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EXECUTIVE SUMMARY 

Climate	change	is	already	having	impacts	on	nature,	ecosystem	services	and	people	in	
southwestern	Colorado	and	is	likely	to	further	alter	natural	landscapes	in	the	coming	decades.	
Understanding	the	potential	changes	and	developing/implementing	adaptation	strategies	can	help	
ensure	that	natural	landscapes	and	human	communities	remain	healthy	in	the	face	of	a	changing	
climate.		

An	interdisciplinary	team,	consisting	of	social,	ecological	and	climate	scientists,	developed	an	
innovative	climate	planning	framework	and	applied	it	with	the	Gunnison	Climate	Working	Group	
and	other	stakeholders	in	the	Upper	Gunnison	River	Basin	to	develop	adaptation	strategies	for	two	
significant	landscapes,	spruce‐fir	forests	and	sagebrush	shrublands,	under	three	future	(2020‐
2050)	climate	scenarios.	This	report	summarizes	the	planning	framework	and	results	for	the	
spruce‐fir	landscape	(see	separate	report	for	sagebrush	results).	This	framework	can	be	utilized	to	
develop	strategies	for	other	landscapes	at	local,	state,	and	national	scales.	

Diagrams,	narrative	scenarios	and	maps	that	depict	climate	scenarios	and	the	social‐ecological	
responses	helped	portray	the	climate	story	in	the	face	of	an	uncertain	future.		Interviews	and	focus	
groups	with	managers,	agency	staff	and	stakeholders,	users	of	the	spruce‐fir	landscape,	provided	
important	context	and	to	improve	the	planning	process	for	developing	strategies	that	meet	both	
social	and	ecological	needs.	

Utilizing	the	climate	stories	to	understand	the	impacts	to	social	and	ecological	landscapes,	the	team	
worked	with	stakeholders	to	develop	three	overarching	landscape	scale	adaptation	strategies	for	
the	spruce‐fir	landscape.	Each	of	these	strategies	has	a	suite	of	potential	actions	required	to	reach	a	
desired	future	condition.		

The	two	primary	disturbances	of	concern	that	are	likely	to	be	exacerbated	by	climate	change	in	the	
spruce‐fir	forest	are	wildfire	and	insect	outbreaks;	the	impacts	of	greatest	concern	to	this	landscape	
are	altered	fire	regime	and	altered	species	composition.	The	three	key	strategies	developed	through	
this	project	to	address	these	and	other	climate	impacts	are:	1)	identify	and	protect	climate	refugia	
sites	(persistent	areas),	2)	maintain	or	enhance	the	resilience	of	the	climate	refugia	sites,	and	3)	
accept,	assist,	and	allow	for	transformation	in	non‐climate	refugia	sites.		

If	adopted	by	the	local	community,	including	land	managers	and	landowners,	the	framework	and	
strategies	resulting	from	this	project	can	help	to	reduce	the	adverse	impacts	of	climate	change,	
allowing	for	a	more	sustainable	human	and	natural	landscape.		
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INTRODUCTION 

Environmental	change	is	a	constant	feature	of	natural	resource	management	in	the	western	US.		
Fire,	drought,	insect	infestations,	and	invasive	species	present	pervasive	challenges	to	conservation	
and	management.	Southwestern	Colorado	is	already	experiencing	higher	temperatures,	more	
frequent	and	prolonged	drought,	earlier	snowmelt,	larger	and	more	intense	wildfires,	more	
extreme	weather	events,	and	spread	of	invasive	species	(Saunders	et	al.	2008;	Rangwala	et	al.	2010;	
and	Lukas	et	al.	2014).		These	changes	are	expected	to	intensify	as	a	result	of	climate	change,	
putting	livelihoods,	ecosystems,	public	lands	and	species	at	risk.	

Climate	change	poses	significant	challenges	for	both	ecological	systems,	human	communities	and	
natural	resource	managers	in	Southwestern	Colorado.	Resource	managers	need	to	consider	climate	
change	in	management	decisions	and	long‐term	planning.	Yet,	while	they	are	increasingly	being	
tasked	to	incorporate	climate	change	into	planning	and	management,	many	barriers	and	challenges	
exist	that	complicate	integrating	climate	information	and	producing	robust	adaptation	strategies.		
Climate	change	information	is	often	available	at	a	coarse	spatial	scale	and	projected	over	long	time	
periods	with	a	large	spread	in	the	projections	between	the	different	climate	models.	This	makes	it	
difficult	for	managers	to	integrate	climate	change	into	local	management	plans	which	often	have	
shorter	time	horizons.	Furthermore,	the	uncertainty	of	how	climate	will	change	in	hard‐to‐model	
mountainous	landscapes	increases	the	difficulty	of	this	task.	

To	address	these	challenges,	a	team	of	social,	natural	and	climate	scientists	and	planners	worked	
for	almost	three	years	with	the	Gunnison	Climate	Working	Group	[1]	(GCWG),	a	public‐private	
partnership	working	to	prepare	for	change	in	the	Gunnison	Basin,	and	other	stakeholders	on	this	
collaborative	effort	to	develop	practical	adaptation	strategies	for	selected	systems	in	the	Gunnison	
Basin.	The	GCWG	consists	of	natural	resource	management	agencies,	non‐profit	organizations,	
university	professors,	local	government	officials	and	other	stakeholders.	The	team	was	led	by	the	
Colorado	Natural	Heritage	Program	(CNHP),	The	Nature	Conservancy	(TNC),	University	of	Montana	
(UM),	and	U.S.	Geological	Survey	(USGS).	A	second	team	led	by	Mountain	Studies	Institute	and	
CNHP	completed	a	similar	effort	in	the	San	Juan	Basin	focused	on	pinyon‐juniper	woodlands	and	
seeps	and	springs.		

The	goal	of	this	project	was	to	facilitate	climate	change	adaptation	that	contributes	to	social‐
ecological	resilience,	ecosystem	and	species	conservation,	and	sustainable	human	communities	in	
southwestern	Colorado.	This	collaborative	effort	has	developed	and	piloted	an	integrated	
adaptation	planning	framework,	consisting	of	tools	and	principles	that	merge	the	strengths	of	the	
iterative	scenario	process	(Murphy	et	al.	2016),	Stein	et	al.	2014,	the	Adaptation	for	Conservation		

	 	

																																																													
[1]	Gunnison	Climate	Working	Group	Members:	Bureau	of	Land	Management‐Gunnison	Field	Office,	Colorado	Natural	
Heritage	Program;	Colorado	Parks	and	Wildlife,	Curecanti	National	Recreation	Area	and	Black	Canyon	of	the	Gunnison	
National	Park,	Gunnison	Conservation	District,	Gunnison	County,	Gunnison	County	Stockgrowers	Association,	Gunnison	
Conservation	District,	Lake	Fork	Valley	Conservancy,	Natural	Resources	Conservation	Service,	Rocky	Mountain	Biological	
Lab,	The	Nature	Conservancy,	Upper	Gunnison	River	Water	Conservancy	District,	US	Fish	and	Wildlife	Service,	US	Forest	
Service,	Western	State	Colorado	University,	and	Western	Water	Assessment. 
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Targets	(ACT)	planning	framework	(Cross	et	al.	2012),	institutional	analysis,	and	climate	change	
modeling.		

The	framework	was	used	to	generate	practical	strategies	and	scientific	knowledge	to	advance	
climate	change	adaptation	in	the	Gunnison	and	San	Juan	Basins	and,	potentially,	other	landscapes.		
A	key	objective	of	this	project	was	to	work	with	decision‐makers	to	develop	social‐ecological	
adaptation	strategies	and	actions	to	reduce	the	impacts	of	a	changing	climate	on	nature	and	people.	
To	accomplish	this	objective,	the	project	blended	science	(biophysical	and	social)	with	participatory	
approaches	to	integrate	expert	knowledge,	land	management	decision	making,	and	local	needs	

For	the	purposes	of	this	project,	an	adaptation	target	is	a	feature	(livelihood,	species,	ecological	
system,	or	ecological	process)	of	concern	that	sits	at	the	intersection	of	climate,	social	and	
ecological	systems	(adapted	from	Cross	et	al.	2012).		Resilience	is	the	capacity	of	a	system	to	absorb	
disturbance	and	continue	to	retain	its	basic	function	and	structure.	Resilience	strategies	may	
include	managing	for	the	persistence	of	current	conditions,	accommodating	change,	or	managing	
towards	desired	new	conditions	(Department	of	Interior	NPS,	2016).	Transformation	is	the	
expectation	and	acceptance	that	a	conversion	to	a	new	ecosystem	type	is	likely	to	occur.	
Transformation	strategies	support	and	facilitate	system	changes	to	an	altered	state	based	on	a	
predicted	future	climate.	These	and	other	terms	are	defined	in	the	glossary	(Appendix	A).	

