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Preface 
 
The EarthCube Workflows Community Group was formed in March 2012 as part 
of the NSF EarthCube initiative in response to initial discussions in EarthCube 
that occurred during 2011.  Workflows are used to manage complex 
computations that have many steps or use large data.  Workflow systems assist 
scientists to select models appropriate for their data, configure them with 
appropriate parameters, and execute them efficiently. The EarthCube community 
saw great value in workflow technologies for the future of geosciences.   
 
The goal of the EarthCube Workflows Community Group was to begin to elicit 
requirements for workflows in geosciences, ascertain the state of the art and 
current practices, identify current gaps in both the use of and capabilities of 
current workflow systems in the earth sciences through use case studies, and 
identify grand challenges for the next decade along with the possible paths to 
addressing those challenges.  
 
The group was asked to produce a roadmap for workflows in geosciences. Three 
other Community Groups were formed (Data, Semantics and Ontologies, and 
Governance), and each was asked to create a roadmap in their area.  NSF 
guidance for the roadmap was to structure it in the following ten sections: 
 

1. Purpose: Introduction, including community(ies) to be served, technical 
area(s) of the roadmap, and brief discussion what improvements in the 
present state-of-the-art in geoscience data discovery, management, access, 
or utilization it will enable.  Also include examples of how the outcomes from 
your effort will enable the community to be more productive and capable. 

2. Communication: Description of a communications plan with end users, 
developers, and sponsors, as well as links to and feedback from other 
EarthCube community groups and EarthCube concept projects to promote 
systems integration and accelerate development.  Include a discussion of 
needed interactions with allied fields, agencies, and other related activities 
(present and desired). 

3. Challenges: Description of major drivers, trends, and shifts impacting or that 
could impact the focus of a working group, including but not limited to 
changing technology, adoption culture, and community engagement.   

4. Requirements: Process(es) to be used to get the necessary technical, 
conceptual, and/or community (i.e., end-user) requirements at the outset and 
during the life of the activity, including approaches to achieving 
community/end-user consensus. 

5. Status: Description of the state of the art within the topical area of your 
roadmap.  This should include approaches and technologies from 
geoscience, cyberinfrastructure, and other fields, the public or commercial 
sector, etc. that have the potential to benefit the EarthCube enterprise.   

6. Solutions: Process for the identification and comparison (pros and cons) of 
approaches and technology solutions that will contribute to the EarthCube 



goal of satisfying current and future research needs of the geoscience end-
user. 

7. Process: Process(es) to develop community standards, protocols, test data, 
use cases, etc. that are necessary to mature the functionality of the topical 
area and promote interoperability and integration between elements of 
EarthCube. 

8. Timeline: Timeline for the project and all related sub-projects, including 
prioritization of activities and measurable milestones/major achievements 
and total resources (human and financial) required to achieve roadmap goals 
over a period of the next 3 to 5 years.   

9. Management: Management/governance/coordination plan and decision-
making processes necessary to successfully establish standing committee(s) 
and subcommittees (if warranted), including a plan to identify and respond to 
shifts in technologies and changing needs at the end-point of use. Include 
discussion of approaches to educating end-users and achieving community 
consensus on advancing the capability/technological solution. 

10. Risks: Identification of risks and additional challenges to the successful 
establishment of any working group, and any unique risks associated with a 
working group associated with your topical area.  With respect to identified 
risks, an approach to risk mitigation should be addressed 

 
The group held a series of virtual and face-to-face workshops to solicit 
participation from the geosciences community and other relevant researchers. 
 
The EarthCube Workflows Community Group set up a public web site where all 
their activities were made open for participation from the community and all 
documents were posted for public access and editing 
(https://sites.google.com/site/earthcubeworkflow/).  Presentations and 
discussions were recorded and posted on the site.  
 
A key result of the work of the EarthCube Workflows Community Group activities 
in Spring and Summer 2012 was the creation of a workflows roadmap for the 
geosciences.  An initial roadmap document for the EarthCube community that 
was first released in June 2012 and presented to the EarthCube community.  A 
revised roadmap was delivered to the community in August 2012. The roadmap 
serves as a living document created as a group effort with provisions and a 
process to update and extend it over time. 
 
This document represents the final roadmap of the NSF EarthCube Community 
Group for workflows in the geosciences.  Community feedback is always 
welcome, as the roadmap will be revised and extended while EarthCube 
activities continue. 
 

 
The EarthCube Workflows Community Group  
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"$&=+*D'.-*!"#'&($'2/14/!#"'/".'/%%!%&%'!".!C!.-/,'-%$*%'=!&('!"&$*"$&'2+""$2&!C!&>'-%!"#'

2$,,-,/*'2+11-"!2/&!+"%'&$2("+,+#>'/%'=$,,:'

''

$"#5-6-3$#*/(4*#%$6'4-*/(*$(73'(-*8'-34*9/&/3$)')'6($'@AB'J!$,.'F/&/,+#'!%'/'=$8)8/%$.'

