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Abstract	

The	 network	 reserve	 system	 for	 disaster	 relief	materials	 is	 the	 key	 guarantee	 for	
reserving	disaster	relief	materials.	In	order	to	improve	this	reserve	system	for	disaster	
relief	materials	and	make	an	efficient	 response	 to	 the	 interference	 in	 the	process	of	
material	 support	 for	 sudden	disasters,	 this	paper	has	 an	 analysis	 the	uncertainty	 of	
natural	 disasters	 according	 to	 this	 system,	 and	makes	 a	 comprehensive	 contrast	 to	
structural	characteristics	both	of	hub‐and‐spoke	network	and	spider‐web	network.	As	a	
result,	it	puts	forward	a	mixture	network	structure	of	reserve	system	for	disaster	relief	
materials	combining	hub‐and‐spoke	network	with	spider‐web	network,	so	as	to	provide	
theoretical	 basis	 and	 decision	 support	 for	 the	 comprehensive	 implementation	 of	 a	
scientific,	effective,	perfect	and	reliable	reserve	network	for	disaster	relief	materials.	
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1. Introduction	

In	recent	years,	a	lot	of	public	emergencies	such	as	earthquakes,	floods,	snowstorms,	terrorist	
attacks	and	factory	explosions	occurred	frequently,	which	makes	huge	losses	at	casualties	and	
property	all	over	the	world.	As	one	of	the	countries	that	are	most	seriously	affected	and	suffered	
by	public	emergencies,	China	is	facing	arduous	tasks	in	disaster	prevention	and	relief.	In	the	
face	of	 complex	 and	 severe	disaster	 situations,	 emergency	 supplies	 that	 should	be	 effective	
safeguarded	plays	a	significantly	essential	role	in	the	efficiency	and	effect	of	disaster	emergency	
treatments,	 while	 a	 scientific	 and	 reasonable	 reserve	 approach	 to	 emergency	 supplies	 is	 a	
predominant	 prerequisite	 to	 improve	 the	 efficiency	 of	 emergency	 supplies.	 Therefore,	 a	
scientific	and	efficient	 reserve	network	of	disaster	 relief	materials	 lay	a	 sound	basis	 for	 the	
work	of	post‐disaster	material	supports.		
Since	Zhangbei	Earthquake	happened	in	1998,	The	Ministry	of	Civil	Affairs	and	The	Ministry	of	
Finance	have	jointly	issued	a	file	titled	as	A	Notice	on	The	Establishment	of	National	Reserve	
System	for	Disaster	Relief	Materials,	in	order	to	set	up	a	national	reserve	system	for	disaster	
relief	materials.	Meanwhile	eight	national	reserve	repositories	for	disaster	relief	materials	were	
established	in	Tianjin,	Shenyang,	Zhengzhou,	Wuhan,	Changsha,	Guangzhou,	Chengdu	and	Xi	
'an.	 After	 several	 times	 of	 construction	 and	 adjustment,	 the	 number	 of	 national	 reserve	
repositories	for	disaster	relief	materials	has	gradually	increased	from	initially	8	to	18	in	2014,	
and	some	provinces	(autonomous	regions	and	municipalities	directly	under	the	government),	
prefectures	and	counties	all	have	set	up	the	reserve	sites	provided	for	disaster	relief	materials.	
In	this	way,	the	national	reserve	network	for	disaster	relief	materials	has	basically	formed[1].	
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2. Comparison	Two		Reserve	Network	Structure	for	Disaster	Relief	
Materials	

