


%"

2015;	Bornemann	et	al.	2019).	But	this	task	is	often	assumed	to	be	solely	the	decision-(+ "

makers’	responsibility	(Briley	et	al.	2015),	and	is	not	considered	a	research	problem	per	(! "

se.	However,	resource	managers	may	not	know,	a	priori,	the	types	of	climatic	metrics	(# "

that	could	be	most	useful,	and	scientists	may	not	always	know	whether	they	can	($ "

provide	information	on	decision-relevant	metrics	with	reasonable	skill	(Briley	et	al.	(%"

2015;	Porter	and	Dessai	2017;	Lemos	et	al.	2012).	This	means	that	directly	asking	(&"

decision-makers	to	explain	the	types	of	climate	information	they	need	is	rarely	(' "

sufficient.	Therefore,	few	studies	have	systematically	identified	decision-relevant	(( "

metrics	for	sectoral	adaptations	(Hackenbruch	et	al.	2017;	Vano	et	al.	2019;	Bornemann	() "

et	al.	2019).	‘Co-production’,	or	iterative	and	continual	engagement	between	scientists	(* "

and	decision-makers,	is	often	suggested	as	a	means	to	enable	mutual	learning	and	)+ "

reconciliation	between	managers’	needs	and	scientific	priorities	(Lemos	2015;	Kirchhoff	)! "

et	al.	2013a;	Weaver	et	al.	2014;	Vogel	et	al.	2016;	Kolstad	et	al.	2019).	It	can	thus	help	)# "

to	identify	decision-relevant	climatic	metrics	that	are	also	tractable	for	modellers.	)$ "

That	being	said,	not	all	co-production	efforts	have	led	to	positive	outcomes	(Lemos	et	al.	)%"

2018),	or	have	been	successful	at	understanding	and	responding	to	resource	managers’	)&"

needs	(Lemos	et	al.	2018;	Porter	and	Dessai	2017).	The	success	of	co-production	is	)' "

predicated	on	the	level	and	quality	of	interactions	between	(and	within)	different	)( "

groups	(Porter	and	Dessai	2017;	Wall	et	al.	2017;	Kirchhoff	et	al.	2013b;	Mach	et	al.	)) "

2019;	Lemos	et	al.	2018;	Meinke	et	al.	2006).	While	the	literature	provides	rich	)* "

guidance	on	the	general	principles	and	prerequisites	for	successful	co-production	*+ "

(Hegger	et	al.	2012;	Meadow	et	al.	2015;	Lemos	and	Morehouse	2005;	Beier	et	al.	2017),	*! "

there	is	a	dearth	of	empirically-grounded	guidance	on	co-production	processes	that	*# "

have	worked	in	practice	(Djenontin	2018;	Lemos	et	al.	2018;	Parker	and	Lusk	2019).	*$ "
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Discussion	and	Conclusions	$#) "

In	this	paper,	we	open	up	the	black	box	of	co-production	and	document	in	detail	the	$#* "

strategies	that	enabled	(and	did	not	enable)	the	creation	of	decision-relevant	science.	$$+"

We	illustrate	how	co-production	works	in	practice	by	analyzing	the	numerous	back-$$! "

and-forth	collaborative	engagements	of	Project	Hyperion,	and	describing	how	the	$$#"

science	changed	and	evolved	during	the	process.	By	describing	how	climate	scientists	$$$"

and	water	managers	(eventually)	crossed	the	boundaries	of	both	mandate	and	$$%"

epistemology	to	co-produce	decision-relevant	metrics,	we	add	to	the	sparse	literature	$$&"

on	‘how	and	when’	co-production	works.	To	our	knowledge,	this	is	the	first	study	to	$$' "

document	in	detail	the	actionable	climatic	metrics	for	adaptive	water	management,	and	$$( "

the	co-production	processes	needed	to	arrive	at	such	metrics.	Our	outcomes	(i.e.	the	co-$$) "

produced	decision-relevant	metrics),	can	be	used	as	inputs	for	developing	actionable	$$* "

climate	science	for	adaptation	in	the	water	sector.	Our	learnings	on	engagement	$%+"

approaches	provide	co-production	scholars	with	insights	on	how	to	design	and	$%!"

implement	productive	scientist-decision-maker	interactions.		$%#"