The	intended	audience	for	this	report	is	the	implementers	of	the	adaptation	strategies	–	the	
stakeholders	and	partners	who	participated	in	the	project	process	for	almost	three	years:	natural	
resource	managers,	non‐profit	organizations,	local	officials,	local	community	members,	and	others.	

Project Objectives 

1. Build	knowledge	of	social‐ecological	vulnerabilities	to	inform	adaptation	planning.	
2. Create	social‐ecological	scenarios	and	models	to	facilitate	decision‐making	under	uncertainty.	
3. Develop	a	detailed	set	of	actionable	and	prioritized	adaptation	strategies	designed	to	conserve	

key	species,	ecosystems,	and	resources,	and	to	address	the	needs	of	local	communities	and	
natural	resource	managers.	

4. Identify	the	adaptive	capacities	and	the	institutional	arrangements	needed	to	move	these	
strategies	into	decision‐making	arenas.	

5. Document	best	practices	for	effectively	bringing	climate	science	into	decision‐making.	

Deliverables 

1. Innovative,	effective,	integrated	social‐ecological	adaptation	planning	tools	and	principles	that	
can	be	applied	in	other	landscapes.	

2. Climate	scenarios	and	narrative	scenarios	of	landscape	change	in	southwestern	Colorado	and	
conceptual	ecological	models	(ecological	response	models)	that	can	be	used	in	adaptation	
planning.	

3. Summary	reports	on	interview	and	focus	group	results.	
4. An	institutional	analysis.	
5. A	set	of	actionable	adaptation	strategies	for	priority	ecosystems	that	include	specific	

conservation/adaptation	targets	and	action	steps/paths	to	implementation.		
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6. Manuscripts	focused	on	adaptation	decision‐making	and	adaptive	capacity,	institutional	
analysis,	and	results	and	lessons	learned	from	the	integrated	adaptation	framework.		

7. Guidelines	and	a	toolkit	for	practitioners	to	employ	integrated	adaptation	planning	in	other	
landscapes.	

Funding 

This	project	was	funded	by	the	Department	of	Interior’s	(DOI)	North	Central	Climate	Science	Center	
(NCCSC),	Ft.	Collins,	Colorado.	The	Nature	Conservancy	provided	additional	funds,	largely	for	
workshops	and	meetings,	to	leverage	the	NCCSC	grant.	The	USFS	Rocky	Mountain	Research	Station	
(RMRS)	also	provided	financial	support	for	social	science	expertise.	

Project Team and Gunnison Basin Partners 

The	project	team	consisted	of	representatives	of	Colorado	Natural	Heritage	Program	(CNHP),	
Colorado	State	University	(CSU),	Mountain	Studies	Institute	(MSI),	RMRS,	The	Nature	Conservancy	
(TNC),	University	of	Cincinnati	(UC),	University	of	Colorado	(CU)	and	University	of	Montana	(UM),	
U.S.	Geological	Survey	(USGS),	and	Western	Water	Assessment	(WWA)/National	Oceanic	and	
Atmospheric	Administration’s	(NOAA)	Physical	Sciences	Division.	

Key	partners	and	stakeholders	participating	in	this	project	include	the	Gunnison	Climate	Working	
Group	(GCWG),	consisting	of	the	Bureau	of	Land	Management	(BLM)‐Gunnison	Field	Office,	
Colorado	Parks	and	Wildlife	(CPW),	Gunnison	County,	Curecanti	National	Recreation	Area	and	
Black	Canyon	of	the	Gunnison	National	Park	(NPS),	Natural	Resources	Conservation	Service	
(NRCS),	Upper	Gunnison	River	Water	Conservancy	District	(UGRWCD),	US	Forest	Service	(USFS)	
Gunnison	Ranger	District	and	Gunnison,	Grand	Mesa,	Uncompahgre	National	Forest	(GMUG),	and	
Western	State	Colorado	University	(WSCU).	See	Appendix	B	for	full	list	of	workshop	participants.	

OVERVIEW OF PLANNING FRAMEWORK AND PROCESS 

Planning Framework Key Steps  

The	project	team	developed	and	implemented	a	Social‐Ecological	Adaptation	Planning	Framework	
for	this	project	(see	Figure	1	below).	Components	were	adapted	from	Stein	et	al.	2014,	Cross	et	al.	
2012,	and	Murphy	et	al.	2016.	Key	steps	are	summarized	below.	Note	that	a	key	step,	assessing	
ecological	vulnerabilities,	was	conducted	in	the	Gunnison	Basin	prior	to	this	project	(Neely	et	al.	
2011).	In	addition,	Knapp	(2011)	conducted	a	social	resilience	and	vulnerability	assessment	of	
land‐based	livelihoods	in	the	Gunnison	Basin.	
	
1. Assess	social‐ecological	vulnerabilities.	
2. Select	socio‐ecological	landscapes	to	be	the	focus	of	the	project	and	conduct	literature	search	

regarding	natural	processes,	and	climate	impacts.		
3. Develop	three	plausible	climate	scenarios.	
4. Develop	ecological	response	models	to	help	understand	impacts	under	three	climate	scenarios	

to	help	inform	development	of	robust	adaptation	strategies	for	the	targeted	landscapes.		
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5. Develop	three	narrative	scenarios	for	focus	groups.	
6. Understand	decision‐makers	through	interviews	and	focus	groups.		
7. Develop	social	ecological	response	models	to	identify	impacts	and	interventions	using	Situation	

Analysis	and	Chain	of	Consequences.	
8. Hold	a	series	of	workshops	to	develop	and	refine	adaptation	strategies/actions	to	address	

current	and	future	climate	vulnerabilities,	using	the	Results	Chains	method.	
	
	

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Social‐ecological adaptation planning framework developed and applied through this project. Adapted 
from Cross et al. 2012, Stein et al. 2014, and Murphy et al. 2016. 

Landscape Selection  

In	January,	2014,	the	GCWG	partners	selected	the	spruce‐fir	and	sagebrush	landscapes	(the	
sagebrush	results	are	provided	in	a	separate	report)	to	be	the	focus	of	this	project	because	of	their	
social,	economic,	and	ecological	importance	to	the	Gunnison	Basin.	Criteria	considered	included:	
vulnerability	rank	from	Gunnison	Basin	Vulnerability	Assessment	(Neely	et	al.	2011),	nested	
species	and	vulnerability	rank,	opportunity	for	success	in	building	resilience,	social	concerns	and	
livelihoods	benefitting	from	the	system,	relevance	to	decision‐makers	regarding	upcoming	
management	decisions,	available	data,	biodiversity	values,	and	wildlife	values.		

Three Climate Scenarios  

Uncertainties	in	the	future	climate	present	managers	with	important	challenges	in	developing	
effective	management	plans.	The	scenario	planning	approach	can	offer	important	insights	to	
managers	for	developing	robust	strategies	to	manage	for	future	climate	change	impact	under	a	
range	of	plausible	climate	futures	(National	Park	Service,	2013;	Rowland	et	al.	2014;	Murphy	et	al.	
2016).	To	facilitate	this,	Imtiaz	Rangwala	(WWA/NOAA),	developed	attributes	associated	with	
three	climate	scenarios	for	southwestern	Colorado	and	the	Gunnison	Basin	for	the	year	2035	(i.e.,	
2020‐2050	period).	He	used	a	base	of	72	global	climate	models	and	two	future	greenhouse	gas	
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emissions	scenarios	(8.5	and	4.5	Representative	Concentration	Pathways‐RCP)	from	the	Coupled	
Model	Intercomparison	Project	–	Phase	5	(CMIP5)	(Taylor	et	al.	2012),	and	then	identified	three	
potential	clusters	that	represent	different	future	pathways	for	the	region.	The	scenario	clusters	
represent	three	different	plausible	futures:	1)	a	hotter,	drier	future;	2)	a	warmer	future	where	
annual	precipitation	increases;	and	3)	a	future	with	high‐inter‐annual	variability	between	hot	dry	
years	and	warm	wet	years.		

These	climate	scenarios	were	identified	as:	1)	Hot	and	Dry;	2)	Warm	and	Wet;	and	3)	Feast	and	
Famine	(moderately	hot,	no	change	in	precipitation	over	a	long	term	but	increased	inter‐annual	
variability).	See	Appendix	C.		

Renée	Rondeau	(CNHP)	researched	the	potential	ecological	impacts	of	the	three	climate	scenarios	
to	the	targeted	landscapes.	This	information	was	then	used	to	develop	a	set	of	three	narrative	
scenarios	and	ecological	response	models	to	assist	managers	in	developing	social‐ecological	
adaptation	strategies	under	the	three	climate	scenarios.	