&++,'&(/&'/,,+=%'&($'4*+K$2&'4/*&!2!4/"&%'&+'4+%&'G/".'/22$%%H'+4$*/&!+"%'/".'1!%%!+"L%2!$"&!0!2'

*$4+*&%3'+4$*/&!+"/,'/".'4*$,!1!"/*>'*$%$/*2('!1/#$*>L4*+.-2&%'G$:#:'%/&$,,!&$3'%-*0/2$3'-44$*'

/!*3'*/./*H3'1+.$,'+-&4-&'0!$,.%3'/".'4*+K$2&'.+2-1$"&/&!+":'6($'J!$,.'F/&/,+#'!%'-%$.'&+'

1/D$'+4$*/&!+"/,'.$2!%!+"%'.-*!"#'&($'0!$,.'4(/%$'/%'=$,,'/%'4*+C!.$'/'4*+K$2&'%-11/*>'

/".'M8*+=%$N'&++,'0+*'-%$'8>'*$%$/*2($*%'!"'&($'4+%&)0!$,.'/"/,>%!%'4(/%$:'@AB'2-%&+1!O$%'&($'

J!$,.'F/&/,+#'0+*'%4$2!0!2'4*+K$2&'*$P-!*$1$"&%'/".'8$#!"%'+4$*/&!"#'!&'/44*+Q!1/&$,>'R'1+"&('

4*!+*'&+'0!$,.'.$4,+>1$"&:'6(!%'/,,+=%'$"+-#('&!1$'0+*'&($'S?%'&+'*$C!$='&($'4*+.-2&%'/".'1/D$'

/">'1+.!0!2/&!+"%'/%'"$$.$.'8$0+*$'0!$,.'+4$*/&!+"%'8$#!":'@AB'1+"!&+*%'/".'1/!"&/!"%'&($'

J!$,.'F/&/,+#'&(*+-#('&($'.-*/&!+"'+0'&($'.$4,+>1$"&'/".'/,%+'4*+C!.$%'!")0!$,.'%-44+*&'/".'
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/*2(!C$:

''

@AB'(/%'*$2$"&,>'.$C$,+4$.'/'1-,&!)=/>'1!**+*$.'2/&/,+#'%>%&$1'&(/&'/,,+=%'4*+.-2&%'/".'

*$4+*&%'#$"$*/&$.'0+*'&($'4*+K$2&'/&'*$1+&$',+2/&!+"%'&+'8$'%$"&'&+'/'J!$,.'F/&/,+#'/&';FET'

GI+-,.$*H'/".'&($"'*$,/>$.'8/%$.'+"'/'4*!+*!&>'%>%&$1'&+'+&($*',+2/,'2/&/,+#%'=!&('C/*>!"#'

,$C$,%'+0'8/".=!.&('G$:#:'%(!4%H:'?&'/,%+'/,,+=$.'-%$*%'&+'P-!2D,>'-4,+/.'4*+.-2&%'/".'*$4+*&%'&+'
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&($'=+*,.:
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"#$%&!'()*+,-.!/)0'(-1-2.+*-!.3'')(4!5)(!+2*-.4+674)(!,747!.380+..+)2!72,!7/93+.+4+)2:!

,747!7//-..!/)24();:!0-47,747!6-2-(74+)2:!'()<-/4!,747.-4!+2*-24)(=!72,!4(7/>+26:!0-47,747!

/747;)6.:!,747.-4!7(/1+*7;!72,!;)26?4-(0!.4-@7(,.1+'A!!"BC!'()*+,-.!;+2>.!4)!03;4+?76-2/=!

,747!')(47;.:!72,!/(-74-.!/)0'74+8;-!0-47,747!72,!,747!7//-..!+25(7.4(3/43(-!41()361!7!

0),3;7(!72,!-D4-2.+8;-!7(/1+4-/43(-A!E1-!"#$%&!17.!41-!/7'78+;+4=!4174!7;;)@.!41-!-D')(4!

)5!0-47,747!+2!7!*7(+-4=!)5!5)(074.!F-A6A!GHBIJIIK:!ELM"$$H:!N#C:!-4/AOA!E1+.!7;;)@.!5)(!

'()<-/4!,747.-4.!4)!8-!,+./)*-(78;-!41()361!7!*7(+-4=!)5!)41-(!/747;)6.!72,!')(47;.!.3/1!7.!41-!

P%H%!Q;)87;!&1726-!#7.4-(!$+(-/4)(=!FQ&#$OA

!

"BC!,-*-;)'.!72,!+0';-0-24.!7!.-(+-.!)5!'()<-/4!,747!07276-0-24!@-8!'76-.!4)!'()*+,-!

