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Rationale
• Disaster	Mitigation	often	focuses	on	the	worst	case	

scenarios	of	natural	disasters	in	order	to	protect	the	
general	public	in	case	the	worst	might	happen!

• Obviously,	this	is	NOT	the	most	optimized	way	to	mobilize	
the	mitigation	resources	and	protect	the	loss	of	lives	and	
property

• Had	we	predicted	the	disasters	much	more	accurately,	then	
the	society	as	a	whole	could	be	better	protected!

• However,	the	non-linearlity and	inter-couplings	of	different	
forms	of	natural	disasters	deter	us	from	improving	accuracy	
easily!	

• Therefore,	some	sort	of	deeper	qualitative	understandings	
such	as	possible	weather	and	disaster	patterns	are	crucial!	
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Natural	Hazards	hamper	sustainable	
economy
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Examples	if	Time	Allows

• Flooding	case	in	Taiwan	(Soudelor 2015)
• Flooding	case	in	Sri	Lanka	(2016)
• Storm	surge	in	Philippines		(Haiyan,	2013	)
• Flooding	in	Malaysia		(2014-2015)
• Environmental	Research	Topics



Tracks	of	all	tropical	cyclones	which	formed	worldwide	between	1985	and	2005.	

(	from	Joint	Typhoon	Warning	Center)

The	Great	Global	Trend	of	Typhoon



Time	series	of	seasonal	(JJASO)	typhoon	numbers	
passing	the	vicinity	of	Taiwan	from	1970	to	2006 as	
complied	by	the	Central	Weather	Bureau.	The	
vicinity	was	defined	as21–26N,	119–125E.

(Tu et	al.	2009)

Average	Counts	Increase



Future	Warming	and	Typhoon

http://www.smh.com.au/environment/climate-
change/super-typhoons-to-increase-in-strength-with-
climate-change-researchers-find-20150529-
ghcbfs.html



Flooding	in	Taiwan (Soudelor,	2015	)



Storm	tracks	in	2015

(source:	Martin Setvak)8/8	00:55	LST	

Typhoon Soudelor

with	peak	winds	at	180	mph	(290	kph),	according	to	the	
Joint	Typhoon	Warning	Center.







• I.C.,	B.C.	and	resolution:	the	forecasting	of	track,	intensity	
• dynamic	of	Typhoon	circulation	and	their	interaction	with	

the	Taiwan	terrain
• mesoscale wind	and	precipitation	distribution

How	good	can	we	simulate	(predict)	typhoon	?



Initial	condition	impacts	on	landfall	simulation	
08/04-12Z 08/05-12Z 08/06-12Z

08/07-12Z
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The	flooding	event	

• A	depression	in	the	Bay	of	Bengal	in	the	Indian	Ocean	to	the	
South	East	of	Sri	Lanka	caused	heavy	rainfall	across	Sri	Lanka	
since	14	May	2016		

• Causing	wide	spread	heavy	rains,	flooding	and	land	slide	in	as	
many	as	22	districts,.

• According	to	the	Meteorology	Department	the	last	four	days	
had	seen	one	of	the	highest	rainfalls	in	Sri	Lanka

• Total	number	of	people	affected	427,918,	101	deaths,	100	
missing	(landslide)

• Worst	affected	district	- Colombo	(Capital)	– 185,835	affected
• Kelani Ganga	is	one	of	the	main	river	basin	in	Sri	Lanka	which	

experienced	large	scale	flooding	and	subsequent	damage	to	
property	and	livelihoods.



Research	Questions	&	Assumptions	of	
the	study

• What	was	the	main	cause	for	the	heavy	rainfall	and	flooding	in	
western	part	of	Sri	Lanka?
—Main	cause	for	the	heavy	rainfall	was	the	low	pressure	system.

• Why	May	15	&	16	received	the	maximum	rainfall	over	western	
part	of	Sri	Lanka?
—May	15	&	16	was	the	period	low	pressure	system	approaching	

and	passing	along	Sri	Lanka
• Why	only	western	part	of	Sri	Lanka	received	relatively	maximum	

rainfall	and	why	not	the	eastern	part	of	Sri	Lanka?
— Location	of	the	heavy	rainfall	was	following	the	low	pressure	

system	
—Westerlies	and	the	low	pressure	system	winds	were	interacting	

with	mountain	only	over	western	part	of	Sri	Lanka		



What	was	the	main	cause for	the	heavy	rainfall	
and	flooding	in	western	part	of	Sri	Lanka?