Narrative Scenarios 

Renée	Rondeau	(CNHP)	and	Imtiaz	Rangwala	(WWA/NOAA)	developed	three	narrative	scenarios	
for	the	Gunnison	Basin	that	described	plausible	spruce‐fir	landscape	changes	that	could	take	place	
over	the	next	20	years.	The	scenarios	were	descriptive	stories	depicting	potential	changes	in	the	
landscape	based	on	the	climate	scenarios	and	are	referred	to	as	Hot	&	Dry,	Warm	&	Wet,	and	Feast	
and	Famine.”	These	narrative	scenarios	were	developed	for	use	during	the	focus	groups.	They	were	
reviewed	by	the	project	team	and	subject	experts	familiar	with	the	ecosystems;	their	comments	
were	incorporated	into	the	final	narrative	tool	that	was	used	with	stakeholders	(see	Appendix	D).	

Ecological Response Models 

The	team,	working	closely	with	natural	resource	managers	and	researchers,	developed	reference	
condition	and	ecological	response	models	for	the	spruce‐fir	landscape	in	the	Gunnison	Basin.	The	
purpose	of	the	ecological	response	models	was	to	evaluate	and	depict	potential	impacts	of	the	three	
climate	scenarios	on	the	spruce‐fir	landscape.	The	team	held	a	series	of	workshops	between	June	
and	November,	2015	to	develop	and	refine	reference	condition	models	and	ecological	response	
models.	Participants	included	representatives	from	BLM,	CNHP,	CPW,	MSI,	NRCS,	TNC,	USFS,	WSCU,	
WWA,	and	private	consultants.	See	Appendix	B	for	workshop	participants,	Appendix	E	for	spruce‐
beetle	activity	map	and	Appendix	G	for	ecological	response	models.	

Spatial‐Ecological Response/Bioclimatic Models 

Jim	Worrall	(USFS,	Gunnison	Service	Center)	developed	the	spatial	ecological	response	models	(or	
bioclimatic	niche	models)	for	two	dominant	species,	Engelmann	spruce	and	subalpine	fir,	in	this	
landscape	in	the	Gunnison	Basin,	using	methods	described	in	Rehfeldt	et	al.	2015	and	Worrall	et	al.	
2016.	The	bioclimatic	niche	models	were	used	to	develop	spatially	explicit	projections	of	climate	
change	impacts	to	the	spruce	and	fir	species.	The	model	evaluates	grids	of	historic	climate	and	
topographic	variables,	resulting	in	an	estimate	of	the	suitability	for	the	species	of	each	cell	in	the	
grid,	giving	a	map	of	suitability	at	90‐meter	resolution.		The	maps	accurately	predicted	current	
species	distributions.			
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Similarly,	grids	of	future	climate	variables	can	be	used	to	map	suitability	in	the	future.		Three	future	
climates	were	used	that	matched	the	climate	scenarios	used	in	this	report	and	represent	the	decade	
around	2060	(see	Appendix	F).			

For	ease	of	interpretation	and	to	enhance	utility	in	management,	the	results	are	presented	as	
spatially	explicit	change	zones	or	bio‐climatic	zones:			

1. Lost	areas	are	where	the	future	climate	is	highly	unlikely	to	support	spruce‐fir,	and	the	area	
is	most	likely	to	transform	after	a	large	disturbance.	

1. Threatened	areas	may	be	able	to	survive	changes,	but	future	climate	is	marginal	and	may	
hinder	regeneration.	

2. Persistent	areas	are	the	refugia	or	areas	likely	to	maintain	a	suitable	climate	for	spruce‐fir.	
3. Emergent	areas	are	where	the	future	climate	will	likely	support	spruce‐fir	habitat,	but	the	

area	does	not	current	support	spruce‐fir.	

Results	can	be	used	to	identify	the	most	appropriate	management	actions	for	climate	adaptation	of	
vegetation	for	specific	zones.			

In	assessing	and	using	the	results,	it	should	be	noted	that	there	are	many	sources	of	uncertainty,	
and	these	are	generally	not	quantifiable.		These	include	errors	and	inaccuracies	in	training	data	and	
especially	the	fact	that	we	don’t	know	which	climate	prediction	best	represents	the	future.		
Although	these	projections	are	the	best	and	most	detailed	that	are	currently	available,	users	should	
look	at	them	as	general	directions	of	change.		They	should	not	be	interpreted	in	detail	at	high	
resolution,	and	should	not	be	considered	to	represent	an	exact	point	in	time	(Worrall,	pers.	
Communication).			

Understand the Views of Decision‐Makers 

Katie	Clifford,	Geography	Department,	University	of	Colorado,	Boulder,	collected	social	science	data	
through	stakeholder	interviews	to	assess	the	decision‐making	context	of	the	spruce‐fir	landscape.	
She	also	used	focus	groups,	utilizing	narrative	scenarios,	to	assess	future	climate	projections	and	
impacts	and	identify	potential	adaptation	strategies	for	the	spruce‐fir	landscape.	(See	Appendix	H).	

Fieldwork	was	conducted	from	June	through	October,	2015.	Ms.	Clifford	conducted	22	in‐depth,	
semi‐structured	interviews	with	ranchers	and	public	land	managers	at	five	agencies	as	well	as	four	
climate	scenario‐driven	focus	groups	with	18	participants	consisting	of	natural	resource	managers	
with	a	mix	of	agencies	and	specialties.	Results	were	audio-recorded and transcribed verbatim to assist 
in analysis. Transcripts were then coded using Nvivo software. Coding was used to identify themes and 
facilitate analysis.		

Each	focus	group	was	centered	on	the	three	climate	scenarios	described	above	(Hot	and	Dry,	Warm	
and	Wet,	and	Feast	and	Famine).	Scenarios	were	presented	individually	and	then	followed	by	a	
series	of	questions	regarding	anticipated	impacts,	management	needs,	conflicts,	compromises	and	
potential	strategies.		

Together,	the	ecological	response	models	and	social	science	data	showed	that	the	two	primary	
disturbances	of	concern	that	may	be	exacerbated	by	climate	change	were	wildfire	and	insect	
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outbreak	(e.g.,	spruce	beetle)	for	the	spruce‐fir	landscape.	These	disturbances	were	the	focus	for	
developing	social‐ecological	climate	response	models	based	on	stakeholder’s	participation	in	the	
Chains	of	Consequences	and	Situation	Analysis	methods	during	the	workshops.	A	brief	description	of	
the	methods	used	at	this	workshop	follows	in	the	next	section.	

Socio‐Ecological Response Models  

The	team	worked	with	stakeholders	to	integrate	social	and	ecological	responses	of	climate	change	
on	the	spruce‐fir	landscape	using	two	different	approaches:	Situation	Analysis	and	Chain	of	
Consequences.		

The	Situation	Analysis	approach	defines	the	context	within	which	a	project	is	operating	and,	in	
particular,	the	major	forces	influencing	the	landscape,	including	the	direct	and	indirect	threats,	
opportunities,	and	scope	(Foundations	of	Success,	2009).	The	process	of	developing	a	Situation	
Diagram	helped	to	create	a	common	understanding	of	the	biological,	environmental,	social,	
economic,	and	political	systems	affecting	the	targeted	landscape.	This	method	has	been	used	
around	the	world	by	the	Conservation	Measures	Partnership,	including	TNC,	and	many	others.	

The	DOI	Strategic	Sciences	Group	developed	the	Chain	of	Consequences	method	for	teams	of	
scientists	to	identify	the	potential	short‐	and	long‐term	environmental,	social,	and	economic	
cascading	consequences	of	an	environmental	crisis	and	to	determine	intervention	points	to	aid	
decision‐making.	The	method	has	been	used	to	identify	the	consequences	and	potential	
interventions	of	the	Deep	Water	Horizon	Oil	Spill	in	the	Gulf	of	Mexico	and	Hurricane	Sandy	(DOI	
Strategic	Sciences	Working	Group	2010,	2012;	Department	of	the	Interior,	2013).	

Stakeholder Adaptation Workshops  

The	Project	Team	hosted	a	series	of	workshops	with	the	GCWG	and	other	stakeholders	from	April	
2015	through	April	2016	to	identify	climate	impacts	to	the	landscapes	under	climate	scenarios,	
identify	interventions	(preliminary	adaptation	strategies),	develop	social‐ecological	response	
models,	develop	goals	and	objectives,	and	identify	adaptation	strategies/actions.	These	workshops	
are	summarized	below.	