We	found	that	identifying	problem-specific	climatic	metrics	is	even	more	iterative,	and	$%$"

needs	more	social	and	technical	negotiations,	than	is	generally	implied	in	the	literature	$%%"

promoting	co-production.	These	metrics	often	represent	new	scientific	directions	for	$%&"

the	scientists	as	well	as	new	ways	of	management	for	the	water	managers.	The	$%'"

commonly	used	direct	approach	to	identifying	decision-makers’	information	needs	was	$%("

insufficient	for	getting	at	the	quantitative	details	of	climatic	metrics,	even	when	the	$%)"

decision-makers	had	high	levels	of	scientific	knowledge.	We	found	that	the	task	of	$%*"

translating	user	needs	into	quantitative	metrics	needs	the	expertise	of	both	resource	$&+"

managers	and	climate	scientists,	as	well	as	an	enabling	process	for	both	groups’	$&! "
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knowledge(s)	to	evolve.		Hence,	a	judicious	mix	of	direct	and	indirect	approaches	was	$&#"

needed	to	“make”	these	metrics.	The	indirect	methods,	in	particular,	revealed	the	$&$"

groups’	tacitly-held	knowledge	and	allowed	a	comprehensive	set	of	shared	learnings	to	$&%"

emerge.	Key	indirect	strategies	included	developing	a	hierarchical	framework	linking	$&&"

management	issues	with	actionable	metrics	and	upstream	phenomena;	starting	$&' "

discussions	from	the	planning	challenges	and	then	moving	to	the	model-specific	$&("

metrics;	collaboratively	exploring	the	planning	relevance	of	new	models,	datasets	and	$&)"

scientific	findings	that	managers	did	not	yet	know	about;	and	using	analogies	of	good	$&*"

metrics	from	other	hydroclimatic	phenomena.	Eventually,	the	twin	functions	of	the	$'+ "

metrics	--	of	being	decision-relevant	and	extending	model	capability	--		spoke	to	both	$'! "

the	decision-makers’	and	the	scientists’	priorities,	and	allowed	both	groups	to	co-exist	$'# "

within	the	project.	Additionally,	the	institutionalization	of	the	boundary	spanning	role,	$'$ "

and	the	domain	expertise	of	at	least	one	boundary	spanner	(an	under-appreciated	$'%"

phenomenon	in	the	co-production	literature),	proved	to	be	crucial	for	effective	trans-$'& "

boundary	translation.		$'' "

Although	the	co-production	was	time-consuming,	the	richness	of	our	understanding	$'( "

came	from	analyzing	the	many	iterative	back-and-forth	engagements,	where	even	the	$') "

processes	that	did	not	fully	work	were	essential	to	get	to	the	processes	that	did	$'* "

eventually	work.	Co-production	is	often	presented	as	an	outcome	in	itself,	rather	than	as	$(+ "

a	means	to	an	end	(Lemos	et	al.	2018).	This	perspective	may	have	its	merits,	but	we	$(! "

argue	that	the	ability	to	achieve	desired	outcomes	is	quite	sensitive	to	how	the	co-$(# "

production	process	is	structured	and	implemented.	More	critical	assessments	of	specific	$($ "

co-production	processes	would	help	to	move	the	practice	forward	more	efficiently,	and	$(%"

to	meet	the	growing	need	for	actionable	climate	science	across	many	sectors	of	society.			 	$(&"
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FIG.	3.	Hierarchical	framework	with	examples.	&$$"
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#&"

Figures	and	Tables	&$*"

	&%+"

FIG.	1.	Co-production	process	and	timeline	summarising	key	engagement	activities	over	the	&%!"

course	of	a	year,	along	with	the	most	important	outcomes	at	each	stage	(depicted	by	the	blue	&%#"

document	icon).	‘Sci’	refers	to	Scientists,	‘WM’	refers	to	Water	Manager	and	‘HC	ph.’	refers	to	&%$"

Hydroclimatic	Phenomena.	For	details	of	each	of	these	activities	please	see	the	Supplement.	&%%"

There	was	constant	boundary	spanning	work	during	and	between	each	of	these	activities.	&%&"

	 	&%'"
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	&%("

FIG.	2.	Dialogue	between	Water	manager	(W)	and	Boundary	spanner	(B)	showing	the	benefits	&%)"

of	having	a	modeller	as	a	“translator”	of	the	water	manager’s	description	of	information	needs	&%*"

into	quantitative	metrics	that	can	be	pursued	by	modellers.	&&+"

	&&!"

	 	&&#"
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