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Abstract	

In	order	to	explore	the	impact	of	the	international	financial	crisis	on	China,	the	complex	
network	 theory	 and	 infectious	 disease	 theory	 model	 were	 used	 to	 analyze	 the	
characteristics	of	financial	crisis	in	global	trade	networks	and	global	financial	networks.	
China's	susceptibility	to	global	networks	was	measured.	The	results	showed	that	China	
and	the	United	States	were	at	the	same	core	position	in	the	global	trade	network.	In	the	
infection	 simulation	of	 the	European	debt	 crisis,	China	was	 infected	 earlier	 than	 the	
United	States.	Therefore,	this	study	makes	up	for	the	shortcomings	of	complex	network	
models.	The	results	of	the	analysis	are	also	more	realistic.	
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1. Introduction	

Since	the	1980s,	economic	integration	and	market	globalization	have	become	the	major	trend	
and	main	theme	of	international	economic	development	[1].	In	order	to	integrate	into	the	new	
trend	of	economic	and	financial	development,	both	developed	and	developing	countries	have	
taken	various	measures	to	open	their	own	capital	markets	and	relax	and	gradually	lift	financial	
controls.	International	capital	flows	and	investment	activities	have	become	close	and	frequent	
[2].	 At	 the	 same	 time,	 after	 the	 1990s,	 the	 international	 financial	 market	 turmoil	 and	 the	
financial	crisis	were	 frequently	blended	 in	 the	process	of	 financial	 liberalization	reform	and	
market	 globalization.	 The	 inter‐linkage	 between	 the	 economies	 of	 the	world	 has	made	 the	
financial	crisis	appear	to	be	obvious	in	the	transmission	and	spread	between	regions	and	even	
internationally	[3].	Several	important	financial	crises	in	history	have	been	reviewed.	In	1992,	
the	 devaluation	 of	 the	 British	 pound	 and	 the	 Italian	 lira	 triggered	 a	 crisis	 in	 the	 European	
monetary	system.	In	1994,	the	Mexican	peso	crisis	caused	the	Latin	American	crisis.	In	1997,	
the	Thai	currency	crisis	caused	a	financial	crisis	in	Southeast	Asia.	The	US	subprime	mortgage	
crisis	 caused	 the	 global	 financial	 tsunami.	 The	 Greek	 sovereign	 debt	 crisis	 brought	 the	
European	debt	crisis	to	the	fuse.	They	all	have	very	striking	and	similar	development	paths.	The	
financial	crisis	in	a	certain	country	will	quickly	penetrate	into	other	countries	and	regions	and	
evolve	into	a	regional	or	global	crisis.	This	has	a	very	significant	"domino	effect."	

2. State	of	the	Art	

After	the	outbreak	of	the	European	currency	crisis	in	1992‐1993,	scholars	began	to	notice	the	
existence	of	the	financial	crisis.	After	a	crisis	occurs	in	a	certain	country	or	region,	it	will	spread	
to	countries	and	regions	with	similar	geographical	 locations	or	similar	economic	structures.	
This	phenomenon	cannot	be	explained	in	the	classical	theoretical	model.	This	requires	a	new	
theoretical	direction	to	explain	this	phenomenon.	The	concept	of	financial	crisis	contagion	has	
been	born	under	the	impetus	of	real	demand	[4].	In	1997,	after	the	Asian	financial	crisis,	the	
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financial	crisis	was	truly	an	academic	term	for	international	economics	and	finance.	However,	
how	to	define	it	accurately	has	not	yet	reached	a	unified	understanding	[5].	When	a	market	that	
has	not	yet	experienced	a	financial	crisis	is	affected	and	impacted	by	another	market	that	has	
already	experienced	a	financial	crisis,	the	original	interrelationship	between	the	two	markets	
has	increased	significantly	[6].	The	World	Bank's	definition	of	the	financial	crisis	is	mainly	from	
three	levels:	Cross‐border	spillovers	refer	to	the	cross‐border	impact	transmission.	In	a	narrow	
sense,	asset	price	correlations	between	different	countries	and	regions	have	risen	significantly	
during	 the	 financial	 crisis	 and	 exceeded	 the	 normal	 correlation	 between	 markets.	 A	 more	
rigorous	 definition	 refers	 to	 the	 significant	 increase	 in	 the	 correlation	 of	 financial	markets	
between	 countries	 during	 the	 financial	 crisis.	 This	 definition	 of	 infection	 mainly	 refers	 to	
excessive	synergy	between	different	markets,	and	its	internal	causes	are	usually	analyzed	by	
the	theory	of	herd	behavior.	Scholars	have	proposed	to	divide	the	infection	of	the	crisis	into	
monsoon	effects,	spillover	effects	and	pure	infections.	