April 2015 Climate Adaptation Strategy Workshops 

To	prepare	participants	for	the	workshops,	the	team	held	a	series	of	pre‐workshop	webinars	on	the	
following	topics:	1)	three	climate	scenarios;	2)	ecological	response	models	for	spruce	fir	landscape;	
3)	methods	for	identifying	preliminary	interventions;	and	4)	preliminary	results	of	interviews	and	
focus	groups.	The	team	also	developed	a	participant	packet	of	materials	including	an	agenda,	
materials	produced	to	date,	description	of	methods,	and	the	approach	for	facilitating	discussion	
focused	on	climate	change.		

At	the	April,	2015	workshop,	participants	developed	social‐ecological	climate	response	models	for	
the	spruce‐fir	landscape,	identified	a	suite	of	preliminary	intervention	points	and	potential	high‐
level	adaptation	strategies	for	one	climate	scenario,	and	prepared	for	a	fall	workshop	to	develop	in‐
depth	adaptation	strategies.	Due	to	time	constraints,	the	workshop	focused	on	only	one	climate	
scenario,	Feast	and	Famine,	with	the	intention	of	addressing	the	two	other	scenarios	at	future	
workshops.	The	workshop	provided	an	opportunity	to	compare	two	methods	(Situation	Analysis	
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and	Chain	of	Consequences)	for	developing	interventions	and	identifying	preliminary	adaptation	
strategies.		See	Appendix	I	for	an	overview	of	methods.	

The	outcomes	of	the	April,	2015	workshop	included:	1)	integrated	findings	from	climate	models,	
ecological	response	models	and	interviews	and	focus	groups	to	produce	social‐ecological	response	
models	for	the	Feast	and	Famine	climate	scenario;	2)	comprehensive	list	of	preliminary	
interventions	that	provided	a	foundation	for	developing	more	in‐depth	adaptation	strategies	for	the	
spruce‐fir	landscape	under	three	climate	scenarios;	and	3)	improved	stakeholder	buy‐in	for	
developing	and	implementing	local	and	regional	interventions	and	adaptation	strategies.	The	team	
summarized	the	results	of	the	workshop	in	a	draft	report	entitled:	Gunnison	Basin	Climate	
Adaptation	Workshop,	Phase	1:	Sagebrush	and	Spruce‐Fir	Landscapes	and	distributed	it	for	review	
by	participants	in	August,	2015.	

November 2015 Climate Adaptation Workshops 

After	the	April	workshop,	the	team	synthesized	the	results	into	summary	tables	of	interventions	by	
impacts	for	the	Feast	and	Famine	scenario,	and	developed	a	process	to	identify	interventions	for	
the	other	two	scenarios	(Hot	and	Dry;	Warm	and	Wet).	The	team	then	convened	a	small	group	of	
experts	in	November,	2015,	to	review	the	interventions	developed	for	the	Feast	and	Famine	climate	
scenario	and	evaluate	how	well	they	address	the	potential	impacts	of	the	two	other	climate	
scenarios.	Participants	reviewed	the	differences	in	the	three	climate	scenarios,	and	then	discussed	
the	impacts,	interventions	and	scoring.	The	participants	recommended	meeting	again	to	refine	the	
interventions,	develop	goals	and	objectives	for	the	spruce‐fir	landscape	prior	to	holding	a	final	
workshop	with	a	broad	audience	in	April,	2016.		

February 2016 Climate Adaptation Workshops  

At	the	February,	2016	workshop,	stakeholders	drafted	goals	and	objectives	and	developed	a	set	of	
three	climate	adaptation	strategies	for	the	spruce‐fir	landscape	by	creating	Results	Chains.	Results	
Chains	are	diagrams	that	depict	assumed	causal	linkages	between	strategies	and	desired	outcomes	
needed	to	reduce	climate	impacts	and	other	threats	through	a	series	of	expected	intermediate	
outcomes	and	actions	(Margoluis	2013).	This	process	helped	to	build	a	common	understanding	of	
the	outcomes	and	actions	needed	to	reduce	the	impacts	of	climate	change	for	each	strategy.	

April 2016 Climate Adaptation Workshops  

At	the	final	workshops	held	in	April,	2016,	participants	revised	the	goals	and	objectives	for	the	
spruce‐fir	landscape,	refined	social‐ecological	strategies	to	prepare	the	landscapes	and	the	people	
who	depend	on	them	for	a	changing	climate,	and	identified	challenges	and	opportunities	to	ensure	
successful	implementation	of	strategies.	After	managers	from	CPW,	USFS,	NPS	and	NRCS	presented	
the	goals/objectives	and	Results	Chains,	participants	provided	feedback	and	refined	the	goals	and	
strategies,	and	then	identified	challenges	to	implementation	and	opportunities	for	successful	
implementation.	Following	the	workshop,	the	team	revised	the	Results	Chains	based	on	the	
feedback	and	turned	the	diagrams	into	text	to	summarize	each	of	the	strategies,	including	desired	
outcome,	intermediate	outcomes,	and	actions.		

Workshop Participants  

Over	70	participants	attended	the	workshops,	including	land	and	water	managers,	wildlife	
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biologists,	ecologists,	foresters,	researchers,	planners,	professors,	researchers,	social	scientists,	
county	officials,	private	consultants,	and	other	stakeholders	in	the	Gunnison	Basin.	The	participants	
represented	local,	state	and	federal	agencies	including	BLM,	CNHP,	CPW,	Colorado	State	Forest	
Service	(COFS),	Gunnison	County,	NPS,	TNC,	NRCS,	Saguache	County,	USFS,	WSCU,	WWA,	non‐
governmental	organizations,	e.g.,	RMBL,	land	trusts,	MSI,	and	local	county	officials.	See	Appendix	B	
for	a	full	list	of	workshop	participants.	

THREE CLIMATE SCENARIOS FOR THE FUTURE 

Climate Scenario Summaries 

Projected	changes	in	temperature	and	precipitation	by	2035	for	the	three	climate	scenarios	are	
shown	in	Figure	2,	and	the	consequences	of	these	changes	are	summarized	by	scenario	below.	See	
Appendix	C	for	table	comparing	the	three	climate	scenarios.	

	

Figure 2. Generalized depiction of change from 1971‐2000 baseline, in annual precipitation and temperature for 
three climate scenarios (Hot and Dry=HD, Feast and Famine=FF, and Warm and Wet=WW).  

Hot and Dry (hadgem2‐es.1.rcp85) 

Average	annual	temperatures	5°F	higher	than	in	the	late	20th	century,	and	combined	with	a	
decrease	in	annual	precipitation	of	10%,	produces	drier	conditions	year‐round.	Summers	at	lower	
elevations	are	expected	to	have	30	additional	days	with	temperatures	above	77°F	(25°C),	and	many	
nights	with	lows	of	68°F	(20°C)	or	above.	Heat	wave	conditions	are	severe	and	long	lasting.	Rain	
events	are	likely	to	be	less	frequent,	but	more	intense,	and	summer	monsoon	rains	decrease	(20%	
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less	than	recent	historic).	Droughts	comparable	to	2002	or	2012	occur	on	average	every	five	years.		

Hot	and	dry	conditions	lead	to:	

	
Longer growing season (+3 weeks), reduced soil moisture, increased heat stress 

	
Snowline moves up in elevation (+1200 ft) 

	
Frequent extreme spring dust‐on snow events 

	
Earlier snowmelt and peak runoff (+3 weeks, earlier with dust events). Decreased runoff (‐20%) 

	
Longer fire season (+1 month) greater fire frequency (12x) and extent (16x) in high elevation forest 

	

Feast and Famine (Moderately Hot/No Change in Precipitation, cesm1‐bgc.1.rcp85) 

Average	annual	temperatures	3°F	higher	than	in	the	late	20th	century,	and	increased	magnitude	of	
inter‐annual	fluctuations	in	precipitation	levels	produces	generally	drier	conditions,	especially	
during	the	growing	season,	but	some	years	with	strong	El	Niño	patterns	may	be	quite	wet.	
Summers	at	lower	elevations	are	expected	to	have	14	additional	days	with	temperatures	above	
77°F	(25°C),	and	many	nights	with	lows	of	68°F	(20°C)	or	above.	Heat	wave	conditions	are	common	
every	few	years.	Strong	El	Niño	events	can	be	expected	every	seven	years	on	average,	while	
droughts	comparable	to	2002	or	2012	occur	on	average	every	decade.	During	wetter	years,	
increased	temperatures	lead	to	increased	vegetation	growth	and	subsequent	fuel	loads	for	wildfire.	