Rainfall		14	-17	(Weather	Station	Data	)No	of	Affected	People	as	of	2016.05.22

Source:	Department	of	
Meteorology	

Source:	Disaster	Management	
Center	(DMC)

Rainfall	14	-17		
(Model	Data	)



Cloud	Image	(Satellite)	and	Cloud	Fractions	(weighted	vertical	column	sum)	(WRF)–
1hourly	

Met_em Data	/	
NCEP_CFSv2	

Model	Results	/	
wrfout



Mechanisms	of	the	
rainfall	event	

Low	pressure	system

Westerly	Winds
Convergence	Zone

A B

A B



Storm	Surge	in	Philippines	(Haiyan,	2013	)



Duration	:	Nov.3-11
Peak:	230	km/h	(145	mph)	(10min)
Intensity:	895	hpa





Samar	&	Leyte	



Northern	Samar



Eastern	Samar
(pressure)



Leyte



Flooding	in	Malaysia		(2014-2015)



As	part	of	the northeast	monsoon,[4] heavy	rains	since	17	December	forced	3,390	people	
in Kelantan and	4,209	people	in Terengganu to	flee	their	homes.[5] Several Keretapi Tanah	
Melayu(KTM)	intercity	train	services	along	the	East	Coast	route	were	disrupted	on	18	
December	following	the	floods.[6] On	20	December,	the	area	of Kajang,	Selangor,	was	also	
hit	by	serious	floods.[7]By	23	December,	most	rivers	in	Kelantan,	Pahang,	Perak	and	
Terengganu	had	reached	dangerous	levels.[8] Due	to	rising	water	levels,	most	businesses	



The 2014–15	Malaysia	floods hit Malaysia from	15	December	2014	– 3	
January	2015.	More	than	200,000	people	affected	while	21	killed	on	the	
floods.[1] This	flood	have	been	described	as	the	worst	floods	in	decades



• This	area	is	subjected	to	
significant	largescale		and	
mesoscale	interactions
– Topographic	feature	:	

distribution	of	deep	convection

– northeasterly	cold	surges	
dominate	the	low-level	
circulation	patterns	

– Quasi–stationary	Borneo	
vortex

– Madden-Julian	Oscillations	
(MJO):

on	intra-seasonal	time	scales	peak	
amplitude	during	boreal	winter	
over	the	Maritime	Continent

(Chang	et	al,	2005)

(Madden	and	Julian,	1972)

(Zhang	et	al.	1997)

(Johnson	and	Houze,	1987;	Chang	et	al.	2003,	
Chang	et	al.	2005,	Juneng et	al.	2007)



Environmental	Research	Topics



Environmental	Research	Topics

• Long-range	transport	of	air	pollutants	to	Taiwan
Asian	dust	and	air	pollutants	from	China
Impact	of	Biomass	burning	pollutants	from	Indochina
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Biomass	burning

Dust	+air	pollutants
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Model:	WRF/Chem,	10	km	resolution	
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A
B

(Lin	et	al.	2014)

03/15 03/16

Model:	WRF/Chem,	
15	km	resolution	



https://zh.wikipedia.org/wiki/

South	East	Asia	haze	2015

The	haze	affected	Indonesian	from	at	least	late	June,	to	the	end	of	October,	turning	into	an	
international	problem	for	other	countries	in	September.

Indonesian	

Indonesian	 Singapore



NOAA-18	satellite	picture	on	29	
August	2015	shows	deterioration	of	
smoke	haze	situation	in	Kalimantan

NOAA-18	satellite	picture	on	31	
Augusts	2015	shows	widespread	
smoke	haze	from	Sumatra	
spreading	into	the	Strait	of	
Malacca.	

NASA's	Aqua	satellite	collected	this	natural-color	
image	with	the	Moderate	Resolution	Imaging	
Spectroradiometer,	MODIS,	instrument	on	
September	22,	2015.



Resolution:	10	km	



Impacts	of	Urbanization	to	Taiwan	West	
Land	on	Precipitation





Differences	of	Diurnal	Average	
Temperature	1904 and	2007	

All	Time

Day	Time

Night

Land -> Water Water -> Land Farm -> City City -> City



Average	on	Differences	of	Highest	
and	Lowest	Temperature	in	a	Day

Tmax

Tmin

Land -> Water Water -> Land Farm -> City City -> City



Average	Diurnal	Temperature	Range



北區過去(陸地多)夜間陸⾵出現較早，
夜間降溫較現在快。2007 時，陸⾵延後

時間最多已達⼀⼩時



中區在過去夜間陸⾵出現時間較現在
早：(農地轉都市)過去夜間降溫快，所

以較早出現陸⾵



南區由於都市化區域靠海，受海洋調節⼤，
所以雖然現在都市變多，但夜間陸⾵現在跟

過去出現的時間⼤致相同



Pseudo Global Warming Experiment for Historical Typhoons 
- Typhoon Morakot (2009) in the end of 21st Century 

Â Consider circulation change of MRI-AGCM3.2S in 2075-2099 under A1B scenario and 2009 
typhoon Morakot (top rainfall record : 3000 mm in 5 days) 

Â 48 ensemble runs. 
Â Precipitation increase rate over southern plain can reach 40% (from 3000 mm to 4200 

mm) 



Summary
• Three	fundamental	issues	for	deeper	understanding:	
I.C.,	B.C.	and	Observation	Data

• Resolution	and	Computing	Power	are	getting	to	be	
more	important!

• Interaction	with	Terrain	structure	often	being	ignored
• Interaction	of	different	Air	systems	are	not	easily	
predicted,	look	for	potential	pattern

• Long-range	Dust	transport	and	Biomass	burning	are	
recently	realized.	Importance	of	Mesoscale!

• Data,	Data,	Data!	Observation	stations	are	often	
destroyed	after	the	onset	of	major	disaster	events!



Thank	you	!!!


