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MERRA	Analytic	Services

• Data	Reduction	– Correcting,	ordering,	
and	simplifying	data	in	support	of	
analytic	objectives		

• Data	Preparation	– Preparing	
heterogeneous	climate	model	outputs	
so	that	they	can	be	jointly	analyzed

• Data	Analysis	and	Visualization	–
Applying	techniques	to	discover	
patterns,	correlations,	and	other	higher-
order	insights	of	value	to	a	growing	
community	of	users

The	MERRA/AS	Project	is	combining	high-performance	computing	
with	analytic	techniques	to	better	serve	MERRA	customers	by	
focusing	on	data	reduction	and	the	“Big	Data”	challenge	of	upfront	
data	assembly	…

It is estimated that climate scientists 
spend 50–80% of their time gathering 
and preparing data for further study 

(Lohr, 2014)



IPCC-Inspired	Design

• Open	to	all	members	of	the	United	Nations	
and	World	Meteorological	Organization

• Currently	195	member	countries

• Provides	world	with	a	clear	view	of	the	
current	state	of	scientific	knowledge	through	
its	Assessment	Reports

• 2000+	scientists	contributed	to	IPCC’s	Fifth	
Assessment	Report	(AR5)

• IPCC	Assessment	Reports	provide	the	basis	
for	environmental	policy-making	throughout	
the	world	…

The	Intergovernmental	Panel	on	Climate	Change	(IPCC)	is	the	leading	
international	body	for	the	assessment	of	climate	change	

 

INTERGOVERNMENTAL PANEL ON climate change

 

 The Intergovernmental Panel on Climate Change (IPCC) is the leading international body for the assessment 
of climate change. It was established by the United Nations Environment Programme (UNEP) and the World 

Meteorological Organization (WMO) to provide an authoritative international assessment of the scientifi c 
aspects of climate change, based on the most recent scientifi c, technical and socio-economic information 
published worldwide. The IPCC’s periodic assessments of the causes, impacts and possible response strategies 
to climate change are the most comprehensive and up-to-date reports available on the subject, and form the 
standard reference for all concerned with climate change in academia, government and industry worldwide. This 
Synthesis Report is the fourth element of the IPCC Fifth Assessment Report, Climate Change 2013/2014. More than 
800 international experts assessed climate change in this Fifth Assessment Report. The three Working Group 
contributions are available from the Cambridge University Press:

Climate Change 2013 – The Physical Science Basis 
Contribution of Working Group I  to the Fifth Assessment Report of the IPCC
(ISBN 9781107661820 paperback; ISBN 9781107057999 hardback) 

Climate Change 2014 – Impacts, Adaptation, and Vulnerability         
Contribution of Working Group II to the Fifth Assessment Report of the IPCC
(Part A: ISBN 9781107641655 paperback; ISBN 9781107058071 hardback)
(Part B: ISBN 9781107683860 paperback; ISBN 9781107058163 hardback)

Climate Change 2014 – Mitigation of Climate Change                   
Contribution of Working Group III to the Fifth Assessment Report of the IPCC
(ISBN 9781107654815 paperback; ISBN 9781107058217 hardback) 

Climate Change 2014 – Synthesis Report is based on the assessments carried out by the three Working Groups of 
the IPCC and written by a dedicated Core Writing Team of authors. It provides an integrated assessment of climate 
change and addresses the following topics: 
• Observed changes and their causes
• Future climate changes, risks and impacts 
• Future pathways for adaptation, mitigation and sustainable development
• Adaptation and mitigation



IPCC-Inspired	Design

• AR5’s	published	work:

– Contains	4	million	words	(50,000	unique)

– Eight	words	collectively	account	for	12,000	
direct	references	to	climate	model	data:	
maximum,	minimum,	average,	variance,	
difference,	climatology,	anomaly,	and	trend

– Over	halve	of	those	references	are	“trend”	…

A	small	collection	of	data	attributes	provides	the	basis	for	a	remarkable	
amount	of	intellectual	work	in	the	discipline	...	

CLIMATE CHANGE 2013
The Physical Science Basis

WORKING GROUP I CONTRIBUTION TO THE 

FIFTH ASSESSMENT REPORT OF THE 

INTERGOVERNMENTAL PANEL ON CLIMATE CHANGE

WG I

INTERGOVERNMENTAL PANEL ON climate change



MERRA	Analytic	Services

So,	how	do	we	use	analytic	technologies	to	better	serve	the	MERRA
research	and	applications	communities?	

• MERRA/AS	creates	real	and	virtual	collections	
of	the	most	commonly	used	products	
=>	maximum,	minimum,	average,	variance,	difference,	
climatology,	anomaly,	and	trend

• MERRA/AS	delivers	those	products	in	a	highly	
personalized	and	tailored	form	
>	input=variable	name,	spatial	extent,	temporal	extent

• MERRA/AS	computes those	products	as	fast	as	
possible	
=>	high-performance	compute-storage,	MapReduce	

• MERRA/AS	delivers	those	products	through	a	
Web	service	interface	and	Python	library
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Study	Areas
• Nile	Valley
• North	China
• California	Central	Valley
• Northern	India/Pakistan

Variables	Needed
• Humidity
• Wind	speed
• Temperature

Data	Wrangled:
• 23	x	365	x	4	x	4	x	18	x	3

=	7,253,280	“layers”	…

J.	Wei	tailored	climatologies	use	case	…

Other	Requirements
• 1979	– 2002
• 6-hr	time	steps
• 18	atmospheric	levels

Single	Reanalysis	Estimation	of	the
Contribution	of	Irrigation	to	Precipitation
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Traditional	Approach	(hours,	days)
• Step	1	– 8.4	TB	moved	from	archive	
• Step	2	– Clipping	/	averaging		

With	MERRA/AS	and	CDSlib	(2.5	minutes)		
• Step	1	– Clipping	/	averaging	
• Step	2	– 500	MB	of	final	product	moved	to

local	workstation	in	minutes	…

Single	Reanalysis	Estimation	of	the
Contribution	of	Irrigation	to	Precipitation



For	more	information	…

Schnase, J.L., 2016. Climate Analytics as a Service.
In: Vance, T.C., Merati, N., Yang, C., Yuan, M. (Eds.), 
Cloud Computing in Ocean and Atmospheric Sciences. 
Academic Press, pp. 187-219. ISBN: 9780128031926, 
http://dx.doi.org/10.1016/B978-0-12-803192-6.00011-6 


