al-
purpose 
veh0cles; 
Populat0on, 
Soc0o-
econom0c 
development, 
Tour0st arr0vals  

Degree, 
Betweenness, 
E0genvector 
central0ty, 
A0rcraft 
movements, 
WLU 

We0ght-restr0ct0on 
0mproves robustness; 
0neff0c0ency mostly 
from weak 
networkab0l0ty (low 
betweenness); COVID 
boosted domest0c 
networkab0l0ty (d0rect 
fl0ghts) but reduced 
traff0c generat0on. 

Both Turk"sh and "nternat"onal stud"es ut"l"ze s"m"lar mult"ple "nputs such as 
a"rport "nfrastructure (term"nal area, number of runways, number of gates, 
etc.), number of employees, and "nvestments, and outputs such as passenger 
and cargo traff"c, revenue, and econom"c contr"but"on. Class"c CCR and BCC 
models are w"dely preferred "n these stud"es. Turk"sh research, however, 
appl"es these "nternat"onal methods to the local context; for example, "n a 
study of tour"sm-focused a"rports, "nputs were used: number of employees, 
number of fl"ghts, and term"nal capac"ty, and outputs were used: number of 
tour"sts and tour"sm revenue. Furthermore, stud"es address"ng seasonal 
demand d"fferences and compar"ng product"v"ty between summer and w"nter 
per"ods are also ava"lable. Generally, both l"teratures ut"l"ze s"m"lar 
approaches us"ng the mult"ple "nput-output structure of DEA, wh"le Turk"sh 
stud"es emphas"ze spec"f"c dynam"cs of the country's economy, such as 
tour"sm and seasonal"ty. 

L"terature stud"es on performance and eff"c"ency analys"s "n the av"at"on 
sector abroad are presented "n Table 2 below. 

 

 

 

 

 

https://app.asreljournal.com/uploads/makale-pdf/turkiye-ve-g-20-ulkelerinin-havacilik-sektorunde-etkinlik-analizi-6SR71c.pdf#:~:text=%C3%87al%C4%B1%C5%9Fmada%20non,g%C3%B6zlenmi%C5%9F%2C%20mevcut%20literat%C3%BCre%20katk%C4%B1%20sa%C4%9Flanmas%C4%B1
https://app.asreljournal.com/uploads/makale-pdf/turkiye-ve-g-20-ulkelerinin-havacilik-sektorunde-etkinlik-analizi-6SR71c.pdf#:~:text=%C3%87al%C4%B1%C5%9Fmada%20non,g%C3%B6zlenmi%C5%9F%2C%20mevcut%20literat%C3%BCre%20katk%C4%B1%20sa%C4%9Flanmas%C4%B1
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Table 2. DEA Stud5es Conducted Abroad 5n the F5eld of Av5at5on 
Author Country & 

Per0od 
Method Inputs Outputs Key F0nd0ngs 

Pels,N0jkamp & 
R0etveld (2003) 
 

Europe (34 
a0rports, 
1995–1997)
  

CCR DEA 
+Compar0son 
w0th front0er 
model 

Number of 
runways (f0xed 
factor), other 
0nfrastructure 
and expenses 

Passenger 
movements, 
number of 
fl0ghts 
(movements) 

Most 
European 
a0rports are 
not techn0cally 
eff0c0ent; 
passenger 
dens0ty 0s a 
cr0t0cal factor. 

Bazargan & 
Vas0gh (2003) 

Un0ted 
States (45 
a0rports, 
2000)  

CCR DEA
  

Operat0ng 
expenses, non-
operat0ng 
expenses, 
number of 
runways, 
number of 
gates  

Number of 
passengers, 
fl0ght 
movements, 
other fl0ght 
act0v0t0es, 
av0at0on 
revenues, non-
av0at0on 
revenues, on-
t0me departure 
rate  

Large a0rports 
are not always 
the most 
eff0c0ent; 
med0um-s0zed 
a0rports can 
also use 
resources 
eff0c0ently. 

Scheraga 
(2004) 

Global 
a0rl0ne 
0ndustry 
(1980–
2000)  

CCR DEA
  

Total capac0ty 
(ton-km), 
operat0ng 
expenses, non-
fl0ght assets
  

Passenger 
revenues, total 
cargo revenues
  

The cost 
structure and 
fleet 
character0st0cs 
of a0rl0nes 
have been key 
determ0nants 
of eff0c0ency. 

Barros & D0eke 
(2007) 

Italy (31 
a0rports, 
2001–2003)
  

Mult0ple DEA 
models  

Labor costs, 
cap0tal 
0nvestment, 
operat0ng 
expenses  

Number of 
a0rcraft, number 
of passengers, 
cargo, ground 
serv0ce 
revenues, 
av0at0on 
revenues, 
commerc0al 
revenues  

Passenger 
and 
commerc0al 
revenue 
generat0on 
0mproves 
eff0c0ency 0n 
Ital0an a0rports. 

Merkert & 
Hensher (2011) 

Global (58 
a0rl0nes, 
2007–2009)
  

DEA (CCR) + 
Panel Tob0t 
regress0on
  

Number of 
employees, 
personnel 
expenses, 
ATK, ATK costs
  

RPK (Revenue 
Passenger-Km), 
RTK (Revenue 
Ton-Km; 
passenger + 
cargo)  

Fleet plann0ng 
and bus0ness 
model are 
s0gn0f0cant 
factors 0n 
a0rl0ne 
eff0c0ency. 

Saranga & 
Nagpal (2016) 

Ind0a (13 
a0rl0nes, 
2005–2012)
  

DEA (CCR) + 
Second stage 
regress0on
  

Number of 
employees, 
ASK, operat0ng 
expenses, 
personnel 
costs 

RPK (Revenue 
Passenger-Km), 
operat0ng 
revenue  

Low-cost 
carr0ers 0n 
Ind0a have 
demonstrated 
h0gher 
operat0onal 
eff0c0ency. 

https://econpapers.repec.org/RePEc:eee:transe:v:39:y:2003:i:5:p:341-361#:~:text=Abstract%3A%20In%20this%20paper%20we,There%20appears%20to%20be%20no
https://econpapers.repec.org/RePEc:eee:transe:v:39:y:2003:i:5:p:341-361#:~:text=Abstract%3A%20In%20this%20paper%20we,There%20appears%20to%20be%20no
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Coto-M0llán 
et.al. (2016) 
 

Spa0n (37 
a0rports, 
2009–2011)
  

DEA (CCR)
  

A0rport 
0nfrastructure 
and expense 
var0ables  

Passenger, 
cargo, and fl0ght 
traff0c data
  

Wh0le cargo 
transport 
0ncreases 
scale 
eff0c0ency 0n 
some a0rports, 
0t may l0m0t 
techn0cal 
eff0c0ency. 

Martí, Martín & 
Puertas (2017 

G20 and 
worldw0de 
(Country-
level 
log0st0cs, 
2014)  

DEA-LPI Log0st0cs 
0nfrastructure 
0nd0cators  

Trade log0st0cs 
outcomes  

Countr0es w0th 
strong log0st0cs 
0nfrastructure 
ga0n 
compet0t0ve 
advantage 0n 
trade. 

Mhlanga (2020) South 
Afr0ca, 
2015–2018 

Bootstrapped 
Meta-front0er 
DEA 

ASK (cap0tal), 
FTE staff 
(labour), 
Operat0ng 
expend0ture, 
A0rcraft number 

Revenue 
passenger-km 

Large a0rcraft, 
pr0vate and 
low-cost 
a0rl0nes more 
eff0c0ent; state 
carr0ers 
0neff0c0ent. 