3. Methodology	

In	 epidemiology,	 Kermack	 and	McKendrick	 used	 the	 dynamics	method	 to	 establish	 the	 SIR	
(Susceptible	Infectious	Recovered)	model.	The	model	is	immune	to	infection.	The	subjects	were	
divided	 into	 three	 categories:	 susceptible	 status,	 infection	 status,	 and	 immune	 status.	 The	
susceptibility	state	indicates	that	the	body	is	in	a	healthy	body,	but	may	be	infected.	Infection	is	
infectious.	The	immune	state	is	a	state	in	which	it	is	cured	and	acquired	immunity	after	infection.	
The	model	is	transformed	into	an	infected	group	by	a	susceptible	population	at	a	daily	exposure	
rate.	The	dynamic	process	of	the	infected	population	transforming	into	an	immune	population	
with	a	daily	cure	rate.	Epidemiological	infections	and	changes	in	the	immune	process	have	been	
studied.	 The	 peak	 period	 of	 infectious	 diseases	 is	 predicted	 and	 the	 degree	 of	 infection	 is	
measured	to	explore	the	means	and	measures	to	prevent	and	control	infectious	diseases.	
When	 using	 epidemiological	 communication	 theory,	 the	 following	 assumptions	 are	 usually	
made	for	complex	networks:	Infection	can	only	be	carried	out	through	the	edge	of	a	complex	
network.	The	 susceptible	 individual	 is	 a	 node	 in	 a	 complex	network,	 and	 the	probability	 of	
infection	determines	the	rate	of	infection.	Previous	theories	and	experience	have	shown	that	
the	 infectious	threshold	of	 infectious	diseases	 is	closely	related	to	the	number	of	nodes	 in	a	
complex	 network.	 The	 European	 debt	 crisis	 has	 a	 longer	 incubation	 period.	 Therefore,	 the	
model	of	the	SEIR	model	is	introduced.	The	infection	process	is	shown	in	Figure	1.	
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Figure	1.	Flow	chart	of	infectious	process	
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The	source	of	infection	E	and	node	A,	node	B,	node	C,	and	node	D	form	a	densely	inseparable	
network	through	certain	connections.	The	infection	source	E	transmits	the	crisis	to	the	node	B	
and	the	node	D	through	the	contact	path	with	a	certain	probability	of	infection	p(i).	Node	B	and	
node	D	quickly	enter	the	incubation	period,	and	the	node	in	the	incubation	period	cannot	yet	
infect	its	neighbors.	After	the	incubation	period,	Node	B	and	Node	D	will	enter	the	sensed	state	
as	a	source	of	infection	with	a	certain	probability,	and	then	go	to	Infect	Node	A,	Node	C	and	
Node	E.	In	this	process,	the	infected	node	will	quickly	enter	the	adjustment,	so	that	it	has	the	
resistance,	enters	the	immune	state,	and	is	no	longer	susceptible	to	this	crisis,	thus	forming	a	
dynamic	infection	path.	
The	 SEIR	model	 divides	 the	 infection	 process	 into	 four	 discrete	 periods:	 the	 susceptibility	
period,	the	exposure	period,	the	sensation	period,	and	the	immunization	period.	It	is	generally	
assumed	that	the	individual	densities	of	the	susceptible	state,	the	latent	state,	the	sensed	state,	
and	 the	 immune	 state	 in	 the	 system	 at	 time	 t	 are	 s(t),	 e(t),	 i(t),	 and	 r(t),	 respectively.	 The	
infection	process	of	the	SEIR	model	can	be	expressed	as	follows:	
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4. Results	and	Discussion	