A	“feast	or	famine”	pattern	fluctuating	between	hot/dry	and	warm/wet	conditions	leads	to:	

	
Longer growing season (+2 weeks)  

	
Snowline moves up in elevation (+900 ft) 

	
Increased extreme spring dust events in dry years  

	
Earlier snowmelt and peak runoff (+2 weeks, earlier with dust events). Decreased runoff (‐10%) 

	
Very high fire risk during dry years following wet years, greater fire frequency (8x) and extent (11x) 

	

	

Warm and Wet (cnrm‐cm5.1.rcp45) 

Average	annual	temperatures	2°F	higher	than	in	the	late	20th	century,	and	combined	with	an	
increase	in	annual	precipitation	of	10%,	produces	generally	warmer	but	not	effectively	wetter	
conditions	in	comparison	with	recent	historic	levels.	Summers	at	lower	elevations	are	expected	to	
have	7	additional	days	with	temperatures	above	77°F	(25°C).	Heat	wave	conditions	may	occur	once	
a	decade.	Droughts	may	be	more	intense,	but	with	fewer	instances	of	extended	drought.		
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Warmer	and	slightly	wetter	conditions	lead	to:		

	
Extended growing season (+1 week)  

	
Snowline moves up in elevation (+600 ft) 

	
Occasional extreme spring dust events in dry years, comparable to current conditions 

	
Earlier snowmelt and peak runoff (+1 week). No change in runoff volume 

	
Increased fire frequency (4x) and extent (6x)  

	

SOCIAL‐ECOLOGICAL VULNERABILITIES 

To	better	understand	decision‐makers	and	social	vulnerability,	Katie	Clifford,	graduate	student	in	
Geography	at	the	University	of	Colorado	completed	social	science	research	utilizing	interviews	and	
focus	groups	in	the	Upper	Gunnison	River	Basin	during	2014,	working	closely	with	Laurie	Yung	
(UM),	Nina	Burkardt	(USGS),	Bill	Travis	(CU)	and	the	team.	See	Appendix	H	for	final	reports	
summarizing	the	interview	and	focus	group	findings.	

Interview Results 

The	interviews	focused	on	developing	a	better	understanding	of	how	social‐ecological	systems	and	
decision‐making	are	influenced	by	climate	change	to	help	facilitate	climate	adaptation.	Ms.	Clifford	
conducted	22	in‐depth,	semi‐structured	interviews	with	ranchers	and	public	land	managers	from	
five	agencies	in	2014.	In	November	2015,	she	completed	a	report	of	her	findings,	entitled	Climate	
Adaptation	in	the	Gunnison	Basin,	Colorado:	Social	Dimensions	and	Management	Concerns	for	the	
Spruce‐Fir	and	Sagebrush	Landscapes	(Appendix	H).	This	report	summarizes	findings	from	
interviews	with	key	decision‐makers,	designed	to	provide	the	following	inputs	to	the	larger	
research	project:	information	on	current	use,	importance,	and	status	of	the	targeted	landscapes;	
detailed	insight	into	current	social	and	decision‐making	context	of	the	targets	and	approach	to	
uncertainty,	and	identification	human	communities	in	the	Gunnison	Basin	likely	to	be	impacted	by	
climate‐induced	changes	to	the	targeted	landscapes,	and	the	nature	of	those	impacts.		

Below	is	a	summary	of	findings	from	interviews	with	key	decision‐makers,	which	were	designed	to	
provide	the	inputs	to	the	larger	research	project:	

Adaptive and Flexible Management:	
 Adaptive	Management	is	a	popular	strategy	for	managing	under	uncertainty,	but	a	gap	

exists	between	theory	and	practice	because	managers	do	not	have	the	flexibility	to	
respond	quickly	or	adequate	baselines	to	evaluate	management	strategies.	

 Interviewees	did	not	respond	well	to	the	idea	of	managing	for	a	“range	of	future	
conditions”	because	of	confusion	over	what	it	meant	and	frustration	over	how	to	
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implement	the	strategy.	
	
Uncertainty and Variability: 

 Uncertainty	elicits	a	range	of	responses	from	land	managers	from	dread	to	curiosity	to	
confidence;	people	were	comfortable	with	future	uncertainties	when	they	were	framed	
as	disturbances.	

 Climate	change	was	understood	through	extremes	and	variability	rather	than	a	simple	
focus	just	on	increasing	temperatures.	

 The	historic	and	future	range	of	variability	is	understood	and	bounded	by	previous	
climate	experiences,	with	regular	references	to	extreme	drought	years	and	high	
precipitation	years.	

 A	lack	of	information	is	not	the	most	critical	barrier	to	implementing	adaptation	
strategies	in	the	Gunnison	Basin.	

	
Public Influences: 

 Interviewees	did	not	deny	climate	change,	but	saw	public	skepticism	as	a	barrier	to	
implementing	climate	adaptation.	

 Recreation	pressures	(and	conflicts)	are	growing	in	the	Basin	and	this	is	compounding	
the	challenges	of	climate	change.	

Focus Group Results 

Katie	Clifford	conducted	four	climate	scenario‐driven	focus	groups	with	18	participants	in	
Gunnison	and	Montrose,	Colorado	in	2014.	The	objectives	of	the	focus	groups	were	to	learn	how	
natural	resource	managers	and	users	in	the	Basin	would	respond	to	changes	under	the	three	
scenarios	and	obtain	input	on	potential	adaptation	strategies.		

In	May,	2016,	she	completed	a	report	of	her	findings,	entitled	Climate	Adaptation	under	a	range	of	
scenarios:	Natural	resource	manager	focus	groups	in	the	Gunnison	Basin	(Appendix	H).	Below	is	a	
summary	of	the	findings	from	four	scenario‐driven	focus	groups	of	natural	resource	managers.	
Managers	were	asked	to	consider	how	to	incorporate	a	range	of	future	conditions	into	resource	
decisions.	The	scenarios	specifically	keyed	into	the	two	target	landscapes	(sagebrush	shrublands	
and	spruce‐fir	forests)	due	to	their	social	and	ecological	importance	in	the	Gunnison	Basin.	These	
findings	can	help	climate	scientists	understand	how	to	better	design	useable	climate	science	and	
also	inform	resource	managers	and	researchers	about	how	to	develop	and	support	climate	
adaptation	strategies	in	the	Gunnison	Basin	and	beyond.		

The	focus	groups	produced	a	number	of	key	findings	about	planning	for	a	range	of	future	
conditions,	and	potential	adaptation	strategies	at	a	local	scale.	These	findings	are	summarized	
below.	

Perceived Risk 

Participants	largely	agreed	that	a	scenario	(Feast	and	Famine)	with	high	variability	in	precipitation	
and	temperature	would	be	the	greatest	challenge	for	management.	Furthermore,	managers	thought	
that	scenarios	without	clear	warming	and	drying	trends,	such	as	moderate	temperature	increases	
or	high	variability,	would	be	harder	for	the	public	to	recognize,	which	could	undermine	adaptation	
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efforts.	

Spruce‐Fir Landscape 

Participants	recognized	that	the	spruce‐fir	landscape	was	undergoing	change	and	that	they	could	
not	manage	for	current	conditions.	The	spruce‐fir	forests	are	already	undergoing	significant	and	
rapid	change	and	participants	expected	future	disturbances	to	be	longer	in	duration	and	of	higher	
magnitude.		

Potential Strategies 

Participants	generated	several	strategies	in	response	to	the	scenarios;	many	were	not	novel,	but	
instead	used	and	built	on	previous	practices.	This	either	indicates	that	managers	might	already	
have	many	of	the	tools	and	knowledge	needed	to	respond	to	a	changing	climate	or	conversely	that	
it	is	challenging	for	them	to	develop	novel	approaches.	They	discussed	utilizing	existing	
management	strategies	and	borrowing	exemplars	from	other	locations.	However,	increased	
flexibility	in	terms	of	funding,	procedures,	and	management	practices	would	improve	managers’	
ability	to	plan	for	a	range	of	future	conditions.		

Conflict and Cooperation 

Participants	interpreted	potential	changes	through	existing	conflicts,	with	little	discussion	of	new	
ones.	This	may	indicate	that	climate	change	is	not	so	different	from	other	types	of	social‐ecological	
changes,	or	that	people	have	a	hard	time	imagining	subtle	changes	and	altered	future	conditions.	
Participants	felt	the	Basin	has	local	capacity	for	cooperation,	and	they	preferred	bottom	up	
approaches	such	as	collaboration	fostered	by	locals	rather	than	mandated,	top‐down	adaptation	
protocols.	