Cu0 & Yu (2021) Global, 
1993–2020 

L0terature 
rev0ew of DEA 
appl0cat0ons 
(rad0al, 
nonrad0al, 
network, 
dynam0c DEA) 

Labor, fuel, 
fleet s0ze, 
costs, 
ASK/ATK, 
RPK/RTK, 
revenue, etc 

Eff0c0ency and 
product0v0ty 
scores 

A0rl0ne 
eff0c0ency has 
0mproved; 
results vary by 
reg0on and 
a0rl0ne type; 
newer DEA 
models 
(network, 
dynam0c, 
env0ronmental) 
are 
0ncreas0ngly 
used. 

Chen, Cheng & 
Zhu (2021) 
 

Ch0na, 
2013–2018 

Two-stage 
undes0rable 
SBM-NDEA 
(Network DEA) 

Number of 
employees, 
fleet s0ze, 
av0at0on fuel 

 

Intermed0ate: 
ASK, ATK; 
F0nal: Operat0ng 
revenue, RPK, 
RTK; 
Undes0rable: 
CO₂ em0ss0ons 

Low-cost 
a0rl0nes 
showed 
h0ghest 
eff0c0ency; 
major carr0ers 
had lowest 
eff0c0ency; 
0neff0c0ency 
ma0nly 
stemmed from 
product0on 
stage. 

Nguyen, Yu & 
L0rn (2022) 

U.S., 2015–
2019 

Two-stage DEA 
(bootstrap non-
convex meta-
front0er + 
truncated 
regress0on) 

Labor (FTE 
employees), 
Ava0lable 
Tonne-M0les 
(ATM), Fuel 
consumpt0on 

Total operat0ng 
revenue 

ULCCs least 
eff0c0ent; NLCs 
outperformed 
LCCs; 
eff0c0ency 
dr0ven by 
serv0ce qual0ty, 
s0ze, and t0cket 
pr0ce. 

https://www.gssrr.org/index.php/JournalOfBasicAndApplied/article/download/6436/3268/19650#:~:text=operational%20efficiency%20of%20turkish%20airports,35.%202016
https://www.gssrr.org/index.php/JournalOfBasicAndApplied/article/download/6436/3268/19650#:~:text=operational%20efficiency%20of%20turkish%20airports,35.%202016
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Wang, Zhu, 
Zhang & 
Boocock 
(2023) 

Ch0na, 
2016–2019 

Two-stage 
Network DEA 
(relat0onal, 
BCC-VRS) + 
panel data 
regress0on 

Runway area, 
Passenger 
term0nal area, 
Total cost of 
revenue, 
Processed 
passengers 

A0rport non-
aeronaut0cal 
revenue 

HKG most 
eff0c0ent; ops 
eff0c0ency h0gh, 
f0nanc0al 
uneven; 
eff0c0ency 
dr0vers: ASQ, 
AEZDL, 
a0rs0de (+), 
d0stance to c0ty 
(–). 

Bourjade & 
Muller-V0bes 
(2023) 

Global, 
2007–2019 

Stochast0c 
Front0er 
Analys0s (SFA) 
+ 2SLS 

Operat0ng 
costs, fleet 
structure, 
f0nanc0al data 

Cost eff0c0ency 
scores 

Leas0ng has a 
nonl0near 
effect; opt0mal 
level around 
46%; 
LCCs/pr0vate 
a0rl0nes benef0t 
more, 
FSCs/state-
owned less. 

Current stud"es generally rely on older data sets or more l"m"ted analyses. In 
th"s regard, th"s study, wh"ch uses data from 2023, prov"des a t"mely 
contr"but"on to the l"terature. In add"t"on, th"s research compares and analyzes 
nearly all G20 countr"es us"ng a s"ngle data set. Tunç, Gök, Vural, Sarıkaya, 
Karaaslan & Çayır Ervural (2024) exam"ned the act"v"ty levels of the av"at"on 
sectors "n G20 countr"es and Turkey; however, "t "s observed that the study 
most l"kely "ncludes pre COVID-19 data and more l"m"ted var"ables. In 
contrast, th"s study cons"ders comprehens"ve "nput var"ables such as the 
number of commerc"al a"rports, "nvestment expend"tures, and the number of 
employees, along w"th output var"ables such as passenger traff"c, cargo 
volume, and econom"c contr"but"on. Th"s d"fferent var"able select"on and 
expanded scope const"tute an "mportant aspect of the study that contr"butes 
un"quely to the l"terature. 

3. METHODOLOGY 
Before expla"n"ng the DEA models, "t "s "mportant to clar"fy the concepts of 
eff"c"ency and performance measurement "n order to prov"de a theoret"cal 
bas"s for the analys"s. Eff"c"ency refers to the level at wh"ch max"mum output 
can be ach"eved w"th spec"f"c "nputs and "nd"cates how eff"c"ently resources 
are used (Farrell, 1957). Th"s concept spec"f"cally h"ghl"ghts organ"zat"ons' 
ab"l"ty to m"n"m"ze "nputs wh"le max"m"z"ng output. Performance 
measurement, on the other hand, "s a systemat"c process that evaluates the 
extent to wh"ch an organ"zat"on has ach"eved "ts object"ves; Moull"n (2003) 
def"nes "t as "the evaluat"on of how organ"zat"ons are managed and the value 
they prov"de to customers and stakeholders," wh"le Neely (1999) def"nes 
performance measurement as "the quant"tat"ve measurement of the 
effect"veness and eff"c"ency of past act"v"t"es." Therefore, performance 
measurement encompasses d"mens"ons such as eff"c"ency, qual"ty, and 
susta"nab"l"ty, "n add"t"on to the concept of effect"veness, allow"ng 



İstanbul T+caret Ün+vers+tes+ G+r+ş+mc+l+k Derg+s+ (e-ISSN: 2717-7416)  C+lt: 9  Sayı: 19  Güz, ss: 63-88 

 71 

organ"zat"ons to assess both whether they are do"ng th"ngs r"ght and whether 
they are do"ng the r"ght th"ngs. 

The "ntense compet"t"on and h"gh resource ut"l"zat"on "n the av"at"on "ndustry 
make these concepts even more "mportant. A"rl"nes and a"rports must 
regularly mon"tor "nd"cators such as cost per seat, fuel eff"c"ency, on-t"me 
departure rate, passenger numbers, and occupancy rate to assess the"r 
operat"onal and f"nanc"al performance. Eff"c"ency analys"s "s w"dely used "n 
the academ"c l"terature to evaluate the performance of av"at"on compan"es. 
Data Envelopment Analys"s (DEA), "n part"cular, "s one of the most frequently 
used methods for measur"ng the relat"ve eff"c"ency of a"rl"nes and a"rports by 
cons"der"ng mult"ple "nputs and outputs (Cu" & Yu, 2021). Indeed, Barros and 
D"eke (2008) conducted a comparat"ve analys"s of a"rport eff"c"ency, wh"le 
Merkert and Hensher (2011) demonstrated the "mpact of fleet plann"ng and 
strateg"c management dec"s"ons on a"rl"ne eff"c"ency. Accord"ng to academ"c 
research, such stud"es help the "ndustry make more eff"c"ent use of resources, 
"mprove operat"onal processes, and bu"ld stronger compet"t"veness. 