2.1. Hub‐and‐spoke	Network	Structure	for	Disaster	Relief	Materials	
The	reserve	structure	for	emergency	materials	plays	a	significantly	critical	role	in	the	reliability	
of	the	reserve	network	for	emergency	materials.	As	a	matter	of	fact,	there	are	few	studies	on	
the	mode	of	domestic	reserve	network	for	emergency	supplies.	Ge	Chunjing	[2]	et	al.	pointed	
out	 in	 his	 study	 that	 the	 conventional	 reserve	 sites	 for	 emergency	 supplies	were	unable	 to	
effectively	meet	the	demands	for	materials	when	there	was	a	major	natural	disaster.	According	
to	that	fact,	that	study	comes	up	with	a	hub‐and‐spoke	network	reserve	system	for	emergency	
supplies,	 and	 it	 has	 a	 systematic	 analysis	 on	 the	 operational	 process	 of	 this	 hub‐and‐spoke	
network	system.	Another	researcher,	Lu	Ying	[3]	et	al.	put	forward	the	P‐median	deployment	
model	 and	 the	 Maximum	 Covering	 Location	 pattern	 based	 on	 the	 hub‐and‐spoke	 reserve	
network	system	for	emergency	supplies.	However,	it	was	a	pity	that	that	study	did	not	take	into	
consideration	 the	 impact	of	 the	reserve	amount	on	 the	reserve	network.	As	 far	as	what	has	
noted	above,	these	reserve	network	systems	for	emergency	supplies	are	built	on	the	basis	of	a	
hub‐and‐spoke	model,	which	is	originally	developed	from	the	aviation	network	system	in	the	
United	 States.	 Nowadays	 it	 is	 a	 dominant	 network	 system	 adopted	 by	 airlines	 in	 some	
developed	countries,	as	shown	in	Figure	1.	Most	of	the	nodes	in	the	hub‐and‐spoke	network	are	
likely	to	interact	with	one	or	a	few	hub	nodes	in	the	network	in	order	to	realize	the	delivery	of	
goods,	human	beings	and	services.		
	

	
Figure	1.	Hub‐and‐spoke	Network	Structure	

	
According	to	the	structural	characteristics	of	hub‐and‐spoke	network,	taking	into	account	the	
layered	 reserve	 structure	 for	 emergency	 supplies	 in	 China,	 namely	 "national	 reserve	 sites‐
provincial	 reserve	 sites‐local	 reserve	 sites",	 this	paper	 selects	national	 reserve	 sites	 as	Hub	
points	in	the	first	level,	provincial	reserve	sites	as	secondary	Hub	points,	local	reserve	sites	and	
alternative	enterprises	as	Spoke	points.	In	addition,	it	takes	adjacent	nodes	between	highways,	
rails,	airlines	and	waterways	as	connect	lines.	On	the	basis	of	the	layered	subordinate	relations	
between	each	node,	a	multistage	hub‐and‐spoke	network	structure	comes	into	being.	Actually,	
the	 application	 of	 this	 hub‐and‐spoke	 network	 into	 emergency	 logistics	 network	 system	 is	
beneficial	 to	 improve	 the	 transportation	 efficiency	 between	 logistics	 hub	 centers	 and	 to	
promote	 the	 integration	 of	 material	 resources.	 Compared	 with	 ordinary	 logistics	 network	
system,	 there	 are	 fewer	 transportation	 lines	 and	 more	 independence	 on	 the	 number	 of	
transportation	tools	[4].		
Hub‐and‐spoke	 network	 plays	 a	 critical	 role	 in	 today’s	 logistics	 systems,	 it	 has	 received	
increasing	 attention	 in	 a	 wide	 range	 of	 application	 areas	 such	 as	 transportation,	
telecommunication	 and	 computer	 networks	 [5].	 Although	 hub‐and‐spoke	 structure	
demonstrates	significant	advantages	in	improving	network	connectivity	with	less	number	of	
routes	and	saving	operating	cost,	the	failure	of	hubs	and	reactive	disruption	management	could	
lead	to	substantial	recovery	cost	to	the	operators	[6].	



International Journal Of Social Science and Education Research Vol.2 No.1 2019              ISSN: 2637-6067                    