7//-..!4)!7;;!,+.4(+834-,!'()<-/4!,747!.-4.:!,)/30-2474+)2:!)2?;+2-!R+-;,!&747;)6!'(),3/4.:!

/);;78)(74+26!'()<-/4!,747!7(/1+*-.:!,747!.380+..+)2!63+,-;+2-.!72,!+2.4(3/4+)2.:!72,!)41-(!

(-;-*724!,747!;+2>.!5)(!41-!;)26?4-(0!7(/1+*-A!"BC!'()*+,-.!S)2-?.4)'!.1)''+26T!5)(!7;;!

,747.-4.!41()361!7!@-8?87.-,!S#7.4-(!U()<-/4!$747.-4!C+.4T!4174!'()*+,-.!;+2>.!4)!7//-..!7;;!

'()<-/4!,747V0-47,747!74!"BC!72,!)41-(!,+.4(+834-,!(-;74-,!'()<-/4!,747.-4.A!E1+.!#7.4-(!C+.4!

+.!/)24+237;;=!3',74-,!7.!2-@!,747.-4.!8-/)0-!7*7+;78;-A!U7..@)(,!'()4-/4+)2!/72!8-!7'';+-,!

4)!41).-!,747.-4.!+2!7//)(,72/-!@+41!41-!'()<-/4!,747!');+/=!72,!,747!'()*+,-(!(-.4(+/4+)2.A!G2!

7,,+4+)2:!"BC!F+2!/))(,+274+)2!72,!/)2.3;474+)2!@+41!41-!'()<-/4!UG.O!,-*-;)'.!72,!07+247+2.!7!

'38;+/74+)2.!;+.4!7.!41-!'()<-/4!-24-(.!41-!').4?5+-;,!,747!727;=.+.!'17.-A

!!



!"#$%&'($)*(+,-.'$'/))(*0$0($1('0,23$(*$(*3%2,4,23$)*(5.60$'6,.20,7,6$8..0,23'$%2-$-%0%$

9(*:'1()';$<2$8%2=$6%'.'$01,'$,2+(&+.'$)*(+,-,23$').6,%&,4.-$-%0%$'.*+,6.'$'/61$%'$-%0%$

'.*+.*'$%&&(9,23$01.$)%*0,6,)%20'$0($%66.''$%2-$9(*:$9,01$-%0%$-/*,23$01.$>(*:'1()$0($7('0.*$