Data Envelopment Analys"s (DEA) "s a non-parametr"c eff"c"ency 
measurement method based on l"near programm"ng. Th"s method evaluates 
the relat"ve eff"c"ency of s"m"lar dec"s"on un"ts us"ng mult"ple "nputs and 
outputs (Charnes et al., 1978). The foundat"ons of DEA are based on the 
general"zat"on of the eff"c"ency measurement def"ned by Farrell (1957) w"th a 
s"ngle "nput and a s"ngle output. Charnes, Cooper, and Rhodes (1978) 
developed Farrell's approach and "ntroduced the f"rst DEA model under the 
constant returns to scale assumpt"on, known as the CCR model, "nto the 
l"terature (Charnes et al., 1978: 429-444). Subsequently, the BCC model, 
wh"ch takes "nto account var"able returns to scale, was developed by Banker, 
Charnes, and Cooper and added to the l"terature (Banker et al., 1984). 

Wh"le the CCR model measures total techn"cal eff"c"ency w"thout 
d"st"ngu"sh"ng "t from scale effects, the BCC model measures pure techn"cal 
eff"c"ency based on the assumpt"on of var"able returns to scale and reports 
the scale eff"c"ency component separately. In other words, under the CCR 
model, "t "s assumed that the scale returns of un"ts are constant, wh"le under 
the BCC model, var"able returns to scale are accepted (Budak, 2011). 
Constant returns to scale descr"be a s"tuat"on where the rate of "ncrease "n 
"nputs "s equal to the rate of "ncrease "n outputs; "f outputs "ncrease at a h"gher 
rate than "nputs, "t "s "ncreas"ng returns, and "f they "ncrease at a lower rate, "t 
"s decreas"ng returns (Budak, 2011). 

W"th"n the DEA model, the performance of dec"s"on un"ts can be analyzed 
e"ther "nput-or"ented or output-or"ented. Input-or"ented models focus on 
m"n"m"z"ng the "nputs requ"red to ach"eve a spec"f"c output level, wh"le output-
or"ented models focus on how much outputs can be "ncreased w"th ex"st"ng 
"nputs (Uygurtürk & Korkmaz, 2016: 413-414). In other words, "nput-or"ented 
DEA calculates the extent to wh"ch an "neff"c"ent un"t must reduce "ts "nputs to 
ach"eve the same output, wh"le output-or"ented DEA determ"nes the extent to 
wh"ch outputs can be "ncreased w"th ex"st"ng "nputs (Uygurtürk & Korkmaz, 
2016: 414). 
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S"nce the analys"s object"ve of th"s study "s to evaluate the potent"al of G20 
countr"es to max"m"ze the"r outputs w"th the"r ex"st"ng resources "n the av"at"on 
sector, the output-or"ented DEA approach has been preferred. Table 3 
summar"zes the mathemat"cal programm"ng formulat"ons of the CCR and 
BCC models "n "nput/output-or"ented formats. The solut"on of these models 
y"elds a techn"cal eff"c"ency score for each dec"s"on un"t (total techn"cal 
eff"c"ency for the CCR model and pure techn"cal eff"c"ency for the BCC model). 
Add"t"onally, the CCR and BCC scores are compared to calculate the scale 
eff"c"ency value (Cooper et al., 2007). Scale eff"c"ency "nd"cates whether the 
dec"s"on un"t "s operat"ng eff"c"ently at "ts current scale ("f equal to 1, "t "s scale 
eff"c"ent; "f less than 1, "t "s not scale eff"c"ent). 

Table 3. Input  and Output Or5ented CCR and BCC Models 

Equat5on1- Input-Or5ented CCR 
Model  

Equat5on2- Output-Or5ented CCR 
Model 

min 𝑧! = 𝜃 
Constra)nts 

'𝜆"𝑦#" ≥ 𝑦!

$

"%&

 

𝜃𝑥! −'𝜆"𝑥'" ≥ 0
$

"%&

															𝑗 = 1,… , 𝑛; 

𝜆! ≥; 				𝑗 = 1,… , 𝑛; 
𝑟 = 1,… , 𝑠; 				𝑖 = 1,… ,𝑚; 
 

maks 𝑧! = 𝜃 
Constra)nts 

'𝜆"𝑥'" ≤ 𝑥!

$

"%&

 

𝜃𝑦! −'𝜆"𝑦#" ≤ 0
$

"%&

															𝑗 = 1,… , 𝑛; 

𝜆! ≥ 0; 
𝑟 = 1,… , 𝑠; 				𝑖 = 1,… ,𝑚; 
 

Equat5on3- Input-Or5ented BCC 
Model 

Equat5on4- Output-Or5ented BCC 
Model 

min 𝑧! = 𝜃 
Constra)nts 

'𝜆"𝑦#" ≥ 𝑦!

$

"%&

 

𝜃𝑥! −'𝜆"𝑥'" ≥ 0
$

"%&

															 

'𝜆" = 1
$

"%&

 

 
𝜆! ≥; 0; 				𝑗 = 1,… , 𝑛; 
𝑟 = 1,… , 𝑠; 				𝑖 = 1,… ,𝑚; 
 

maks 𝑧! = 𝜃 
Constra)nts 

'𝜆"𝑦#" ≤ 𝑥!

$

"%&

 

𝜃𝑦! −'𝜆"𝑦#" ≤ 0
$

"%&

															 

'𝜆" = 1
$

"%&

 

 
𝜆! ≥; 0;			 
𝑟 = 1,… , 𝑠; 				𝑖 = 1,… ,𝑚; 
 

In a DEA study, def"n"ng dec"s"on un"ts and the"r appropr"ate "nput-output 
var"ables "s a cr"t"cal step before beg"nn"ng the analys"s. Var"ables that serve 
the purpose of the study, have the power to "nfluence performance, and can 
be rel"ably measured for each un"t should be selected (Çınaroğlu et al., 2018). 
Add"t"onally, the number of selected "nputs and outputs must be proport"onal 
to the number of dec"s"on un"ts. The rule proposed by Boussof"ane et al. 
(1991) "s that the number of dec"s"on un"ts should be at least (m + p + 1) or 
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2(m + p)* t"mes the sum of the number of "nputs and outputs. In th"s study, a 
total of s"x "nput and output var"ables, three each, were "ncluded "n the analys"s 
for 18 countr"es. The fact that the number of dec"s"on un"ts "s above the 
recommended m"n"mum level of (3+3)×2 = 12 "nd"cates that a suff"c"ent 
number of observat"ons has been reached for the analys"s and that a su"table 
structure has been prov"ded "n terms of the rel"ab"l"ty of the results obta"ned 
(Boussof"ane et al., 1991: 1-3). 