Climate Science and Scenarios 

Overall,	participants	reported	that	the	scenarios	helped	them	interpret	climate	change	impacts	
locally	in	the	Gunnison	Basin	and	consider	a	range	of	future	conditions.	However,	participants	
requested	more	information	about	current	baselines	and	that	the	status	of	human	communities	be	
incorporated	into	the	narratives.	Future	work	should	also	consider	how	to	promote	thinking	
beyond	past	experiences.	
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DESCRIPTION OF SPRUCE‐FIR LANDSCAPE, ECOSYSTEM SERVICES 

AND SOCIO‐ECONOMIC OVERVIEW OF THE GUNNISON BASIN  

	 
The	spruce‐fir	landscape	in	the	Upper	Gunnison	
River	Basin	consists	of	a	mosaic	of	ecosystems	
that	are	dominated	by	Engelmann	spruce	(Picea	
engelmannii)	and	Subalpine	fir	(Abies	
lasiocarpa),	ranging	from	10,000‐12,500	feet	in	
elevation.	The	lower	elevations	often	consist	of	
dense	stands	of	spruce‐fir	forest	with	smaller	
patches	of	quaking	aspen	or	lodgepole	pine.	At	
the	upper	elevations,	it	transitions	into	a	
subalpine	zone	with	a	mosaic	of	willows,	

wetlands,	and	mesic	or	dry	alpine	meadows.	Smaller	patches	of	other	ecosystems,	e.g.,	wetlands	and	
fens,	are	scattered	throughout	the	landscape.	This	landscape	consists	of	over	1/2	million	acres	
within	the	Basin.	See	Figure	3	for	the	distribution	of	the	spruce‐fir	ecosystem	relative	to	other	
ecosystems	in	the	Gunnison	Basin.		

Numerous	species	and	human	communities	in	the	Gunnison	Basin	rely	on	a	functioning	spruce‐fir	
landscape	that	is	at	risk	of	changing	with	the	future	climate.	Characteristic	animals	include	Three‐
toed	woodpecker,	Gray	jay,	Pine	grosbeak,	Rocky	Mountain	elk,	White‐tailed	ptarmigan,	and	
marmots.	Animals	of	concern	include	lynx,	pine	marten,	boreal	owls,	snowshoe	hare,	red	squirrel,	
dusky	grouse,	songbirds,	northern	goshawk,	vole,	pygmy	shrew,	wolverine,	white‐tailed	ptarmigan,	
and	pika.	In	addition,	the	subalpine	zone	is	very	important	for	numerous	rare	plants.	Plants	of	
concern	include	reflected	moonwort,	fork‐leaved	moonwort,	Mingan's	moonwort,	pale	moonwort,	
peculiar	moonwort,	northern	moonwort,	arctic	draba,	and	Colorado	wild	buckwheat.	

Ecosystem	services	provided	by	the	spruce‐fir	landscape	include:	snowpack	and	snowmelt,	ground	
water	storage	and	clean	water,	recreation	opportunities	(hiking,	camping,	fishing,	rafting,	hunting,	
resort	and	backcountry	skiing,	snowmobiling,	photography,	and	mountain	biking),	food	and	shelter,	
wildlife	habitat,	maintenance	of	soil	moisture,	carbon	sequestration	and	storage,	forest	products	
and	tourism.	

The	population	of	the	Upper	Gunnison	Basin	is	23,009	(Department	of	Local	Affairs	2010	a‐b).	
Nearly	80%	of	the	basin	is	public	land,	which	supports	about	12%	of	all	jobs	(Cheng	2006).	The	
economy	of	the	Basin	has	transitioned	from	agriculture	and	ranching	to	retirees	and	tourism	
(Department	of	Local	Affairs	2010).	While	agriculture	currently	accounts	for	only	10%	of	the	jobs,	it	
impacts	96%	of	private	land	and	89%	of	United	States	Forest	Service	lands	(Cheng	2006).	Tourism	
and	recreation	are	responsible	for	23%	of	Gunnison	Basin	economic	activity,	and	local	counties	
have	listed	tourism	as	one	of	their	top	goals	for	economic	growth	(Office	of	Economic	Development	
2011	a‐c).	These	land‐based	livelihoods	depend	directly	on	ecosystem	services	(this	paragraph	
largely	from	Knapp	2011).	
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Figure 3.  Major ecosystems of the Gunnison Basin, based on Southwest ReGAP.  The spruce‐fir ecosystem (dark 
green) occupies the higher elevations.  
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CLIMATE CHANGE IMPACTS AND ECOLOGICAL RESPONSE MODELS  

Ecological Response Models 

The	reference	condition	model	and	ecological	response	models	for	the	spruce‐fir	landscape,	based	
on	literature	review,	local	knowledge	and	expert	opinion,	describe	how	the	landscape	operates	and	
provide	a	context	for	evaluating	potential	impacts	of	different	climate	scenarios.	The	models	help	
identify	outside	environmental	influences	or	drivers,	and	show	the	relationships	among	the	main	
contributing	factors	that	drive	one	or	more	of	the	direct	threats	that,	in	turn,	impact	the	spruce‐fir	
landscape.	The	purpose	of	assessing	the	landscape	under	three	different	climate	scenarios	is	to	
provide	a	foundation	of	scientific	understanding	of	the	range	of	possible	futures	that	are	projected	
for	the	region	to	inform	the	development	of	robust	social‐ecological	adaptation	strategies	for	
spruce‐fir	forests	in	the	face	of	an	uncertain	future.			

Below	are	general	descriptions	of	the	reference	condition	and	a	snapshot	of	the	future	spruce‐fir	
landscape	under	each	of	the	three	climate	scenarios.		Additional	details	on	the	projected	ecological	
impacts	associated	with	drought,	insects,	fire,	and	other	factors	are	also	provided.		See	Appendix	G	
for	diagrams	of	the	reference	condition	model	and	the	ecological	response	models	for	the	three	
climate	scenarios.		

Reference Condition Model 

The	Reference	Condition	Model	is	based	on	LANDFIRE	state	and‐transition	model	(Rocky	Mountain	
Subalpine	Dry‐Mesic	Forest	and	Woodland)	with	adjacent	systems	added	(LANDFIRE	2007).	
LANDFIRE	developed	state‐and‐transition	models	to	represent	pre‐settlement	reference	conditions	
for	all	Ecological	Systems	in	the	United	States	through	an	expert‐based	model	development	process.	
Each	model	represents	a	single	ecosystem.	LANDFIRE	used	the	models	to	estimate	reference	
conditions,	which	are	used	to	help	assess	ecosystem	health.		

A	typical	5	box	LANDFIRE	model	starts	in	the	middle	with	early	successional	forest,	moving	
through	mid‐successional	open	and	closed	canopy	forests	to	late‐successional	open	and	closed	
canopy	forest.	Replacement	fires	move	the	forest	back	to	early	successional	forest.	Insects,	disease	
and	drought	will	move	the	closed	canopy	forest	types	to	open	conditions	and	younger	stands	when	
older	trees	are	killed.	Tree	invasion	will	move	adjacent	mesic	and	dry	meadows	as	well	as	
shrublands	into	early	successional	forests.		

Hot and Dry Climate Scenario  

In	this	climate	scenario,	the	changes	seen	in	the	Feast	and	Famine	(Moderately	Hot)	Scenario	are	
increased	in	size	and	likelihood.	The	scope	and	severity	of	climate	impacts	are	expected	to	be	much	
greater	to	the	spruce	fir	landscape	than	in	the	Feast	and	Famine	climate	scenario.	Drying	is	likely	to	
occur	in	the	meadows	and	shrublands.	Fires	are	predicted	to	change	some	forest	patches	into	dry	
meadows.	The	likelihood	of	insects,	disease	and	drought	is	predicted	to	significantly	increase	as	
well	as	stand	replacement	fires	in	the	late	successional	closed	canopy	forest.	In	addition,	a	novel	
type	of	system,	uncharacteristic	vegetation	dominated	by	aspen,	shrubs	and	mixed	conifer	will	
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likely	occur	as	the	result	of	big	intense	fires	and	insect,	disease	and	drought.	

Hot and Dry  5°F (2.7°C) increase and 10% decrease in precipitation; an effective 45% decrease in available 
moisture* Extreme drying and reduction in soil moisture. 

   

 

Droughts: Severe droughts, such as the 2002 drought, will occur every 5th year. These droughts 
will kill spruce and fir for up to 5 to 11 years after the drought. Thus we will see large trees 
dying every year, even after the drought is over (because of 5 and 11‐year lag effect). The fir is 
more susceptible than spruce, thus droughts, will alter the species composition and spruce will 
become more dominant and fir less dominant. 
 

 

Insects: Forest insects and diseases will be at their highest rates in this scenario because of the 
higher temperatures. Warmer winters and warmer summers create the perfect conditions for 
insects. When these higher temperatures are coupled with drought, the trees tolerance and 
ability to fight off insects are negligible; thus, the mortality rate is extremely high. We will 
experience more acres killed from insects and pathogens than from fires under this scenario.  

 

Fire: In this scenario, the fire season widens by one month and fire frequency increases by up 
to 12 times the 1970‐1986 rate; the size of the burned area could increase by 16‐20 times due 
to a 4° and 6° F temperature increase in spring and summer temperatures coupled with a 9 and 
20% decrease in spring and summer precipitation, respectively (Westerling 2006 is primary 
source for this extrapolation). 
 

