
Forecasting Airport Demand in the Fukuoka FIR based 
on a Traffic Growth Forecast from 2013 to 2030
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• Analyse	future	air	traffic	demand	in	Fukuoka	in	2030	as	part	of	

research	into	Trajectory-Based	Operations.

¹ÁĤıĕ¿�hRĲTBOĳøËíą��ù�ÅõìóÜFrù
ATM�4ĉ^eíąïĂÜ2030Qù�KFIRù
¾Óĉ��
íąÝ

• Identify	potential	bottlenecks,	capacity	shortfalls.

ĦĜĬğęĐÜÓæDÇĉ·ãą�\&ûkÊN�ĉ�Bí
ąÝ

• Look	at	broad	future	airport	demand	(runway	capacity,	arrivals	

and	departures).

êù�ªôúÜFrù��ÓĲ
¾ÇÜ�¶¸DÇĳĉ��í
ąh}ĉ��íąÝ
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• Busiest	eight	airports	in	Fukuoka	FIR

�KFIR�ôlă
¾Çæ9áĸñù��

Airport	/	�� ÆMİ/1 2013Q
¾Ç

RJTT/HND Tokyo	International	(Haneda)				s�İËs 403,242

RJAA/NRT	Narita	International																					s�İËs 223,388

RJFF/FUK	Fukuoka																																											�K 170,640

ROAH/OKA	Naha																																													Ä®İ{¦ 147,302

RJOO/ITM	Osaka	International	(Itami)								:ÌİË¬ 136,132

RJCC/CTS	New	Chitose	International											qOİ$~Á 134,312

RJBB/KIX	Kansai	International																						:ÌİË¬ 131,930

RJGG/NGO	Chubu	Centrair	International			+(Iİ�Å 88,578

(C)	2017	ENRI 3�17-Ò>¨}��\�ª�
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Simplest	way	to	forecast	annual	airport	traffic

QÊ
¾Çù��h}

– Take	1	year	historical	data.							
ĵQÊù��
¾±È

– Categorise flights	by	region.
ĢĪčĜĉ.��õ/1�.Ï�ø�Ùíą

–Multiply	numbers	of	flights	by	regional	growth	factors	and	sum.

/1�ù�X
¾Ç5"�ĉcéó*°ĉ'ą

But needs	complete	traffic	data

)��ù²�±ÈW3æT
– Our	historical	data	were	missing	February.

2013Qù±Èĉ��Ĳ2m�ùěıėw=ĳ

– No	data	on	VFR	traffic.

VFRĢĪčĜøËíąW3ú÷á

We	needed	an	alternative	method	based	on	incomplete	data

�A�÷ěıėåĄ��ôçąh}æTôàą
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jp�jp 1.06

jp��. 1.92

jp�Ô. 1.86

jp�$� 1.74

...



�A�÷ěıėåĄù��Ó��h}

1. Historical	data	(flight	data)	baseline	(2013)

2013QùÚ©±ÈĉĤıĕĪčįõíą
– Take	two	scenario	days:	summer	and	winter	schedule	seasons.

	ñùĔĞīďjĉÃüÝĲ�õ7ù@�ĳ

– Assume	these	days	are	average.

ĔĞīďjù
¾ÇĉP0�õXBíą

2. Apply	traffic	growth	model	to	baseline	to	create	2030	scenarios	

ĤıĕĪčįø
¾5"ĩěĬĉÂ�ìÜ2030QĔĞīďĉ�Z

3. Estimate	annual	traffic	by	extrapolating	scenario	days.

ĔĞīďjù
¾ÇåĄQÊ
¾Çĉ8b
– Correct	for	“missing”	VFR	traffic.