The study focused on G20 countr"es. However, due to data access l"m"tat"ons, 
Russ"a could not be "ncluded "n the study. Therefore, the analys"s was 
conducted on the other 18 G20 countr"es, "nclud"ng Turkey. The 2023 av"at"on 
sector data for each country was obta"ned from the country reports t"tled 
“Value of A"r Transport” publ"shed by the Internat"onal A"r Transport 
Assoc"at"on (IATA) (IATA, 2023). Three "nput var"ables and three output 
var"ables were used "n the analys"s. The "nput var"ables represent the bas"c 
resources and "nvestments that countr"es have for the"r av"at"on sectors: 
Number of Commerc"al A"rports (total number of commerc"al a"rports of 
c"v"l/"nternat"onal status "n the country), Av"at"on Investment (total 
publ"c/pr"vate "nvestment "n av"at"on "nfrastructure "n the relevant year, "n 
m"ll"ons of US dollars), and Total Number of Employees (total number of 
people employed "n the av"at"on sector, "n thousands). The output var"ables 
reflect the outputs generated by the av"at"on sector "n that country and "ts 
sectoral performance: Annual Passenger Count (total number of passengers 
served at the country's a"rports "n a year, "nclud"ng domest"c and "nternat"onal 
fl"ghts, "n m"ll"ons of passengers), Cargo Transportat"on (annual cargo volume 
transported by a"r, "n thousands of tons), Contr"but"on of Av"at"on to the 
Country's Economy (d"rect + "nd"rect contr"but"on of the av"at"on sector to the 
country's gross domest"c product, "n m"ll"ons of US dollars). These var"ables 
were chosen because they are regularly reported by IATA and ICAO and 
presented "n a standard format for all countr"es. Th"s ensures both data 
rel"ab"l"ty and the ab"l"ty to make sound compar"sons across countr"es. 
Furthermore, the selected "nd"cators al"gn w"th the most frequently used 
metr"cs "n academ"c stud"es on av"at"on eff"c"ency. Of course, other var"ables 
such as fleet s"ze, number of fl"ghts, fuel consumpt"on, or connect"v"ty "nd"ces 
could have been used. However, these data were not chosen because they 
are often not regularly shared, have d"fferent measurement methods across 
countr"es, or have a h"gh degree of overlap w"th the selected "nd"cators, 
lead"ng to mult"coll"near"ty. Therefore, the study was conducted only w"th 
"nd"cators that are regularly and rel"ably presented for all G20 countr"es.The 
def"n"t"ons and scopes of these var"ables are deta"led "n Table 4. 

Table 4. Descr5pt5on of the Input and Output Var5ables Used 5n the Study 

Input Variables Description 

Number of 
Commercial Airports 

 

The total number of civil/international commercial 
airports operating within the country. 

Aviation Investment 
(Million USD) 

 

The total amount of investment made by the country in 
aviation infrastructure and the sector in the given year 
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(expressed in million USD). This includes airport 
construction, expansion, improvement projects, and 
other sectoral support. 
 

Total Number of 
Employees 
(thousand persons) 

 

The total number of personnel directly employed in the 
aviation sector (including airlines, airports, ground 
handling services, etc.). 

Output Variables  
Annual Number of 
Passengers 

 

The number of passengers carried in civil aviation 
within a year in the respective country (including both 
domestic and international flights). (Note: Reported in 
million passengers in IATA reports.) 

Cargo-Mail Transport 
(thousand tons) 

 

The total annual volume of freight and mail transported 
by air in the respective country (including both 
domestic and international services). (Note: Reported 
in thousand tons in IATA reports.) 

Contribution of 
Aviation to the 
Country's Economy 
(Million USD) 

 

The total economic contribution of the aviation sector 
to the country's economy or the direct plus indirect 
contribution to the country's GDP. This value 
represents the economic activity and added value 
generated by aviation. 

Th"s study has certa"n methodolog"cal and scope l"m"tat"ons. F"rst, the 
analys"s "s based solely on IATA's publ"cly ava"lable “Value of A"r Transport” 
data for 2023. Although IATA was contacted for data sets for other years, no 
response was rece"ved, and therefore t"me ser"es compar"sons could not be 
made. The analys"s, conducted over a s"ngle year, does not allow for a sound 
compar"son between the pre- and post-COVID-19 per"ods. Furthermore, 
fluctuat"ons and trans"t"on effects that emerged "n the post-COVID per"od may 
have been reflected "n the results. In add"t"on, desp"te be"ng a G20 member, 
the Russ"an Federat"on d"d not share the necessary data for the relevant year 
w"th IATA and was therefore excluded from the sample. Russ"a's exclus"on 
has resulted "n a s"gn"f"cant player "n the global av"at"on market be"ng left out 
of the assessment and has l"m"ted the "ntegr"ty of the compar"sons. For these 
reasons, the results obta"ned should be v"ewed as a relat"ve assessment and 
should be supported by future research when access to more comprehens"ve 
and mult"-year data sets "s ava"lable. 

The major"ty of the "nput and output var"ables used "n th"s study were obta"ned 
from IATA's country based av"at"on reports. The number of commerc"al 
a"rports "s def"ned by IATA as the total number of a"rports that host at least 
one scheduled fl"ght per week and are open to commerc"al a"r transport. Th"s 
data "s presented under the "commerc"al scheduled fl"ghts" "nd"cator and "s 
based on OAG sources. The total number of employees refers to IATA’s 
def"n"t"on of d"rect av"at"on employment, wh"ch "ncludes a"rl"nes, a"rport 
operators, on-s"te bus"nesses such as ground handl"ng serv"ces, a"r 
nav"gat"on serv"ce prov"ders (ANSPs), and manufacturers. Accord"ngly, 
ground handl"ng and other on-s"te act"v"t"es are also covered "n th"s var"able. 
Annual passenger numbers are def"ned as or"g"n-dest"nat"on (O-D) passenger 
departures w"th"n a country based on IATA's D"rect Data Solut"ons (DDS) 
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database and "nclude both domest"c and "nternat"onal passengers. The data 
represents total passenger departures recorded throughout the year. The 
amount of cargo carr"ed represents the total a"r cargo tonnage pass"ng 
through a country's a"rports and "ncludes all c"v"l a"r cargo, both sent and 
rece"ved. Th"s data "s generally sourced from A"rports Counc"l Internat"onal 
(ACI). The sectoral econom"c contr"but"on var"able "s evaluated solely based 
on the added value d"rectly prov"ded by av"at"on act"v"t"es to the nat"onal 
economy. In IATA reports, th"s value "s presented under the head"ng "d"rect 
econom"c output" and "s often presented along w"th "ts share of the country's 
GDP. Therefore, all data used "n th"s study were selected and "nterpreted "n 
accordance w"th IATA's def"n"t"ons. 

To assess the su"tab"l"ty of the selected var"ables, correlat"ons between "nputs 
and outputs were exam"ned pr"or to the analys"s. Table 5 shows the Pearson 
correlat"on coeff"c"ents between "nput and output var"ables based on 2023 
data. 
Table 5. Correlat5on Coeff5c5ents Between the Input and Output Var5ables Used 

 

The results reveal a pos"t"ve relat"onsh"p between all "nputs and outputs. In 
part"cular, the number of commerc"al a"rports "s h"ghly correlated w"th annual 
cargo volume (r=0.898) and econom"c contr"but"on (r=0.888). S"m"larly, the 
total number of employees "s strongly pos"t"vely correlated w"th cargo 
(r=0.943) and contr"but"on (r=0.774) outputs. Th"s "nd"cates a strong pos"t"ve 
assoc"at"on between a country’s "nfrastructure capac"ty and employment on 
the one hand, and "ts cargo volume and av"at"on value-added on the other. 
However, th"s "s a correlat"on and not a proven causat"on. On the other hand, 
the correlat"on between the av"at"on "nvestment var"able and the number of 
passengers (r=0.113) and econom"c contr"but"on (r=0.179) was found to be 
weaker. The relat"vely low relat"onsh"p between the "nvestment amount and 
outputs can be expla"ned by the fact that the "mpact of "nvestments on output 
product"v"ty takes t"me or that "nvestments made "n some countr"es may not 
y"eld full returns by 2023. Overall, the correlat"on analys"s supports the role of 
the selected "nputs "n the process of produc"ng the relevant outputs; the fact 
that no "nput exh"b"ts a negat"ve or mean"ngless correlat"on w"th the outputs 
"nd"cates that the var"ables selected are appropr"ate for the DEA model. 