  Other: The climate suitability envelope will primarily eliminate some 60% of the subalpine fir; 
Engelmann spruce will only lose some 25‐30% of area where the climate is suitable. Even if 
spruce‐fir could migrate uphill, it may not be able to have a net gain, i.e., it will still be a net loss 
for suitable climate area because there are few areas with deep enough soils to support these 
species at higher elevations. Ponderosa pine, aspen, and Douglas fir may be able to migrate 
into the existing stands of spruce‐fir (at least the climate will be suitable for these species). The 
combination of fire and insect kill has the ability to alter and transform large areas into a new 
system (or state) that will not be dominated by spruce or fir, e.g., converting to mixed conifer. 
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Feast and Famine (Moderately Hot) Climate Scenario 

In	this	climate	scenario,	drying	is	likely	to	occur	in	the	meadows	and	shrublands.	Fires	are	
predicted	to	transition	some	forest	patches	into	dry	meadows.	The	likelihood	of	insects,	disease	and	
drought	is	predicted	to	increase	as	well	as	replacement	fires	in	the	late	successional	closed‐canopy	
forest.	In	addition,	vegetation	dominated	by	aspen,	shrubs	and	mixed	conifer	will	likely	expand	
resulting	from	big	intense	fires,	insects,	disease	and	drought.	In	this	scenario,	there	may	be	more	
big	fires	compared	to	the	Hot	and	Dry	Climate	Scenario	because	of	build‐up	of	fuels	during	wet	
years	and	extreme	drought	during	dry	years.	

Moderately 
Hot 

3° F (1.6 °C) increase and no change in precipitation; an effective 15% decrease in available 
moisture* 

   

 

Droughts: Severe droughts like 2002 occur approximately every 10th year. This frequency is 
still higher than our current baseline drought frequency so the species composition will 
change, albeit at a slower rate than in the previous scenario. Spruce trees will be the winner 
and subalpine fir will be the loser. Note that both species will have high mortality rates in 
older trees (same for previous scenario). The younger trees are more likely to withstand the 
extreme droughts. 
 

 

Insects: The insect and pathogens are still present in this scenario, with winter and summer 
temperatures being 3° F warmer. Thus it is a matter of scale—that is, the worst case 
scenario is the Hot and Dry and the least problematic scenario will be the Warm and Wet for 
insect impact.  
 

 

Fire: While the annual fire risk is lower in this scenario than the Hot and Dry scenario, when 
it does burn, the severity, intensity, and extent could be very high. This potential fire 
increase is because of the great amplitude between drought and wet years. The wet years 
build up greater fuels, primarily along the surface and shrub canopy layers; then, when a 
drought event occurs, the fires are more intense. The fire frequency, at least in the dry 
years, could be as high as eight times that of the 1970‐1986 period with 3 °F increase and 
the size of the burn could increase by 11 times, thus, there is a high probability of very large 
fires during the dry years (Westerling 2006) 
 

*This estimate is based on this relationship for this region: 1°F increase in temperature = 5% decrease in runoff; 5% 
decrease in precipitation = 10% decrease in runoff. 
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Warm and Wet Climate Scenario 

In	this	climate	scenario,	not	much	changes	with	the	above	successional	and	disturbance	pathways.	
Tree	invasion	into	meadows	and	shrublands	is	predicted	to	moderately	increase.	Replacement	fires	
in	the	late	successional	closed	canopy	forest	are	also	predicted	to	moderately	increase. 

 

Warm & Wet  2° F (1.2 °C) increase and 10% increase in precipitation; in spite of the 10% increase in 
precipitation, moisture stress is still possible due to the 2°F increase. 

   

 

Droughts: Severe droughts, such as 2002, will occur approximately every 15th year (not outside
of our current natural range of variation). The intensity may become more severe thus there is 
still some impact. We will still experience mature trees dying from drought; it is just that the 
droughts will not occur as often. 

 

Insects: The region has already experienced nearly a 3° F increase in summer temperatures and 
seen large outbreaks of spruce die back just outside of the Gunnison Basin. The spruce beetle 
outbreak has already impacted and will continue to severely affect mature spruce trees in the 
Gunnison Basin. Again, the rate and scope of tree mortality will likely be the lowest for this 
scenario but it is far from non‐existent. 

 

Fire: The fire risk is lowest in this scenario; however, it is still elevated over the current 
condition. An increase in spring and summer temperatures of 2° and 3° F, respectively will 
increase fire frequency. The warmer spring temperatures will mean an earlier spring runoff (at 
least one week and it could be even earlier if there is a dust‐on‐snow event). The longer and 
hotter growing season will increase fire frequency. When we do have a fire the severity may 
increase because of high fuel loads, drier fuels that are more available to burn, and hotter 
summers. The fire frequency increased four times over the 1970‐1986 average with a 1.56° F 
higher spring and summer temperatures that occurred from 1987‐2003. The total area burned 
by these fires was more than 6.5 times its previous level. The increase in precipitation may help 
offset some of the fire risk but annual variation in the rainfall will still exist and drought years, 
such as 2002 will occur every 15 years, on average. Lightning strikes may increase by 40%, thus 
increasing the chance of fire, especially just prior to the monsoon season.  
 

	 Other: This scenario will have a subtler change than the other scenarios in that species 
composition is likely to change but the overall forest will still be dominated by spruce and fir. 
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IMPACTS AND INTERVENTIONS  

In	order	to	focus	our	attention	on	the	most	robust	and	large‐scale	adaptation	strategies	for	the	
spruce‐fir	landscape,	we	refined	and	filtered	the	list	of	impacts	and	intervention	points	developed	
at	previous	workshops.	These	preliminary	intervention	points	were	used	as	starting	points	for	
strategy	development	to	address	the	three	climate	scenarios	(See	Appendices	J‐L).		

Questions 

To	assist	us	with	filtering	and	prioritizing	the	impacts	and	interventions,	we	asked	three	primary	
questions	for	the	spruce‐fir	landscape:	

1. Which	impacts	are	most	likely	to	be	significant	across	all	climate	scenarios?	
2. Which	intervention	points	are	most	likely	to	work	across	all	three	climate	scenarios?	
3. Which	intervention	points	are	likely	to	work	at	a	landscape‐level	scale?	

Methods 

To	answer	the	above	questions,	we	categorized	the	interventions	by	the	impacts	that	they	
addressed.	We	devised	a	process	to	score	and	prioritize	the	impacts	and	their	interventions	by	their	
anticipated	significance,	likelihood	across	all	scenarios,	and	landscape	scale	(large,	medium,	or	
small).	Impacts	and	interventions	with	a	high	score	denoted	significant	impacts	and	interventions	
and	would	be	the	focus	of	our	adaptation	strategies	workshop.		We	developed	a	ranking	
spreadsheet	to	maintain	the	scores,	summarized	in	Tables	1‐2.		Thus,	the	strategies	that	we	would	
focus	on	were:	1)	likely	to	be	effective	in	reducing	climate	impacts	at	a	large	landscape‐level	scale	
and	2)	likely	to	be	effective	across	three	climate	scenarios.		

Table 1. Top impacts to the spruce‐fir landscape across the three climate scenarios. The higher 

the score, the greater the scope and severity of the impact across all three scenarios. 

Impact 
Average Score  Number of Distinct 

Impacts/Category 

Altered fire regime  10.8 12 

Altered species composition  11.9 15 

Altered hydrologic regime  12.2 5 

Education  13.0 6 

Fragmentation  12.0 1 

Recreation pressure  13.0 2 

Research  12.0 1 

Social and economic impacts  12.1 9 

Wildlife  10.0 1 
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Table 2. Intervention categories with average total scores and landscape scale. The average of total score is a 

sum of the intervention and impact score. There were multiple impacts and interventions associated with an 

intervention category, thus we took the average. The total score, coupled with scale, was used to define which 

intervention categories would be the focus of our adaptation strategy workshop.  The bolded intervention 

categories became our strategies.  Cross‐cutting denotes the need to subsume these interventions into all 

strategies. 

