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•Big	data	in	Climate	&	Earth	System	
Science	perspectives

•Assessment	of	climate	changes	
over	Tibet	



Big	data

• Volume:	big	size
• Velocity:	high	speed	of	data	availability	&	
transfer

• Variety:		different	formats	and	forms
• Veracity:	data	messiness/trustworthiness
• Value:						Data	is	only	useful	when	we	
turn	it	into	value.	
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Humanity’s	period	of	grace	– the	last	10,000	years
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Source: GRIP ice core data (Greenland) and S. Oppenheimer, ”Out of Eden”, 2004
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International	global	change	research

1996 19861980

1991 2001 

four	Global	Environmental	 Change	Programmes

and	their	partnership
towards	 transdisciplinary
integrative	science

all	co-sponsored	 by	ICSU 7

2013

Future Earth

My ICSU time



GCOS	as	the	climate
observing	component	of	GEOSS
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Global	Framework	for	Climat	services



Earth System Visioning 
led to Future Earth



A	Call	to	Action

Grand Challenges in Earth System Research 
for Global Sustainability
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Forecasting

ObservingInnovating

Responding Confining



The	climate	reseach	community	responded
promptly	to	the	call….

BAMS: 2010
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10	major	rivers	in	Asia	are	originated	from	the	Tibet	Plateau		
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Potential	policy-relevant	tipping	elements	in	the	climate	
system	and	overlain	on	global	population	density	

Timothy M. Lenton et al. PNAS 2008;105:1786-1793

©2008 by National Academy of Sciences
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Assessment	of	past,	present	and	future	
environmental	changes	on	the	Tibetan	Plateau	

10   ……      1900           1950                       2000   ……     2100

Past Millenniums 
based on proxy data

Recent decades

Future	climate:	 	
CMIP5	models	driven	
by	RCPs	emission	
scenarios

Participants	&	Duration:	 80	authors,	24	reviewers,	 2012-2015

Environment	 indices	covered:	 	Climate,	water,	ecosystem,	anthropogenic	
impact,	disaster/risk

Instrumental data



Chen, D., Xu, B., Yao, T., Guo, Z., 
Cui, P., Chen, F., Zhang, R., Zhang, 
X., Zhang, Y., Fan, J., Hou, Z., 
Zhang, T., 2015: Assessment of past, 
present and future environmental 
changes on the Tibetan Plateau 
Chinese Science Bulletin, in 
Chinese with English abstract, doi: 
10.1360/N972014-01370.



Annual	anomalies	of	temperature	(a)	and	precipitation	(b)	over	Tibet
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Trends	of	annual	changes	over	the	priod	of	
1984-2006	(Yang	et	al.,	2014,	GPC)	
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Scale	for	interannual	surface	temperature	variation

Source:	Chen	et	al.,	Sci	Rep	(under	revision)



Scale	for	interannual	precipitation	variation

Source:	Chen	et	al.,	Sci	Rep	(under	revision)



Elevation	depedended	warming	over	
Tibet	(Pepin	et	al.,	2015,	NCC)
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(mean surface air temperature) (mean min temperature)



5	plausible	
mechanisms	and	
processes	behind	
elevation	dependent	
warming	(Pepin	et	
al.,	2015,	NCC).	
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Shen,	M.,	S.	Piao,	S.-J.	Jeong,	P.	Ciais,	D.	Chen,	C.-S.	Jin,	L.	Z.	X.	Li,	R.	Myneni,	K.	Yang,	Z.	Zeng,	G.	Zhang,	L.	Zhou,	T.	Yao.	
2015:	Evaporative	cooling	over	the	Tibetan	plateau	induced	by	vegetation	growth.	PNAS,	doi:	10.1073/pnas.1504418112.