6(&&%?(*%0,(2;$

$

@(,20$(7$A(20%60B$C,:.$D%2,.&'E$F-%2,.&'G/6%*;.-/HE$A(8)/0,23$D%0%$%2-$I(709%*.$J%6,&,0=E

KALM$!%*01$"?'.*+,23$#%?(*%0(*=N$I0.+.$>,&&,%8'E$F'79G/6%*;.-/HE$A(8)/0,23$

D%0%$%2-$I(709%*.$J%6,&,0=E$KALM$!%*01$"?'.*+,23$#%?(*%0(*=N$O*.3$I0(''8.,'0.*E$

F3'0(''G/6%*;.-/HE$A(8)/0,23$D%0%$%2-$I(709%*.$J%6,&,0=E$KALM$!%*01$"?'.*+,23$

#%?(*%0(*=

$

!"#$%&'()*'+,$-.&+/$-00.&//&0$12$3(*/$45+06+7

I6,.20,7,6$ 9(*:7&(9'$ %*.$ %$ 6.20*%&$ .&.8.20$ (7$ 8(-.*2$ 6=?.*,27*%'0*/60/*.E$ 0=),6%&&=$
/'.-$0($-.'6*,?.E$6(8)('.E$8(-.&E$%2-$.P.6/0.$.2'.8?&.'$(7$'6,.20,7,6$6(8)/0%0,(2'E$
-%0%$ %2%&='.'$ (*$ +,'/%&,4%0,(2'$ (2$ -,'0*,?/0.-$ *.'(/*6.'$ QD..&8%2$ %2-$O,&$ .-;E$ RSSTE$
O,&E$ RSSUV;$ W1.$ )*.'6*,)0,+.$ %2-$ -.'6*,)0,+.$ *.)*.'.20%0,(2'$ (7$ 9(*:7&(9'$ Q6%&&.-$
)*(+.2%26.V$9,&&$ ?.$ /'.7/&$ 7(*$ )/?&,'1,23E$ -,'6(+.*,23E$ %2-$ *.)*(-/6,23$ 6(8)/0%0,(2%&$
*.'/&0'$,2$3.('6,.26.';$I6,.20,7,6$9(*:7&(9'$9,01,2$01.$3.('6,.26.'$*%23.$7*(8$),).&,2.'$
/'.-$ 0($ 6*.%0.$ 6(88/2,0=$ -%0%$ )*(-/60'$ 0($ *.%&X0,8.$ )*(6.'',23$ (7$ '.2'(*$ -%0%E$ 0($
,2-,+,-/%&$ *.'.%*61.*'Y$ /2,Z/.$ 6(8)/0%0,(2';$ A/**.20$ '0%0/'$ (7$ 01.$ '0%0.X(7X01.X%*0$ ,2$
3.('6,.26.$,'$-,'6/''.-$,2$-.0%,&$,2$I.60,(2$[E$\I0%0/'];$
$
W1.$ -.+.&()8.20$ %2-$ -.)&(=8.20$ (7$ 9(*:7&(9$ 0.612(&(3,.'$ .26(8)%''.'$ %$ ?*(%-$
*%23.$ (7$ 61%&&.23,23$ 0(),6'$ ,26&/-,23$ -,'0*,?/0.-$ .P.6/0,(2$8%2%3.8.20E$ 01.$ 6(/)&,23$
(7$8/&0,)&.$8(-.&'$ ,20($6(8)(',0.$%))&,6%0,(2'E$ 01.$ ,20.3*%0,(2$(7$%$9,-.$*%23.$(7$-%0%$
'(/*6.'$ Q*%23,23$ 7*(8$ *.%&X0,8.$ 0($ %*61,+%&$ -%0%V$9,01$ )*(6.'',23E$ %2-$ 01.$ 6*.%0,(2$ (7$
*.7,2.-$-%0%$)*(-/60'$ 7*(8$*%9$-%0%;$ $L--,0,(2%&$61%&&.23.'$6(26.*2$ 01.$ ,20.*%60,(2$(7$
'6,.20,'0'$ 9,01$ 9(*:7&(9$ '='0.8'E$ '($ 01%0$ 9(*:7&(9'$ 6%2$ ?.$ .%',&=$ 6*.%0.-E$ +%&,-%0.-E$
)/?&,'1.-E$ +,'/%&,4.-E$ %2-$ *./'.-;$ $ I..$ I.60,(2'$ ^E$ \A1%&&.23.']$ %2-$ I.60,(2$
_E$\M.Z/,*.8.20']$(7$01,'$*(%-8%)$7(*$8(*.$,27(*8%0,(2;
$
C%2=$*.Z/,*.8.20'$,2$01,'$*(%-8%)$*.Z/,*.$7/2-%8.20%&$*.'.%*61$,2$6(8)/0.*$'6,.26.;$$
@%*0$ (7$ 01.$ 9(*:$ 0($ ?.$ -(2.$ /2-.*$ 01,'$ *(%-8%)$ ,'$ 0($ ,-.20,7=$ 01.'.$ ?%',6$ *.'.%*61$
%*.%'$ ,2$ 6((*-,2%0,(2$ 9,01$ 6(8)/0.*$ '6,.26.$ *.'.%*61.*'E$ %2-$ 0($ .'0%?&,'1$ )*,(*,0,.'$
7(*$!%*01A/?.;$$A(8)/0.*$'6,.26.$*.'.%*61.*'$2..-$0($?.$?*(/310$ ,20($01.$!%*01A/?.$
6(88/2,0=$ 0($)%*0,6,)%0.$%'$ 01.=$9,&&$ ?.$6*/6,%&$ 6(20*,?/0(*'$ 0($ 01.$%66(8)&,'18.20$(7$
01.$3(%&'$,2$01,'$*(%-8%);$

!"8$$967.5:&6&)3/$35$3(&$;3+3&<5=<3(&<-.3$>)+1,&0$12$3(*/$45+06+7

W1.$(+.*%*61,23$3(%&$(7$ 01.$9(*:7&(9$ *(%-8%)$ ,'$ 0($8%:.$9(*:7&(9$ 0.612(&(3,.'$%2-$
'(709%*.$ /?,Z/,0(/'$ 9,01,2$ 01.$ 3.('6,.26.';$ $ >(*:7&(9$ *.'.%*61.*'$ 1%+.$ %&*.%-=$
,2+.'0,3%0.-$ %$9,-.$ *%23.$(7$ )*(?&.8'$ *.&.+%20$ 0($ 3.('6,.20,'0';$ $>.$8/'0$ 2(9$9(*:$
0(3.01.*$ 0($ ,8)*(+.$ 8/0/%&$ /2-.*'0%2-,23$ (7$ *.Z/,*.8.20'$ %2-$ 61%&&.23.'E$ ,26*.%'.$
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1#7%3!.*) 7#.) %2#1*) -.#5$1) '#%) /5..*'%,6) 51&'-) !'6) !'") %#) &0$.#+*) *;&1%&'-) 3#.:7,#3)
161%*01)1#)%2!%)%2*6)0**%)%2*)'**"1)#7)-*#1/&*'%&1%1)=15/2)!1)&'/.*!1&'-)*!1*)#7)51*()
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