Cěıėõùzºô_éóáąVFR
¾Çĉ��Ü«xíą

�17-Ò>¨}��\�ª� (C)	2017	ENRI 5
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• FDMS	data: all days in 2013, 2014, 2015 except 2013/2.	(JCAB)

FDMSùåĄùÚ©W3:	2013Q�2015QĲ2013/2ĉÍèĳ
– IFR	flight	information	only

IFRĢĪčĜùĀùW3ĲVFRĉÍèĳ

– Includes	ATD,	ATA	at	Japanese	airports

jpù��øäéą��k Ü��k ĉ,ā

• Annual	landing	statistics	for	each	airport	(JCAB)

)��ùQÊ�Î-gĲ¨�H �ª¢°ěıė �����|ĳ

• 2013-2030	traffic	growth	forecast	(JCAB	/	NILIM	/	ICAO)

2013�2030
¾Ç5"��Ĳ¨�HÜ.¥�ÜICAOĳ

(C)	2017	ENRI 6�17-Ò>¨}��\�ª�

FDMS:	Flight	Data	Management	System



ĔĞīďåĄQÊ
¾Ç��

• Select	IFR	flight	data	for	two	days	in	summer	&	winter	seasons	with	no	

significant	WX

ĤıĕĪčįùĵQåĄ¿�ø&þíV;ùSÕæG÷á	ñùjĲ7
õ�ĳùIFRÚ©W3ĉÃ`íąÝ
– w2013 =	11	Jan	2013	

– s2013 =	6	Sep	2013.

• Annual	traffic	estimate						Test =	365/2	(	w +	s )
��QÊ
¾Ç

• Actual	traffic	counts										Tact =	2	L (L =	�Îg)

CQÊ
¾Ç

• Assume	difference	between	Tact and	Test mainly	due	to	VFR	traffic.	Correct	

for	VFR	traffic	by	comparing	estimates	with	actual	landing	statistics.

Tactõ TestùL�úýõĊöVFRĢĪčĜôàąêõĉXBìÜ
QÊ
¾Ç��ù«xø��íąÝ
– Error	e =	Tact – Test
– Apply	“VFR	correction”	if			|e|	>	5%

(C)	2017	ENRI 7�17-Ò>¨}��\�ª�
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Comparison	of	annual	traffic	estimated	from	2	scenario	days	vs.	actual	traffic

ĔĞīďù	jåĄ��QÊ
¾ÇõCQÊ
¾Çùzº
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2013	Test and	Tact
w2013 11	Jan			s2013 6	Sep	

2015	Test and	Tact
w2015 9	Jan				s2015 4	Sep

Significant	errors	(>5%):

RJBB	7.1%		RJFF	-7.6% RJOO	-5.1%		ROAH	-18.2%

Significant	errors	(>5%):

RJFF	-5.9%	 ROAH	-15.4%

Comparing IFR	flight	records	versus	landing	statistics	for	all	days	in	2014,	2015	show	RJFF	and	

ROAH	have	significant	VFR	traffic:	RJFF	~6.6%		ROAH	~18.5%

QÊ�ÎgõIFRÚ©±ÈùzºåĄÜRJFFõROAHøäéąVFRĢĪčĜùz�ú5%��ôàą

(C)	2017	ENRI 8�17-Ò>¨}��\�ª�
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• From	2013	– 2030	in	Fukuoka	FIR.
�KFIRøäéąÜ2013�2030ù
¾5"�

• Aggregate	countries	as	Regions,	forecast	inter-regional	growth	factors.

.�
¾Ü/1İ.ĥċÊyù
¾ù5"�ĲĢĪčĜùgĳ
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Overflights
• Domestic	growth	relatively	flat	(<10%)

.�5"� ĵ!��
• International	traffic	grows	~80%

.Ï5"� �8!
• Overflight	traffic	grows	~70%

��¾À�ù5"��7!

• Long-range	macroscopic	forecast	based	on	economic	growth.			

 ��Jø2òáïÉnħĐĮ���Ý
• Models	service	frequencies	(number	of	flights)	between	regions	taking	fuselage	downsizing	and	Low	Cost	Carrier	

growth	trends	into	account,	but	uses	existing	(2013)	aircraft	types.