The correlat"on coeff"c"ent matr"x for the "nput and output var"ables used "s 
pos"t"ve; "n part"cular, strong relat"onsh"ps are observed between "nputs such 
as the number of a"rports and total employees and outputs such as cargo 
volume and econom"c contr"but"on. Low correlat"on values (e.g., "nvestment 
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and passengers) may "nd"cate that there "s no d"rect relat"onsh"p between the 
relevant var"able pa"rs or that "nd"rect factors are present. 

In th"s study, DEA was appl"ed under both CCR (CRS) and BCC (VRS) 
assumpt"ons, focus"ng on outputs. As a result of the analyses, total techn"cal 
eff"c"ency scores were obta"ned from the CCR model and pure techn"cal 
eff"c"ency scores from the BCC model for each country; add"t"onally, scale 
eff"c"ency was calculated by tak"ng the rat"o of these two values (Cooper et 
al., 2007). The results obta"ned are presented and d"scussed "n deta"l "n 
Sect"on 4. For "neff"c"ent countr"es, reference country analyses based on the 
VRS model and "nput/output-based "mprovement rat"os were conducted. 
Thus, "t was determ"ned where the performance gap of each "neff"c"ent country 
or"g"nated and how much "mprovement was needed "n wh"ch var"ables to 
ach"eve full eff"c"ency. 

3.1. AnalysIs and FIndIngs 
In th"s study, the total techn"cal eff"c"ency values were calculated us"ng the 
CCR model based on the assumpt"on of constant returns to scale, and the 
pure techn"cal eff"c"ency values were calculated us"ng the BCC model based 
on the assumpt"on of var"able returns to scale, "n order to determ"ne the 
relat"ve eff"c"ency levels of G20 countr"es "n the av"at"on sector. The analyses 
were performed us"ng DEAP 2.1 software w"th an output-or"ented model 
structure, and the f"nd"ngs were "nterpreted "n deta"l. 
F"rst, the eff"c"ency scores of the countr"es were calculated to "dent"fy eff"c"ent 
and "neff"c"ent dec"s"on-mak"ng un"ts. The "neff"c"ent countr"es were "dent"f"ed, 
along w"th the we"ght coeff"c"ents, to determ"ne wh"ch eff"c"ent countr"es they 
could use as references to "mprove the"r performance. In the f"nal stage, the 
potent"al "mprovement rates that these countr"es needed to ach"eve at the 
"nput and output levels to reach the eff"c"ency front"er were calculated. 

3.1.1. CountrIes' 2023 EffIcIency Scores 
In th"s analys"s, the eff"c"ency levels of the av"at"on sectors of the G20 
countr"es were calculated us"ng the output-or"ented CCR model (Equat"on 2) 
and the output-or"ented BCC model (Equat"on 4). 

Output-or"ented CCR and BCC models were used "n the act"v"ty analys"s of 
the av"at"on sectors of G20 countr"es. Through these models, the a"m was to 
obta"n the h"ghest level of av"at"on output (annual passenger traff"c, cargo 
volume, and sectoral econom"c contr"but"on) that each country could ach"eve 
w"th "ts current resources ("nputs such as "nvestments, number of employees, 
and a"rport "nfrastructure). The ma"n reason for choos"ng output-or"ented 
models "s that countr"es have l"m"ted control over "nputs such as av"at"on 
"nvestments "n the short term. In add"t"on, var"ables such as the number of 
employees and the amount of "nvestment are cons"dered "nd"cators of a 
country's level of development, and therefore reduc"ng such "nputs "s not 
cons"dered an appropr"ate strategy. Output-or"ented models (Equat"ons 2 and 
4) were preferred "n th"s study, wh"le "nput-or"ented models (Equat"ons 1 and 
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3) were not appl"ed because countr"es have l"m"ted short-term control over 
"nputs such as "nvestments and employment. 

In th"s context, three key eff"c"ency values were cons"dered "n the analys"s: 
total eff"c"ency based on the constant returns to scale assumpt"on (CCR), 
techn"cal eff"c"ency based on the var"able returns assumpt"on (BCC), and 
scale eff"c"ency calculated as the rat"o of these two models (CCR/BCC). Wh"le 
the CCR model measures the overall eff"c"ency of countr"es, the BCC model 
reveals techn"cal eff"c"ency by compar"ng countr"es w"th s"m"lar structures. 
Scale eff"c"ency, on the other hand, makes "t poss"ble to assess whether a 
country manages "ts av"at"on sector "n a structure appropr"ate to "ts scale. 
Thus, the eff"c"ency of each country can be analyzed not only "n terms of 
outputs but also "n terms of the appropr"ateness of the scale at wh"ch "t 
operates. 

Table 6 shows the eff"c"ency (CCR), techn"cal eff"c"ency (BCC), and scale 
eff"c"ency (CCR/BCC) scores of G20 countr"es for 2023 based on f"xed return 
assumpt"ons. Countr"es' eff"c"ency scores range from 0 to 1, w"th 1 "nd"cat"ng 
full eff"c"ency. A country's eff"c"ency score of 1 "nd"cates that "t "s us"ng "ts 
resources most eff"c"ently "n the av"at"on sector and has ach"eved the h"ghest 
poss"ble output w"th the ava"lable "nputs. Th"s means that the country's current 
performance has reached the h"ghest theoret"cal level "t can ach"eve. On the 
other hand, an eff"c"ency score below 1 "nd"cates that the country "n quest"on 
"s not us"ng "ts av"at"on resources at full eff"c"ency and "s fall"ng short of "ts 
potent"al performance level (Avcı and Aktaş, 2017). Th"s s"tuat"on reveals that 
the country "n quest"on has the capac"ty to produce h"gher levels of output 
w"th "ts current "nfrastructure, cap"tal, and labor force, but "s unable to fully 
real"ze th"s potent"al. 

Table 6. DEA Eff5c5ency Results of G20 Countr5es (2023) 

Country CCR BCC CCR/BCC Country CCR BCC CCR/BCC 
Argent5na 0.833 1.000 0.833 Ind5a 0.364 0.584 0.622 
Austral5a 0.487 0.490 0.995 Italy 0.898 1.000 0.898 
Braz5l 0.559 0.676 0.826 Japan 0.729 0.767 0.951 
Un5ted 
K5ngdom 1.000 1.000 1.000 Canada 0.600 0.606 0.990 

Ch5na 0.684 1.000 0.684 Mex5co 0.895 0.903 0.990 

Indones5a 1.000 1.000 1.000 Saud5 
Arab5a 0.684 0.686 0.998 

France 0.998 1.000 0.998 Turkey 1.000 1.000 1.000 
South 
Afr5ca 0.499 1.000 0.499 Germany 1.000 1.000 1.000 

South 
Korea 1.000 1.000 1.000 Un5ted 

States 1.000 1.000 1.000 

When the constant returns to scale eff"c"ency scores (CCR) are exam"ned, "t 
"s concluded that as of 2023, eleven countr"es (the Un"ted States, Germany, 
the Un"ted K"ngdom, Turkey, Ch"na, France, South Korea, Indones"a, 
Argent"na, Italy and South Afr"ca) were fully eff"c"ent "n terms of overall 
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eff"c"ency. Accord"ng to the CCR model, Ind"a was "dent"f"ed as the country 
w"th the lowest overall eff"c"ency score, w"th a value of 0.364. 