60	
	

2.2. Hub‐and‐spoke	Network	Structure	for	Disaster	Relief	Materials	
	Spider‐web	Network	Structure	also	traced	back	from	the	aviation	network	but	it	has	different	
characteristics	 from	 hub‐and‐spoke	 network	 structure.	 Unlike	 most	 airlines,	 Southwest	
Airlines	opt	for	a	spider‐web	network	system	driven	by	customer	demands,	which	achieved	a	
good	economic	result.	In	the	spider‐web	network,	all	service	cities	are	called	focus	cities	in	this	
model,	which	enjoy	equal	services.	Even	very	important	focus	cities,	their	interworking	rate	is	
generally	less	than	30%,	which	makes	the	resource	used	in	an	average	way	and	improves	the	
safety	coefficient,	as	shown	in	Figure	2.	A	scholar,	Ge	Wei[7]	has	a	comparative	study	on	such	
two	networks	as	hub‐and‐spoke	model	and	spider‐web	model	in	terms	of	network	connectivity,	
interworking	rate	and	reliability.	Spider	web	airline	network	is	a	kind	of	allocation	more	than	
the	strict	hub	type	network	structure,	its	combination	of	point	to	point	and	hub	of	the	network	
structure.	In	spider	web,	the	main	focus	of	city	acts	as	a	"hub"	role,	not	only	has	a	highest	degree	
of	connectivity	and	frequency	of	flights,	but	also	connects	to	multiple	main	line	and	branch	line	
in	the	network,	is	the	main	hub	in	spider	web.	Ordinary	focus	are	the	secondary	importance	of	
the	city,	they	also	have	a	higher	connectivity	and	flight	frequency,	as	the	city's	reserve	force	of	
the	 main	 focus,	 share	 the	 main	 focus	 of	 the	 urban	 transit	 passenger	 flow,	 reduce	 and	
equilibrium	the	connectivity	of	the	main	focus.	In	other	words,	the	main	focus	and	the	ordinary	
focus	of	cities	can	increase	economic	efficiency	at	the	same	time,	also	to	prevent	the	loss	due	to	
too	much	exchange	rate.	The	marginal	focus	cities	are	‘spokes’	of	the	main	and	ordinary	focus	
cities.	Most	airlines	are	opened	between	main	and	ordinary	focus	cities,	there	are	also	a	fraction	
of	direct	airlines	as	required.	Spider	web	network,	therefore,	is	not	only	ensure	the	economies	
of	 scale	 by	 main	 and	 ordinary	 focus	 city,	 but	 also	 has	 direct	 transportation	 according	 to	
passenger's	demand,	 from	the	perspective	of	passengers,	 it	reduces	the	operating	costs,	can	
pull	the	passengers’	travel	demand.	In	this,	the	airline	network	can	keep	expansion	and	solid.	
As	a	consequence,	 it	 is	 found	that	when	the	damage	probability	of	all	nodes	 in	 the	network	
keeps	 same,	 the	 spider‐web	 model	 network	 will	 be	 superior	 to	 the	 hub‐and‐spoke	 model	
network	in	terms	of	reliability.	In	the	practical	application,	airlines	mostly	use	hybrid	aviation	
network	which	 is	 also	 known	 as	 informal	 hub‐and‐spoke	 network	 and	 allows	 direct	 flights	
between	some	non‐hub	cities	on	the	basis	of	hub	hub‐and‐spoke	network[8].	Inspired	by	this,	
the	spider‐web	network	can	also	be	used	for	the	construction	of	reserve	network	for	reliable	
materials,	while	no	research	is	found	in	this	area.	
	