/1ÊùĢĪčĜgù5"�ĩěĬÝ¨�vùDÇù6#ĜĭįĝÜLCC5"ùĜĭįĝĉ,āÝ
• Based	purely	on	inter-regional	traffic	growth	factors,	not	airport	pairs.	Traffic	keeps	to	existing	(2013)	routes.

Additional	growth	traffic	between	2013	and	2030	distributed	evenly	between	all	2013	airport	pairs.

��ĥċİĔĚČıĥċÊù
¾ôú÷èÜ/1ĥċÊyù
¾5"�Ý

¾5"úi?ù��ĥċø�fëĆąÝ

(C)	2017	ENRI 9�17-Ò>¨}��\�ª�
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/1ĥċ (Rorg,	Rdest)	ù 2013åĄ2030Qù5"� =		c(Rorg,	Rdest)

From	a	baseline	scenario	set	of	flights	S,	derive	forecast	scenario	S’	by	the	following	

procedure:	(“Clone	and	shift”)

ĤıĕĪčįĔĞīď S	åĄ��ĔĞīď S’	ĉ��ùh}ô�Z

•)/1ÊĢĮı F(RA,RB)øEìóÜĤıĕĪčįù
¾Çõ5"�åĄ��
¾Çĉ°�

•��
¾Çĉ�ïíïĂÜ F(RA,RB)åĄĪįĘĨøĢĪčĜĉĒġıìÜ��İ��k ĉĪįĘĨ
ô+/-ĶĴ�ÿôîĄìóÜ��ĔĞīďS’ø½"Ĳ”Clone	and	shift”)

1. For	each	region	pair	(RA,	RB),	take	the	set	of	flights	from	RA to	RB	as	

F(RA,RB)	=	{f1,	f2,	… fn }� S	

2. Obtain	the	number	of	flights	n’	in	corresponding	forecast	scenario	F’(A,B)		as		
n’	=	ceil(n .	c(RA,RB))

where	ceil(x)	is	the	smallest	integer	greater	than	x.
3. Set	the	initial	set	of	flights	F’(RA,RB)	� S’	to	F

4. Repeat	the	following	process	(n’	– n)	times:

i. Select	flight	fk from	F(RA,	RB)	where	k =	rand(0,	q)			
where	rand(0,	q)	gives	a	random	integer	in	the	interval	(0,	q)

ii. Create	flight	f’	=	shift(fk,	rand(-20,	20))	

where	the	shift(q)	function	moves	the	arrival	and	departure	times	of	a	flight	by	qminutes

iii. Add	the	flight	f’	to	F’(RA,	RB)

(C)	2017	ENRI 10�17-Ò>¨}��\�ª�
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• “Clone	and	shift” selected	to	preserve	traffic	“peaks”.	

Assume	that	times	of	traffic	peaks	will	not	change.

+/-20�ùÞclone	and	shiftßù��ú
¾ÞġıĐßĉ¤aí
ąïĂÝġıĐæ6ĈĄ÷áõXBÝ

• Because	each	forecast	scenario	S’ is	randomly	generated,	

create	50	scenarios	and	take	the	average.

��ĔĞīďS’úĪįĘĨô�ZíąïĂÜķĴĔĞīďù
ĖęĜĉ�ZìÜ¡uùP0ĉ'ąÝ

(C)	2017	ENRI 11�17-Ò>¨}��\�ª�
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Test(2013)	and	Test(2030)	annual movements

(not	corrected	for	VFR	traffic)

• Domestic	traffic	hardly	changed,	international	traffic	grows	strongly.			

.��ù
¾ÇúýõĊö6ĈĄ÷áÝ.Ï�ù�æÛá��ù
¾Çú:çè5"íą¯»ĀÝ
• Largest	percentage	increases	at	RJAA,	RJBB	and	RJTT.