Cons"der"ng the var"able returns to scale eff"c"ency scores (BCC), "t "s 
observed that "n the same year, twelve countr"es (the Un"ted States, Germany, 
the Un"ted K"ngdom, Turkey, Ch"na, France, South Korea, Indones"a, 
Argent"na, Italy, South Afr"ca and Japan) were found to be fully eff"c"ent "n 
terms of techn"cal eff"c"ency. Accord"ng to the BCC model, Ind"a had the lowest 
techn"cal eff"c"ency score, w"th a value of 0.584. 

In terms of scale eff"c"ency scores, "t was found that as of 2023, eleven 
countr"es (the Un"ted States, Germany, the Un"ted K"ngdom, Turkey, Ch"na, 
France, South Korea, Indones"a, Argent"na, Italy and South Afr"ca) operated 
at an appropr"ate scale "n the"r av"at"on sectors and therefore ach"eved scale 
eff"c"ency. When scale eff"c"ency scores are taken "nto account, Ind"a "s seen 
to have the lowest scale eff"c"ency w"th a value of 0.622. Th"s s"tuat"on shows 
that Ind"a "s unable to use "ts current av"at"on "nfrastructure "n a structure 
appropr"ate to "ts scale and therefore exper"ences a loss of eff"c"ency "n the 
use of resources. 

Table 7. Eff5c5ency Status of the Countr5es 5n the Study for the Year 2023 

Country Eff5c5ency Status Country Eff5c5ency Status  
Argent5na Eff5c5ent Ind5a Ineff)c)ent 
Austral5a Ineff)c)ent Italy Eff5c5ent 
Braz5l Ineff)c)ent Japan Ineff)c)ent 
Un5ted 
K5ngdom Eff5c5ent Canada Ineff)c)ent 

Ch5na Eff5c5ent Mex5co Ineff)c)ent 
Indones5a Eff5c5ent Saud5 Arab5a Ineff)c)ent 
France Eff5c5ent Turkey Eff5c5ent 
South Afr5ca Eff5c5ent Germany Eff5c5ent 
South Korea Eff5c5ent Un5ted States Eff5c5ent 

Upon exam"n"ng Table 7, "t "s observed that as of 2023, the countr"es that 
ach"eved full eff"c"ency "n the av"at"on sector among the G20 members are the 
Un"ted States, Germany, the Un"ted K"ngdom, Turkey, Ch"na, France, South 
Korea, Indones"a, Argent"na, Italy and South Afr"ca. In contrast, Austral"a, 
Braz"l, Ind"a, Japan, Canada, Mex"co and Saud" Arab"a rema"ned below the 
full eff"c"ency threshold dur"ng th"s per"od. Ind"a, "n part"cular, stands out by 
record"ng the lowest scores across all types of eff"c"ency. On the other hand, 
"t "s understood that countr"es such as Canada, Mex"co and Japan, wh"le 
approach"ng techn"cal eff"c"ency, were unable to fully ach"eve scale eff"c"ency. 

The Un"ted States, South Korea, Germany, and Turkey are among the eff"c"ent 
G20 countr"es. In the Un"ted States, a w"de a"rport network, an open a"rl"ne 
market, and the use of technology have supported econom"es of scale 
(Bazargan & Vas"gh, 2003). In South Korea, government plann"ng and 
"nvestments, such as the expans"on of Incheon, ra"sed eff"c"ency, wh"le 
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support for low-cost a"rl"nes expanded the market (Hong, Cho & Yoon, 2024). 
Germany’s strong log"st"cs system and close l"nk w"th "ndustry also "mproved 
performance (Martí, Martín & Puertas, 2017). Bloom and Van Reenen (2010) 
showed that management pract"ces expla"n many of the d"fferences "n 
product"v"ty between countr"es. In Turkey, large partnersh"p projects, better 
management, and reforms "n regulat"on, together w"th "ts locat"on, have 
helped the country appear as eff"c"ent "n the DEA results. 

Ind"a, Braz"l, Canada, and Austral"a face d"fferent challenges. In Ind"a, fast 
growth "n demand has not been matched w"th enough "nfrastructure and staff, 
so low-cost carr"ers operate more eff"c"ently than full-serv"ce a"rl"nes (Saranga 
& Nagpal, 2016). In Braz"l, more than 50 b"ll"on Braz"l"an Rea"s (BRL) have 
been "nvested "n a"rports, but market use "s st"ll low and many people have 
never flown, wh"ch reduces eff"c"ency (Carvalho, 2025). In Canada, the 
country’s large s"ze, tough weather, and small commun"t"es "n remote reg"ons 
make a"r travel costly and l"m"t compet"t"on (Compet"t"on Bureau Canada, 
2025). In Austral"a, long d"stances and low passenger numbers make "t hard 
for many reg"onal a"rports to operate "n a susta"nable way, wh"ch keeps 
"nvestments from turn"ng "nto h"gher eff"c"ency (N"nesquared, 2024). 

3.1.2. Reference Set and WeIght Values 
In Data Envelopment Analys"s, a reference set "s def"ned for each "neff"c"ent 
dec"s"on un"t. Th"s reference set cons"sts of dec"s"on un"ts that are cons"dered 
relat"vely eff"c"ent "n the analys"s and "s used as an example to enable the 
"neff"c"ent un"t to reach "ts eff"c"ency front"er. Eff"c"ent dec"s"on un"ts are 
ass"gned as references to "neff"c"ent countr"es w"th spec"f"c we"ght 
coeff"c"ents; thus, "t "s determ"ned wh"ch countr"es "neff"c"ent countr"es should 
emulate "n terms of performance structure (Acer & T"mor, 2017: 345). 
However, "t should be noted that the full eff"c"ency of an a"rport does not mean 
that "ts performance "s at an "deal level; "t only "nd"cates that "t has the best 
performance relat"ve to other a"rports "ncluded "n the analys"s (Avcı & Aktaş, 
2016). 

In th"s context, after "dent"fy"ng the "neff"c"ent countr"es "n the analys"s us"ng 
the output-or"ented CCR model (Equat"on 2), an assessment was made of 
wh"ch eff"c"ent countr"es these countr"es should use as references "n order to 
"mprove the"r av"at"on performance and reach the eff"c"ency front"er as 
determ"ned by the output-or"ented BCC model (Equat"on 4). The reference 
countr"es and the ass"gned we"ght values "nd"cate wh"ch dec"s"on-mak"ng 
un"ts' operat"onal structures each "neff"c"ent country should emulate "n order 
to "ncrease "ts techn"cal and scale eff"c"ency. 