4.1. Setting	of	SEIR	Model	
The	 infectivity	 of	 the	 European	 debt	 crisis	 is	measured	 by	 the	 parameter	 k.	 In	 addition	 to	
observing	the	infection	result	when	the	parameter	was	changed,	k	was	set	to	0.1.	At	this	point,	
the	European	debt	crisis	will	not	be	weak	enough	to	spread	in	the	network,	nor	will	it	be	strong	
enough	 to	 infect	 all	 countries	 in	 the	 network.	 The	 incubation	 period	 is	 measured	 by	 the	
infectious	 vector	 (α1,	 α2,	 ...,	 αL).	 In	 addition	 to	 comparing	 infection	 outcomes	 at	 different	
incubation	periods,	the	infectious	vector	was	set	to	(0.000,	0.0000,	0.025,	0.075,	0.175,	0.225,	
0.250,	0.250)	to	describe	a	crisis	with	a	short‐term	latency	that	gradually	started	but	stopped	
quickly.	The	network	size	is	244	countries	with	an	average	of	76.	Greece	(the	92nd	node	in	the	
network)	was	 set	 as	 the	 sole	 source	 of	 infection.	 In	 addition,	 in	 order	 to	 further	 study	 the	
network	and	weighting	network	of	the	global	trade	network,	the	volume	of	import	and	export	
trade	between	countries	is	divided	by	the	total	trade	volume	into	an	indicator	of	trade	linkage	
intensity.	 Thus,	 the	 SEIR	 model	 is	 used	 to	 spread	 the	 crisis	 with	 a	 variable	 probability	 of	
infection.	The	infection	simulation	process	of	the	SEIR	model	was	programmed	using	MATLAB	
software.	

4.2. Analysis	of	the	Scope	of	Infection	Around	the	World	
The	European	debt	crisis	infection	simulation	was	carried	out	in	three	random	graphs	and	two	
other	 actual	 network	 structures.	 In	 each	 case,	 1000	 samples	were	 taken	using	Monte	Carlo	
simulations.	The	results	 show	that	 the	national	affected	proportion	 is	 the	value	of	 the	most	
affected	countries	in	the	network,	that	is,	the	proportion	of	the	number	of	affected	countries	in	
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the	network	when	the	peak	of	the	sense	has	appeared.	The	mean	and	standard	deviation	were	
compared	in	each	case,	as	shown	in	Table	1.	The	characteristics	of	the	infectious	range	of	each	
network	structure	under	different	incubation	periods	were	analyzed	and	compared.	
	

Table	1.	Mean	and	standard	deviation	under	different	latency	periods	

	
Random	graph	 Scale‐free	graph	 Small	world	

graph	
Relational	
network	

Weighted	network	

Mean	
value	

Standard	
deviation	

Mean	
value

Standard	
deviation

Mean
value

Standard	
deviation

Mean	
value

Standard	
deviation	

Mean	
value	

Standard	
deviation

No	incubation	
period	 0.949	 0.014	 0.935 0.032	 0.890 0.031	 0.851 0.015	 0.719	 0.019	

Short	latency	
period	 0.761	 0.032	 0.744 0.023	 0.637 0.049	 0.722 0.024	 0.612	 0.025	

Long	incubation	
period	

0.737	 0.030	 0.719 0.045	 0.623 0.051	 0.731 0.028	 0.601	 0.022	

 