Airport	Test(2013)		Tact(2013)			Err						Test(2030)		Corr.		Tpred(2030)			Growth

RJAA						228,308						233,388				2.2%		383,980					0												383,980								72%

RJBB						141,255						131,930			-7.1%		223,198					-7.1%				216,641								64%

RJCC							137,780					134,312			-2.6%		148,738					0												148,738								11%

RJFF							157,681						170,640				7.6%		183,595					+7.6%				197,548							16%

RJGG								86,505								88,578				2.3%		116,983					0												116,983								32%

RJOO						129,210						136,132			5.1%			136,510				+5.1%				143,472									5%

RJTT								395,113						403,242			2.0%			448,403				0												448,403								11%

ROAH					120,450						147,302			18.2%	135,233				+18.2%		159,845									9%

Tact(2013)	and	Tpred(2030)	annual movements

(corrected	for	VFR	traffic)
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Airport			2013Ö� 2030	Ö� Growth

RJTT						403,242	(1)				448,403			(1-)							11%

RJAA					223,388	(2)				383,980		(2-)								72%

RJFF						170,640	(3)				197,548		(4↓)					16%

ROAH				147,302	(4)			159,845		(5 ↓)						9%

RJOO				136,132	(5)				143,472		(7 ↓)							5%

RJCC					134,312	(6)				148,738		(6-)								11%

RJBB					131,930	(7)				216,641		(3↑)					64%

RJGG					88,578	(8)					116,983		(8-)								32%

(C)	2017	ENRI 12�17-Ò>¨}��\�ª�
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• Plot	histograms	of	arrivals	and	departures	at	60-minute	intervals.

��k õ��k ùĠĕĜđĪĨĉ�Z

• Assume	baseline	scenario	days	are	typical.ĲJudge	by	looking	at	difference	between	
scenario	and	median	traffic	over	the	season.ĳ
ĤıĕĪčįĔĞīďùjúÞP0ßõXB
ĲĔĞīďjù
¾ÇõĤıĕĪčįQù)@�ù�j
¾Çù�<�ĉzºĳ
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• Compare	averages	of	50	random	forecast	scenarios	with	2013	scenarios.

2030Qù50ĔĞīďùP0ĠĕĜđĪĨĉ2013QĔĞīďĠĕĜđĪĨõzº
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• Look	at	peak	hourly	movements,	arrivals.

ġıĐĵkÊùÐ��õ��
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2013Q 2030Q
Airport		Mvmts	Arrivals					Mvmts								Arrivals

RJAA									63										46										101	(+38)				74	(+28)

RJBB									36											23											59	(+23)					39	(+16)

RJCC									33											18											36	(+3)							19	(		+1)

RJFF										40											20											46	(+6)							24	(	+4)

RJGG								23											16											34	(+11)					25	(	+9)

RJOO								38											20											39	(	+1)						20	(	- )

RJTT										78											41										88	(+10)						46	(	+5)

ROAH							35											20											39	(	+4)							22	(	+2)
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Note: Based on 2013 forecast information.
Actual 2016 traffic grew	more than expected!
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• Forecast airport traffic growth based on historical data (flight

scenarios) and a traffic growth model.

ĤıĕĪčįùQùÚ©ěıėõ
¾5"�ù��åĄ��

¾Çõ�¶¸Óĉ��

• Estimated annual traffic from two scenario days (winter and

summer schedule periods).

ĵQÊù
¾ÇĉĶñùĔĞīďjĲ7õ�ĳåĄdB

• Estimated demand peaks from traffic scenarios	by	histograms.

�¶¸ÓĉĠĕĜđĪĨåĄdB
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• Depends	on	choice	of	scenario	days	(how	close	to	”typical”)

QÊ
¾Ç��úĔĞīďjæöĆèĄáÞP0ßø¼áåø�?