Table 8. Reference Sets and We5ght Ass5gnments of the Countr5es 

Inefficient Countries Reference Set and Weight Values 

Australia 

S.Korea (0.727) 
Un)ted States (0.021) 
Argent)na (0.171) 
Un)ted K)ngdom (0.081) 
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Brazil 
Indones)a (0.369) 
Turkey (0.066) 
Un)ted States (0.041) 
Argent)na (0.525) 

India 
S.Korea (0.687) 
Un)ted States (0.092) 
Un)ted K)ngdom (0.221) 

Japan 
S.Korea (0.698) 
Un)ted States (0.087) 
Germany (0.215) 

Canada 

S.Korea (0.108) 
Un)ted K)ngdom (0.349) 
Un)ted States (0.048)  
Argent)na (0.495) 

Mexico 
S.Korea (0.792) 
Argent)na (0.159) 
Un)ted States (0.049) 

Saudi Arabia 
S.Korea (0.769) 
Un)ted K)ngdom (0.148) 
Argent)na (0.083) 

Table 8 presents the reference sets ass"gned to the "neff"c"ent countr"es for 
the year 2023 along w"th the correspond"ng we"ght values. Upon exam"n"ng 
the table, "t "s observed that, for example, Ind"a should take countr"es such as 
South Korea, the Un"ted K"ngdom and the Un"ted States as references "n 
order to ach"eve eff"c"ency. The we"ght values ass"gned to Ind"a "n the relevant 
year are 68.7 percent for South Korea, 22.1 percent for the Un"ted K"ngdom 
and 9.2 percent for the Un"ted States. Th"s "nd"cates that "t would be 
appropr"ate for Ind"a to model "ts operat"onal structure and performance on 
these three countr"es "n order to "mprove "ts techn"cal eff"c"ency. 
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Accord"ng to the "Number of References Used by Countr"es" chart, South 
Korea, Ind"a, and the Un"ted States were the most frequently c"ted countr"es, 
rece"v"ng a total of 6 references. Argent"na follows w"th 5 and Austral"a w"th 4. 
Other countr"es were referenced e"ther 1 or 0 t"mes. 

Among the dec"s"on-mak"ng un"ts analyzed based on th"s data, South Korea 
and the Un"ted States stand out as models for many countr"es "n terms of 
techn"cal and scale eff"c"ency. Th"s "nd"cates that both countr"es exh"b"t h"gh 
performance "n data envelopment analys"s and are frequently "ncluded "n the 
reference set. 

3.1.3. PotentIal Improvement Rates 
Through the Data Envelopment Analys"s (DEA) model, atta"nable 
performance targets are establ"shed for "neff"c"ent dec"s"on-mak"ng un"ts to 
help them reach the eff"c"ency front"er. Potent"al "mprovement rates were 
calculated through output-or"ented DEA models (Equat"ons 2 and 4). These 
target values are referred to "n the l"terature as "potent"al "mprovement" (PI). 
Potent"al "mprovement rates represent the proport"onal change requ"red for a 
g"ven "nput or output var"able to reach "ts targeted level from "ts current state 
(Uzgören and Şah"n, 2013). The formula for calculat"ng potent"al "mprovement 
"s as follows: 

 

Equat"on 5. Potent"al Improvement Rate Formula 

((𝑇𝑎𝑟𝑔𝑒𝑡	𝑉𝑎𝑙𝑢𝑒 − 𝐴𝑐𝑡𝑢𝑎𝑙	𝑉𝑎𝑙𝑢𝑒) × 100)/(𝐴𝑐𝑡𝑢𝑎𝑙	𝑉𝑎𝑙𝑢𝑒) 

 

In order for "neff"c"ent countr"es to reach the eff"c"ency front"er, output var"ables 
w"th pos"t"ve potent"al "mprovement (PI) values must be "ncreased by the 
"nd"cated rates, wh"le "nput var"ables w"th negat"ve PI values must be reduced 
accord"ngly. Th"s means that output "mprovements follow the log"c of the 
output-or"ented models (Equat"ons 2 and 4), whereas "nput reduct"ons 
correspond to the approach of the "nput-or"ented models (Equat"ons 1 and 3). 
If any "nput or output var"able of a country has a PI value equal to zero, th"s 
"nd"cates that no "mprovement "s requ"red for that spec"f"c var"able (Özden, 
2009). 

However, "t "s "mportant to emphas"ze that a un"t be"ng evaluated as eff"c"ent 
(1.000) "n DEA does not mean that "t has the best poss"ble performance "n 
absolute terms. A fully eff"c"ent a"rport "s not necessar"ly operat"ng at an "deal 
performance level, but rather "t exh"b"ts the best relat"ve performance among 
all evaluated un"ts. Therefore, "n an env"ronment where performance levels 
are generally low, a relat"vely better-perform"ng un"t may appear fully eff"c"ent. 
L"kew"se, a un"t w"th the lowest eff"c"ency score should not automat"cally be 
cons"dered a fa"lure "n absolute terms. 

Based on the Potent"al Improvement Rate Formula (Equat"on 5), the target 
values and proport"onal changes for "neff"c"ent countr"es were calculated and 
are presented "n Table 9. 
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Table 9. Target Values and Potent5al Improvement Rates for Ineff5c5ent 
Countr5es 

AUSTRALIA 
Input/Output Var0able Actual Value Target Value Potent0al Improvement 

Rate (%) 
Annual Passengers  17500000 35747000 +104,27% 
Cargo 1000000 3057000 +205,70% 
Contr0but0on to Economy 13100000000 26759530000 +104,96% 
Number of Commerc0al A0rports  161 36 −77,64% 
Av0at0on Investment 3500000000 3500000000 0,00% 
Total Employees  162600 162600 0,00% 
BREZIL 

Input/Output Var0able Actual Value Target Value Potent0al Improvement 
Rate (%) 

Annual Passengers  11100000 16414000 +47,43% 
Cargo 1400000 2070000 +47,86% 
Contr0but0on to Economy 2500000000 26818332000 +972,73% 
Number of Commerc0al A0rports  169 94 −44,38% 
Av0at0on Investment 600000000 600000000 0,00% 
Total Employees  246800 246800 0,00% 
INDIA 

Input/Output Var0able Actual Value Target Value Potent0al Improvement 
Rate (%) 

Annual Passengers  33900000 58015000 +71,19% 
Cargo 3300000 5647000 +71,12% 
Contr0but0on to Economy 5600000000 61816680000 +1003,87% 
Number of Commerc0al A0rports  116 83 −28,45% 
Av0at0on Investment 1200000000 4078549000 70,55% 
Total Employees  369000 369000 0,00% 
JAPAN 

Input/Output Var0able Actual Value Target Value Potent0al Improvement 
Rate (%) 

Annual Passengers  34400000 47786000 +38,96% 
Cargo 4600000 6000000 +30,43% 
Contr0but0on to Economy 20000000000 59073956000 +195,37% 
Number of Commerc0al A0rports  75 75 0,00% 
Av0at0on Investment 5000000000 4313916000 −13,72% 
Total Employees  359000 359000 0,00% 
CANADA 

Input/Output Var0able Actual Value Target Value Potent0al Improvement 
Rate (%) 

Annual Passengers  31600000 52145000 +65,00% 
Cargo 1300000 2864000 +120,31% 
Contr0but0on to Economy 23000000000 37953357000 +65,01% 
Number of Commerc0al A0rports  229 71 −68,99% 
Av0at0on Investment 2000000000 2000000000 0,00% 
Total Employees  265000 265000 0,00% 
MEXICO 

Input/Output Var0able Actual Value Target Value Potent0al Improvement 
Rate (%) 

Annual Passengers  27200000 31805000 +16,91% 
Cargo 1200000 3993000 +232,75% 
Contr0but0on to Economy 33200000000 36746603000 +10,66% 
Number of Commerc0al A0rports  57 51 −10,53% 
Av0at0on Investment 3700000000 3700000000 0,00% 
Total Employees  202000 202000 0,00% 
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SAUDI ARABIA 
Input/Output Var0able Actual Value Target Value Potent0al Improvement 