Increased	vegetation	activity



The	greening	->	evapotranspiration↑	&	warming↓
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Shen,	M.,	S.	Piao,	S.-J.	Jeong,	P.	Ciais,	D.	Chen,	C.-S.	Jin,	L.	Z.	X.	Li,	R.	Myneni,	K.	Yang,	Z.	Zeng,	G.	Zhang,	L.	Zhou,	T.	Yao.	
2015:	Evaporative	cooling	over	the	Tibetan	plateau	induced	by	vegetation	growth.	PNAS,	doi:	10.1073/pnas.1504418112.
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observation

Mean	annual	
temperature
from	24		CMIP5	
models.

Source:	
Su,	F.,	X.	Duan,	D.	
Chen,	Z.	Hao,	and	C.	
Lan,	2013:	Evaluation	
of	the	Global	Climate	
Models	 in	the	CMIP5	
over	 the	Tibetan	
Plateau.	 J.	Climate,	
DOI:	10.1175/JCLI-D-
12-00321.1.
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Mean	annual	
precipitation
from	24		CMIP5	
models.

Source:	
Su,	F.,	X.	Duan,	D.	
Chen,	Z.	Hao,	and	C.	
Lan,	2013:	Evaluation	
of	the	Global	Climate	
Models	 in	the	CMIP5	
over	 the	Tibetan	
Plateau.	 J.	Climate,	
DOI:	10.1175/JCLI-D-
12-00321.1.



Added	value	by	downscaling	with	WRF	
(30	km	resolution),	means	for	1979-2011	 	
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Added	value	by	downscaling	with
WRF	(30	km	resolution),	means	for	1979-2011	

Source:	Gao,	Y.,	J.	Xu,	D.	Chen,	2015:	Evaluation	of	WRF	Mesoscale	 Climate	 Simulations	
over	the	Tibetan	Plateau	during	1979-2011,	J.	Climate,	doi:10.1175/JCLI-D-14-00300.1



Mean	change	
(ºC	)	of	mean	
annual	
temperature	
from	20		
CMIP5	models

Source:	
Su,	F.,	L.	Zhang,	T.	Ou,	
D.	Chen,	T.	Yao,	and	K.	
Tong,	2015:	
Hydrological	response	
to	future	climate	
changes	for	the	major	
upstream	river	basins	
in	the	Tibetan	Plateau,	
Global	and	Planetary	
Change,	136,	82-95.



Mean	change	
(%)	of	annual	
precipitation	
from	20		CMIP5	
models.

Source:	
Su,	F.,	L.	Zhang,	T.	Ou,	D.	
Chen,	T.	Yao,	and	K.	
Tong,	2015:	
Hydrological	response	
to	future	climate	
changes	for	the	major	
upstream	river	basins	in	
the	Tibetan	Plateau,	
Global	and	Planetary	
Change,		136,	82-95.
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Source: 
Su, F., L. Zhang, T. Ou, 
D. Chen, T. Yao, and K. 
Tong, 2015: Hydrological 
response to future 
climate changes for the 
major upstream river 
basins in the Tibetan 
Plateau, Global and 
Planetary Change, 136, 
82-95.



Exceedance probability curve for the peak flow at 
the Nuxia in the upper Brahmaputra
a) 2020-2049 b) 2070-2099

Intensity and frequency of extreme discharges would likely  
increase in the upper Brahmaputra.



Take	home	messages
• Climate	over	Tibet	has	experienced	significant	
changes	in	the	past,	with	warming	and	overall	
wetting	and	stilling,	along	with	distinctive	
regional	changes	in	precipitation	and	solar	
radiation	over	the	last	decades.

• Big	data	framework	and	data	assimilation	
approaches	hold	great	potential	to	fill	the	
observation	gaps	and	provide	more	insights	into	
details	of	and	processes	behind	the	climate	
change	in	this	challenging	and	important	region.
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Kuang	&Jiao	(2016,	JGR)



Kuang	&	Jiao	(2016,	
JGR)
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Kuang	&Jiao	(2016,	JGR)