• Our	growth	model	distributes	additional	traffic	between	existing	city	pairs;	i.e.	

growth	traffic	distributed	equally	between	airports.	Does	not	model	future	

traffic	redistribution	between	airports	as	a	result	of	competition,	active	

growth	promotion	or	government	policy.	

��ĔĞīďù�Zh}úi?ù��ĥċÊù
¾5"ĉ�fíąÝ
��ùÊù��Ü
¾[�÷öùSÕĉ§Yì÷áÝ

• Might	be	useful	as	a	“check”	for	other	forecasts.

ù��ù*�Uù�³ùïĂø�ãąðćâÝ
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Det	er	vanskeligt	at	spaa,	især	naar	det	gælder	Fremtiden.
It	is	difficult	to	make	predictions,	especially	about	the	future.

Þ��íąêõúÑìáÝ�øorúÝß

-- Remark	to	Danish	parliament,	1937-1938



RJAA
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• Main	int’l	gateway	to	Japan,

2nd busiest airport

• 2	runways	(4,000m,	2,500m)

• 3	terminals	(one	new)

• 72%	growth	from	

223,388/year	(2013)	to	

~384,000/year!

• Competition	from	RJTT	for	

international	traffic.

• Movements	capped	at	

68/hour	by	local	agreement	

but	will	need	>100/hour	by	

2030.	

• Proposals	to	construct	3rd	

runway.	

• Need	more	stands.



RJTT
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• Main	domestic	hub,	busiest	airport	in	Japan.

• Increasing	int’l	traffic.

• 24-hour	operations.

• 4	dependent	runways,	3	terminals.

• 11%	growth	from	403,242/year	(2013)	to	

~448,000/year.
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ArrivalsSummer	2013 Summer	2030 • Demand	during	day	almost	

constant.	~80/hour	in	2013	

to	~90/hour	in	2030.



RJAA vs. RJTT
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RJTT-Tokyo

9nm

30-40	min	(rail)

RJAA-Tokyo

34nm

60-90	min	(rail)

• Active promotion of international growth	at	RJTT,	in	competition	with	RJAA.

• RJTT more convenient for Tokyo,	Yokohama	&	Kawasaki	but	maybe	not	overwhelmingly	so.

• Fewer	international	flights	to	RJTT	than	RJAA	and	limited	international	terminal	capacity	but	24-hour	op.

• Fewer	domestic	connections	to	RJAA	than	RJTT	but	more	international	connections	between	Asia-N.	America.

2016:	RJTT	capacity	has	
failed	to	keep	up	with	
international	traffic	
demand.



RJOO
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• Domestic	hub	for	Osaka/Kansai	region.

• Int’l	traffic	moved	to	RJBB	in	1996.

• 07:00-21:00.

• 2	runways	(3,000m	+	1,800m).

• 5%	growth	from	403,242/year	(2013)	

to	~448,000/year	(2013).

• Expansion constrained by built-up

areas.

• Peak	demand	in	

morning	(~40/hour)	

hardly	changes	



RJBB
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• Int’l	hub	for	Osaka/Kansai	region.

• Artificial	island. Can create more

surface by land reclamation.

• 24-hour	ops.

• 2	runways	(3,800m	+	4,000m).

• 64%	growth	from	131,930/year	(2013)	

to	~217,000/year	(2030).

• Peak	demand	at	10:00-

11:00	JST	grows	from	

~36/hour	to	~60/hour.	

Around	1/3	departures,	2/3	

arrivals.



RJOO vs. RJBB
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RJTT-Osaka	centre

6nm

35-40	min	(rail	to	Shin-Osaka)

RJTT-Osaka	centre

20nm

70-85	min	(rail	to	Shin-Osaka)

• RJBB	opened	in	1994	to	relieve	

RJOO,	which	was	then	supposed	

to	close.

• RJOO	remains	open	partly	due	to	

sheer	convenience.