It	can	be	seen	from	Table	1	that	the	standard	deviation	is	small	under	each	network	structure,	
indicating	 that	 the	 simulation	 results	 are	 stable.	 Under	 the	 five	 network	 structures,	 the	
presence	of	 latency	 significantly	 reduced	 the	 range	of	 infection	 compared	 to	 the	no‐latency	
period.	 As	 the	 incubation	 period	 lengthens,	 the	 affected	 range	 in	 the	 network	 is	 basically	
reduced.	The	longer	the	incubation	period	of	the	European	debt	crisis,	the	more	adequate	the	
preparation	time	for	countries	to	prevent	crisis	transmission,	and	the	less	likely	they	are	to	be	
infected.	 At	 the	 same	 time,	 regardless	 of	 the	 length	 of	 the	 incubation	 period,	 the	 range	 of	
infection	under	the	random	graph	structure	is	the	largest.	The	weighted	network	is	at	its	lowest	
value,	 indicating	 that	 the	 global	 trading	 network	 is	 robust.	 When	 a	 node	 in	 the	 network	
experiences	a	crisis,	it	not	only	has	the	function	of	spreading	the	crisis,	but	also	has	the	function	
of	absorbing	the	crisis,	which	verifies	Haldane's	view	on	the	robustness	of	the	global	network.	
In	 the	 complex	network	model,	 the	 small	world	map	has	 the	 lowest	 infection	 range.	 In	 the	
simulation	of	the	actual	network,	it	is	also	the	best	match	for	the	small	world	map,	which	once	
again	 verifies	 the	 robustness	 of	 the	 global	 trade	 network.	 In	 the	 comparison	 between	 the	
network	and	the	weighting	network	of	the	actual	network,	the	coverage	of	the	network	is	higher	
than	that	of	the	weighting	network.	The	spread	of	the	European	debt	crisis	depends	not	only	
on	whether	there	is	trade	between	the	two	countries,	but	also	on	the	intensity	of	trade	between	
the	two	countries.	
As	the	severity	of	the	European	debt	crisis	deepens,	Portugal,	Italy,	Ireland,	Greece	and	Spain	
are	all	caught	in	a	sovereign	debt	crisis.	Therefore,	the	five	countries	were	used	as	infectious	
sources	to	conduct	infection	analysis	of	the	relationship	network	and	weighted	network	under	
different	incubation	periods.	The	mean	and	standard	deviation	for	each	case	were	calculated	as	
shown	in	Table	2.	
 

Table	2.	Mean	and	standard	deviation	of	the	affected	proportion	in	different	latency	
periods	

	

Relationship	network	
(Greece)	

Weighted	network	
(Greece)	

Relationship	network	
(five	countries)	

Weighted	networks	
(five	countries)	

Mean	
value	

Standard	
deviation	

Mean	
value	

Standard	
deviation	

Mean	
value	

Standard	
deviation	

Mean	
value	

Standard	
deviation	

No	incubation	
period	

0.805	 0.0146	 0.7186 0.7186	 0.6755	 0.0263	 0.5776	 0.0284	

Short	latency	
period	

0.7221	 0.0235	 0.612	 0.5102	 0.5102	 0.0255	 0.4725	 0.0284	

Long	incubation	
period	

0.731	 0.0276	 0.6007 0.6007	 0.517	 0.0257	 0.4864	 0.0267	
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It	is	found	from	Table	2	that	when	the	source	of	infection	in	the	network	becomes	five	countries,	
the	affected	networks	of	the	global	trade	network	and	the	weighted	network	have	a	decreasing	
trend.	On	the	one	hand,	the	remaining	four	countries	must	be	infected	when	they	are	infected	
in	Greece,	which	proves	the	“wake‐up	service”	infection	of	the	four	countries.	Therefore,	after	
the	 five	 countries	 became	 sources	 of	 infection,	 the	 proportion	 of	 the	 network	 affected	was	
reduced.	On	the	other	hand,	the	four	countries	are	located	in	the	euro	zone	with	Greece,	and	the	
regional	trade	network	is	contagious.	For	the	economic	cooperation	relationship	is	not	close,	
the	 impact	 of	 the	 network	 edge	 countries	 is	 similar	 to	 that	 of	 Greece	 when	 the	 source	 of	
infection	is	the	same.	The	five	European	countries	as	sources	of	infection	will	not	increase	the	
crisis	spread	on	a	global	scale.	The	standard	deviation	shows	the	robustness	of	the	results.	