Main	focus

Ordinary	focus

marginal	focus

	
Figure	2.	Spider‐web	Network	Structure	

2.3. Constrastive	Analysis	of	two	Network	Structure	
If	any	public	emergency	events	happen,	it	must	immediately	perform	an	emergency	rescue	by	
calling	existing	emergency	materials	and	supplies.	For	some	small‐size,	small‐degree	and	small‐
scale	 disasters,	 these	 local	 reserve	 stockpiles	 for	 disaster	 relief	 supplies	 (such	 as	 cities,	
prefectures	and	counties)	is	likely	to	easily	meet	reserve	needs.	However,	for	some	disasters	
with	a	large	scale,	a	serious	degree	and	a	wide	range,	it	requires	the	use	of	provincial	or	even	
national	reserve	pools	for	public	emergency	relief	supplies.	If	necessary,	it	is	likely	to	ask	help	
for	other	provincial	reserve	pools	for	disaster	relief	supplies	or	several	national	reserve	sites	
for	disaster	relief	materials.	As	a	matter	of	fact,	there	is	an	implicit	assumption	based	on	the	
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utility	 of	 this	 hub‐and‐spoke	 network	 structure	 that	 once	 a	 reserve	 facility	 or	 a	 transport	
network	is	established,	it	will	remain	in	operation	without	interruption.	In	other	words,	it	is	
true	that	the	facility	should	be	completely	reliable.	Actually,	due	to	these	factors	such	as	natural	
disasters,	man‐made	 disasters,	 strikes	 and	 changes	 of	 ownership,	 numerous	 disruptions	 in	
facilities	 and	 networks	 tend	 to	 occur	 from	 time	 to	 time.	 For	 example,	 in	 a	 terrorist	 attack,	
criminals	are	more	likely	to	carry	out	targeted	attacks	that	may	damage	some	storage	facilities	
at	the	hub	points,	so	that	some	storage	functions	are	invalidated	and	the	rescue	are	also	greatly	
affected.	In	addition,	secondary	disasters,	extreme	climate	and	severe	weather	may	also	destroy	
the	existing	reserve	system	for	disaster	relief	materials	or	invalidate	some	transferring	nodes	
in	the	reserve	network	for	disaster	relief	materials.	Furthermore,	this	network	will	be	ruined	
or	destroyed	inordinately	by	natural	disasters	or	man‐made	disasters	in	a	destructive	way.	As	
far	as	this	study	has	noted,	above	series	of	factors	will	cause	varying	degrees	of	damages	to	the	
nodes	and	connection	lines	in	the	hub‐and‐spoke	reserve	network	for	emergency	supplies.	As	
a	 result,	 it	will	 result	 in	a	 failure	of	 the	 relief	network	and	be	unable	 to	give	 full	play	 to	 its	
maximum	effect	or	even	ruin	the	relief	system	in	a	large	scale.	
These	structural	characteristics	of	two	reserve	network	systems	for	disaster	relief	materials	
are	shown	in	Table	1.	
	

Table	1.	The	Comparison	of	Advantages	and	Disadvantages	of	Two	Reserve	Network	
Systems	for	Disaster	Relief	Materials	

	 Hub‐and‐spoke	Model	Network	 Spider‐web	Model	Network	

Advantages	

① Transport	tools	and	disaster	relief	
supplies	are	arranged	clearly	in	
individual	division	of	labor,	

delivering	in	an	orderly	manner.	

② It	is	easy	to	conduct		management	
tasks	for	these	emergency	supplies	
such	as	statistics,	collection	and	

distributions.	

① Its	timeliness	is	strong,	and	it	can	realize	
the	direct	transportation	between	two	

nodes.	

② Focus	connectivity	and	connectivity	rate	is	
lower	in	the	hub	nodes	than	hub‐and‐

spoke	model	Network,	so	that	it	improves	
the	smoothness	of	material	transport.	

Disadvantages	
① Hub	capacity	is	easily	in	a	traffic	

jam.	

② The	timeliness	is	weak.	

① Material	transport	is	lower	efficient.	

② Rescue	activities	are	tended	to	fall	into	
chaos.	

3. Conclusion	

As	can	be	seen	from	the	Table	1,	both	reserve	network	systems	for	disaster	relief	materials	have	
their	 own	 advantages	 and	 disadvantages	 but	 complement	 each	 other.	 In	 the	 emergency	
logistics	 system,	 the	key	 facilities	 in	 the	emergency	 logistics	network	 tend	 to	be	exposed	 to	
various	 interruption	 risks	 due	 to	 complex	 interruption	 interference.	 The	 construction	 of	
emergency	 logistics	 network	 is	 closely	 related	 to	 the	 health	 and	 the	 safety	 of	 human	 life.	
Therefore,	 a	 mixture	 network	 structure	 of	 reserve	 system	 for	 disaster	 relief	 materials	
combining	hub‐and‐spoke	network	with	spider‐web	network	that	is	established	in	virtue	of	the	
purpose	of	system	reliability,	can	better	adapt	to	the	complex	and	changeable	environment	in	
disaster	relief	activities,	so	as	to	provide	a	strong	disaster	relief	guarantee	for	comprehensively	
coping	with	various	emergencies	in	the	future.	
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