• RJOO	now	domestic,	RJBB	mainly	

international.

• Increasing	growth	at	RJBB	driven	

by	Asian	LCCs.



RJCC
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• Serves	Sapporo	(largest	city	on	

Hokkaido).

• 24-hour	ops.	but	night	restrictions	

(6	flights/day	between	22:00	and	

07:00)	

• 2	runways	(3,000m	+	3,000m).

• 11%	growth	from	136,132/year	

(2013)	to	~149,000/year	(2030).

RJCC

RJCJ	(Chitose	Air	Base	- Japan	Air	Self	Defense	Force)
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Departures
ArrivalsSummer	2013 Summer	2030 • Runway	demand	more	or	

less	constant	from	08:00	to	

20:00.

• Peak	demand	at	14:00-

15:00	hardly	changes.	

<40/hour.



RJGG
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• Serves	Nagoya/Chubu	region.

• Artificial	island. Intended	to	alleviate	

RJNA.

• 24-hour	ops.

• 1	runway	(3,500m).

• 32%	growth	from	88,578/year	(2013)	

to	~117,000/year	(2030).

 0

 10

 20

 30

 40

 50

00
00

01
00

02
00

03
00

04
00

05
00

06
00

07
00

08
00

09
00

10
00

11
00

12
00

13
00

14
00

15
00

16
00

17
00

18
00

19
00

20
00

21
00

22
00

23
00

Departures
Arrivals

 0

 10

 20

 30

 40

 50
00

00
01

00
02

00
03

00
04

00
05

00
06

00
07

00
08

00
09

00
10

00
11

00
12

00
13

00
14

00
15

00
16

00
17

00
18

00
19

00
20

00
21

00
22

00
23

00

Departures
ArrivalsSummer	2013 Summer	2030 • Morning	peak	10:00-11:00.

• Peak	demand	changes	from	

~25/hour	to	~35/hour.	

Easily	within	runway	

capacity.



ROAH
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Departures
ArrivalsSummer	2013 Summer	2030 • Midday	peak	13:00-14:00	

grows	from	~35/hour	to	

~40/hour.

• Does	not	include	VFR	(~20%	

of	traffic).

• Serves	Naha	city	and	hub	for	

Ryukyu	archipelago.

• Civil/SDF	base.

• 24-hour	ops.

• 1	runway	(3,000m)	+	1	planned.

• 4	terminals:	domestic	(1999),	LCC	

(2012),	International	(2014),	Cargo	

(2009).	

• 9%	growth	from	147,302/year	

(2013)	to	~160,000/year	(2030).

Active	expansion	plans	including	international	cargo	hub	not	included	in	this	projection.



RJFF
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• Largest	airport	on	Kyushu,	serving	

Fukuoka.

• 07:00-22:00.

• 1	runway	(2,800m)	+	1	planned	

(closely-spaced,	dependent).

• Expansion	difficult	as	constrained	

by	built-up	areas	and	limited	space	

within	existing	boundaries.

• 2	terminals:	domestic,	int’l,	plus	

SDF	base.	

• 16%	growth	from	170,640/year	

(2013)	to	~198,000/year	(2030).
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Departures
ArrivalsSummer	2013 Summer	2030 • Evening	peak	grows	from	

~40/hour	to	~46/hour	

(winter).

• Does	not	include	VFR	(~6%	of	

traffic).



RJFF vs. RJFR

�17-Ò>¨}��\�ª� (C)	2017	ENRI 30

RJFF-Hakata	station

1.5nm

6	min	(metro)

RJFR-Hakata	station

34nm

120	min	(40min	bus,	80min	train)

• RJFF	is	extremely	convenient	(<10	

mins	to	city	centre)	but	expansion	is	

highly	constrained.

• Building	another	offshore	airport	

costly	and	environmental	problems.

• Capacity	exists	at	RJFR	but	current	

journey	times	too	great	to	attract	

RJFF	traffic.