4.3. The	Result	of	the	Infection	in	China	
China	and	the	United	States	are	at	the	heart	of	the	global	trade	network.	China	and	the	United	
States	have	the	same	centrality.	At	this	stage,	China	and	the	United	States	have	the	same	number	
of	trading	partners	in	global	trade	relations.	They	are	all	global	trade	powers.	Therefore,	the	
two	networks	in	the	global	trade	network	have	the	same	characteristics	of	infection,	which	is	
also	proved	in	the	simulation	results.	The	result	of	the	infection	of	the	two	countries	under	the	
network	structure	was	abandoned,	and	only	the	analysis	of	the	infection	status	of	China	and	the	
United	States	under	different	incubation	periods	when	Greece	was	the	source	of	infection	was	
extracted.	In	addition,	the	results	did	not	change	substantially	after	the	number	of	simulations	
increased.	The	simulation	results	are	robust	and	reliable.	
After	the	latent	state	reaches	the	maximum	value,	it	enters	the	sensed	state,	and	finally	enters	
the	infected	state	of	the	immune	state,	and	the	slopes	of	different	latency	periods	are	different.	
It	was	found	that	China	and	the	United	States	were	simultaneously	infected	by	the	European	
debt	crisis	only	during	the	period	of	no	incubation	period.	Under	the	short	latency	period	and	
long	latency	period,	China	was	infected	before	the	United	States,	and	this	phenomenon	is	more	
obvious	under	the	long	incubation	period.	On	the	one	hand,	the	trade	intensity	between	China	
and	Greece	is	indeed	higher	than	the	trade	intensity	between	the	United	States	and	Greece.	On	
the	other	hand,	the	SEIR	infection	model	can	not	only	measure	the	direct	infection	of	Greece,	
but	 also	 reflect	 the	 indirect	 transmission	of	other	 countries	 to	China	and	 the	United	States.	
Therefore,	the	fact	that	China	was	infected	earlier	than	the	United	States	is	not	entirely	due	to	
the	intensity	of	trade	with	Greece.	At	the	same	time,	the	longer	the	latent	period	of	the	European	
debt	crisis	is,	the	earlier	China	is	infected	than	the	United	States,	which	indicates	that	China	has	
become	a	big	country	in	today's	Global	trade	network.	However,	China	is	still	in	the	developing	
world.	Compared	with	the	United	States,	China's	 financial	stability	and	economic	and	trade‐
related	policies	still	need	to	be	improved,	and	the	immunization	measures	against	the	financial	
crisis	still	need	to	be	strengthened.	

5. Conclusion	

Based	on	the	import	and	export	trade	relations	between	countries,	a	global	trade	network	was	
constructed.	From	a	global	perspective,	 the	complex	network	theory	 is	used	to	simulate	the	
global	 trade	 network.	 The	 relationship	 network	 and	weighting	 network	 of	 the	 global	 trade	
network	are	constructed.	On	this	basis,	the	SEIR	epidemic	model	with	latent	period	in	infectious	
diseases	is	used	to	simulate	the	spread	of	the	European	debt	crisis	in	the	global	trade	network.	
The	results	show	that	China	and	the	United	States	are	at	the	same	core	position	in	the	global	
trade	 network.	 In	 the	 infection	 simulation	 of	 the	 European	 debt	 crisis,	 China	 was	 infected	
earlier	 than	the	United	States.	The	 longer	the	 incubation	period,	 the	earlier	the	 lead	time.	 It	
shows	that	China	and	the	United	States	have	similar	positions	in	global	trade	cooperation.	
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