Rate (%) 
Annual Passengers  28600000 41686000 +45,79% 
Cargo 713000 2600000 +264,25% 
Contr0but0on to Economy 14300000000 20843048000 +45,78% 
Number of Commerc0al A0rports  28 23 −17,86% 
Av0at0on Investment 5000000000 3699260000 −26,01% 
Total Employees  141000 141000 0,00% 

The analys"s results show the target values for "nput and output var"ables for 
"neff"c"ent countr"es and the "mprovement rates requ"red to ach"eve these 
targets "n Table 9. For example, "n order for Austral"a to ach"eve an eff"c"ent 
structure, "t must "ncrease "ts annual passenger numbers from 17.5 m"ll"on to 
35.7 m"ll"on (a 104.3% "ncrease), "ncrease the amount of cargo transported 
from 1 m"ll"on tons to 3.06 m"ll"on tons (a 205.7% "ncrease), and "ncrease 
av"at"on's contr"but"on to the country's economy from 13.1 b"ll"on US dollars to 
26.8 b"ll"on dollars (a 104.9% "ncrease). In contrast, a reduct"on of 
approx"mately 77.6% "n the number of commerc"al a"rports "s recommended. 
These f"nd"ngs "nd"cate that Austral"a needs to central"ze "ts av"at"on 
"nfrastructure and avo"d excess"ve d"spers"on "n order to use "ts current 
resources more effect"vely. 

S"m"larly, compar"sons were made between current and target values for 
Braz"l, Ind"a, Japan, Canada, Mex"co, and Saud" Arab"a, and concrete 
"mprovement recommendat"ons were developed for each country that 
dec"s"on-makers can ut"l"ze. 

4. CONCLUSION and DISCUSSION 
Accord"ng to the f"nd"ngs, 11 out of the 18 analyzed countr"es were found to 
be 100 percent techn"cally eff"c"ent, wh"le 7 countr"es fell below the eff"c"ency 
front"er. For "nstance, the Un"ted States, Germany, the Un"ted K"ngdom, 
Turkey, Ch"na, France, and South Korea all came out as eff"c"ent under both 
models. These countr"es share some common tra"ts, such as strong av"at"on 
"nfrastructure and operat"ng at a scale that allows them to use resources more 
effect"vely than many of the"r peers. Th"s po"nts to a recurr"ng pattern among 
the eff"c"ent countr"es, but "t should not be taken to mean that "nfrastructure 
alone "s the d"rect reason for the"r eff"c"ency. On the other hand, countr"es 
such as Austral"a, Braz"l, Ind"a, Japan, Canada, Mex"co, and Saud" Arab"a 
have performed poorly "n certa"n output var"ables and fallen below the 
eff"c"ency front"er. 

Our f"nd"ngs are close to earl"er stud"es. Tunç et al. (2024) found that b"g 
econom"es l"ke the Un"ted States worked at full eff"c"ency, and "n our results 
the Un"ted States and South Korea also stand out. Martí et al. (2017) po"nted 
out that countr"es w"th better log"st"cs systems perform better, wh"ch f"ts w"th 
our f"nd"ng that Germany, the UK, and Ch"na are fully eff"c"ent. 

For Turkey, past research also supports our conclus"on. Koçak (2011) and 
Avcı & Aktaş (2016) found that several Turk"sh a"rports worked eff"c"ently, 
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wh"le Yılmaz et al. (2022) underl"ned the role of external factors. These stud"es 
help expla"n why Turkey as a whole "s fully eff"c"ent "n our analys"s. 

There are some d"fferences too. Mhlanga (2020) found problems w"th South 
Afr"ca’s state a"rl"nes, but our results show the country as fully eff"c"ent, 
probably due to changes after the pandem"c. In Ind"a, Saranga & Nagpal 
(2016) found only low-cost a"rl"nes were eff"c"ent; we also class"f"ed Ind"a as 
"neff"c"ent overall. 

In general, our study conf"rms the ma"n patterns seen "n earl"er work. Where 
results d"ffer, th"s "s mostly because of d"fferent years, methods, or var"ables 
used. 

An analys"s of the reference sets created for "neff"c"ent countr"es revealed that 
South Korea was the most frequently c"ted reference. Th"s suggests that 
South Korea serves as a benchmark for many countr"es "n terms of both 
techn"cal and scale eff"c"ency. Furthermore, the spec"f"c "nput and output 
var"ables requ"r"ng "mprovement "n the "neff"c"ent countr"es were "dent"f"ed 
through potent"al "mprovement rates. In part"cular, substant"al "mprovements 
were found to be necessary "n var"ables such as a"r cargo volume and 
av"at"on’s contr"but"on to the nat"onal economy. 

One notable f"nd"ng of the study "s that the BCC model class"f"ed more 
countr"es as eff"c"ent compared to the CCR model. Th"s outcome "nd"cates 
that the assumpt"on of var"able returns to scale reflects structural d"fferences 
among countr"es more flex"bly. Nevertheless, "t should be acknowledged that 
the concept of eff"c"ency "s contextual, and d"fferent results may emerge "f the 
set of dec"s"on-mak"ng un"ts "ncluded "n the analys"s changes. 

In th"s regard, future stud"es may focus on more spec"f"c components of the 
av"at"on sector (such as a"r cargo only, domest"c passenger transport only, or 
staff product"v"ty) to conduct more targeted eff"c"ency analyses. Add"t"onally, 
where data ava"lab"l"ty perm"ts, "t "s recommended to conduct long"tud"nal 
comparat"ve analyses and exam"ne product"v"ty changes over t"me us"ng the 
Malmqu"st "ndex method. 

The f"nd"ngs obta"ned from th"s research are expected to prov"de valuable 
"ns"ghts for shap"ng av"at"on pol"c"es "n G20 countr"es, restructur"ng 
"nfrastructure "nvestments and develop"ng output-enhanc"ng strateg"es. In 
part"cular, by adopt"ng the structural character"st"cs of the eff"c"ent countr"es 
they are referenced to, the "neff"c"ent countr"es may take strateg"c steps that 
can contr"bute s"gn"f"cantly to "mprov"ng the eff"c"ency of the"r nat"onal av"at"on 
sectors. 

DEA "s a tool that measures relat"ve eff"c"ency and compares countr"es, but "t 
does not expla"n cause and effect. A country w"th a score of 100 percent "n 
th"s study "s s"mply perform"ng better than the other G20 countr"es "n how "t 
turns "nputs "nto outputs. Th"s does not mean the country has reached a 
perfect level or that one spec"f"c pol"cy d"rectly caused the result. DEA only 
shows wh"ch countr"es are on the eff"c"ency front"er based on the ava"lable 
data. For th"s reason, eff"c"ency scores and correlat"ons should not be seen 
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as proof of causat"on. Ment"ons of pol"c"es or pract"ces can be treated as 
poss"ble explanat"ons or start"ng po"nts for further research, not as f"nal 
conclus"ons. Overall, the results show wh"ch countr"es are eff"c"ent, but they 
do not expla"n the reasons beh"nd "t. Understand"ng those reasons would 
requ"re more deta"led stat"st"cal and emp"r"cal stud"es. 

The DEA f"nd"ngs of th"s study show that eff"c"ent countr"es stand out due to 
strong "nfrastructure, scale su"tab"l"ty, and the ab"l"ty to convert resources "nto 
h"gher passenger, cargo, and econom"c outputs. In contrast, "neff"c"ent 
countr"es face constra"nts such as low cargo and econom"c performance, 
m"smatches between "nfrastructure and demand, and scale "neff"c"enc"es. 
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