Intervention Category 
Average of 
Total Score 

Average of 
Intervention

Score 

Average 
of Impact 
Score  Scale 

Identify and protect refugia  13.0  7 6  Large 

Improve infrastructure for resilience  13.0  7 6  Small 

Cross boundary coordination  12.7 
7 6  Cross‐

cutting 

Education and outreach  12.6 
7 6  Cross‐

cutting 

Recreation management  12.5  7 6  Small 

Research and monitoring  12.5 
7 6  Cross‐

cutting 

Assist/allow transformation  12.0  6 6  Large 

Water management   12.0  6 6  Small 

Proactive treatment for forest resilience  11.5  6 6  Large 

Riparian management for water and fish   11.0  6 5  Small 

Proactive fire management  10.8  5 6  Small 

 

The	top	impacts	across	the	three	scenarios	to	the	spruce‐fir	landscape	are	altered	species	
composition,	altered	fire	regime,	and	social	and	economic	impacts,	followed	by	education	and	
altered	water	regime	(Table	1).	To	help	narrow	down	the	interventions	to	work	on,	we	evaluated	
total	scores	for	impacts,	interventions	and	landscape	scale.	We	also	grouped	interventions	where	
appropriate.	We	did	not	single	out	cross‐cutting	interventions,	such	as	education	and	outreach,	
because	these	strategies	are	likely	to	be	nested	under	of	the	other	strategies.	It	is	also	important	to	
note	that	not	selecting	a	strategy	did	not	mean	that	the	strategy	was	not	worthy	of	more	attention;	
rather,	in‐depth	strategies	could	not	be	developed	for	everything	in	the	final	workshop	due	to	time	
constraints.	See	Appendix	L	for	summary	tables	of	the	impacts	and	interventions	associated	with	
the	three	strategies	identified	during	the	February	and	April,	2016	adaptation	workshops.			

The	three	strategies	identified	for	further	development	were:	

1. Identify	and	protect	persistent	areas	(refugia):	protection,	management	and	restoration	
are	much	more	likely	to	succeed	if	within	a	climate	refugia,	in	addition	to	a	high	score.	

2. Proactive	treatment	for	resilience:	this	strategy	had	the	most	number	of	identified	
interventions		

3. Accept,	assist	and	allow	transformation:	it	is	important	to	recognize	that	transformation	
is	likely	to	occur	and	assist	where	appropriate,	e.g.,	spruce‐fir	migrating	into	new	areas	and	
new	species	moving	into	current	stands.	
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GOALS AND OBJECTIVES FOR THE SPRUCE‐FIR LANDSCAPE 

Goal 

A	resilient	spruce‐fir	subalpine	forested	landscape	that	supports	viable	populations	of	species	of	
concern	(and/or	obligate	species)	and	supplies	human	communities	with	a	suite	of	ecosystem	
services	in	the	face	of	a	changing	climate.	Allow	natural	processes	to	function	within	the	landscape	
(e.g.,	fires,	insects),	while	protecting	people,	infrastructure,	and	refugia.	Where	spruce‐fir	is	
vulnerable	and	where	climate	suitability	will	be	changed,	facilitate	a	vegetation	conversion	to	
suitable	tree	species,	e.g.,	aspen/mixed	conifer.	

Objectives 

1. By	2035,	protect/conserve	areas	identified	as	spruce‐fir	climate	refugia	and	linkages	well‐
distributed	across	the	landscape	and	(linkages	include	migration	corridors)	that	represent	at	
least	80%	of	the	potential	refugia	and	linkages	within	the	Basin	for	lynx,	pine	martens,	snow‐
shoe	hare,	and	other	obligate	species	of	concern	

2. Through	2035,	manage	for	and	maintain	the	opportunity	for	structural	stage	and	canopy	cover	
class	distribution	and	maintain	a	variety	of	spruce‐fir	age	classes	across	climate	refugia	within	
manageable	areas.		

3. Through	2035,	most	of	new	infrastructure	or	maintenance	of	existing	infrastructure	will	
incorporate	improved	design	or	changes	so	that	they	are	climate	smart	and	reduce	risks	to	
people’s	safety	over	time.	Ensure	that	roads,	powerlines,	culverts,	etc.	are	designed	to	
withstand	extreme	climatic	events,	e.g.,	wildfires	and	catastrophic	flood.	

4. By	2035,	actively	reforest	areas,	where	appropriate	or	feasible,	within	refugia	that	are	not	
regenerating	naturally	and	have	experienced	severe	mortality	or	major	disturbance	to	help	
ensure	these	areas	will	continue	to	remain	as	forest.		

5. Through	2035,	protect	and	maintain	healthy	trees	within	larger	stands	that	are	dying	from	
insect,	disease	and	fire	when	managing	for	a	future	forest.		

6. By	2035,	restore	or	maintain	a	mosaic	of	wet	meadows,	willow	carrs,	riparian	corridors	and	
their	hydrologic	regime,	and	montane	grasslands,	by	removing	non‐climate	stressors,	e.g.,	
incompatible	grazing,	protection	during	disturbance	where	feasible,	using	a	climate‐smart	seed	
mix	or	plant	materials	and	anticipating	plant	growth	changes,	species	changes	and	seasonal	
changes	in	climate.		

7. By	2035,	identify,	maintain	or	expand	warm‐dry	refugia,	e.g.,	mixed	conifer	–	montane	forest,	
within	SF	landscape	to	provide	seed	source	and	genotypes	to	assist	with	transformation.	

8. By	2035,	manage	for	seasonal	access	and	maintain	recreational	opportunities	within	the	
spruce‐fir	landscape,	e.g.,	harvest	spruce‐fir	forest	dependent	non‐forest	timber	products,	e.g.,	
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mushrooms/chanterelles,	boletes,	osha,	and	arnica,	skiing,	hiking,	and	spiritual	opportunities.	

9. By	2035,	allow	transformation	of	subalpine	forests	in	vulnerable	areas	that	may	be	lost	(based	
on	bio‐climatic	models)	into	appropriate	vegetation	type	adapted	to	climate	change,	e.g.,	
warmer	sites	that	may	transform	into	subalpine	grassland	or	mixed	conifer,	in	coordination	
with	management	of	other	systems.	
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ADAPTATION STRATEGIES, OUTCOMES AND ACTIONS FOR THE 

SPRUCE‐FIR LANDSCAPE  

The	climate	adaptation	strategies	for	the	spruce‐fir	landscape	are	presented	below	in	both	table	
format	and	diagrams	or	Results	Chains.	These	strategies	incorporate	all	the	information	gathered	
over	the	course	of	this	project,	e.g.,	climate	scenarios,	social	response	to	interviews	and	narrative	
scenarios,	ecological	response	models,	social‐ecological	response	models,	and	interventions.	See	
Figures	4‐6	for	diagrams	or	Results	Chains	summarizing	desired	outcomes,	intermediate	outcomes	
and	actions	for	each	of	the	three	adaptation	strategies.		

Three Priority Adaptation Strategies for the Spruce‐Fir Landscape 

	
Adaptation strategy  Bio‐climatic zones* 

Identify and Protect Refugia (persistent areas) 
Identify and manage the areas that are most likely to 
persist under our future climate. Conservation, 
management, and restoration of the spruce‐fir landscape 
are much more likely to succeed within a climate refugia. 

 

Persistent & Threatened 
Persistent areas are the “refugia” or areas that are 
likely to maintain a suitable climate for spruce‐fir.  

Threatened areas may be able to survive changes, but 
future climate is marginal and may hinder 
regeneration for spruce or fir trees.  

 
 

Proactive Treatment for Resilience 
This strategy allows the development of treatment/ 
restoration plans that will improve the resiliency of the 
spruce‐fir landscape, especially within those areas that 
are likely to be persistent. This strategy had the most 
number of identified interventions. 

Assist and Allow Transformation 
It is important to recognize that transformation is 
inevitable in many areas and rather than resist this 
change, change can be accepted and, perhaps, assisted or 
supported. 

Lost and Emergent 
Lost areas are where the future climate is highly 
unlikely to support spruce‐fir and the area is most 
likely to transform into a grassland or some non‐
spruce‐fir community once a large disturbance 
removes spruce‐fir.  

Emergent areas are where we believe the future 
climate will support spruce‐fir habitat, but the area is 
not currently dominated by spruce‐fir.  
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Strategy 1: Identify and Protect Persistent Ecosystems 

Identifying, protecting, and 

managing patches that are likely to 

persist in the face of climate change 

will assist in maintaining a resilient 

spruce‐fir subalpine forested 

landscape that supports viable 

populations of species of concern and 

supplies our human communities 

with a suite of ecosystem services.  

►Intermediate outcomes   
Actions to achieve outcome 
 

Below are the intermediate outcomes (results) with key actions needed to achieve the desired 
outcomes. This strategy has one pathway to reach success.  
 

► Climate and biophysical attributes identified that characterize 
persistent areas for three climate scenarios 

 Identify data gaps  
 Assess quality of areas 
 Use forest maps to identify biophysical attributes  
 Identify climate zones likely to persist 
 

► Spruce‐fir persistent areas and linkages are identified and mapped that support spruce‐fir 
dependent species   

 Create map of potential persistent areas and linkages 
 Assess condition of potential linkages 
 Identify species and attributes for linkages 
 Clarify if linkages are for species and/or persistent areas 
 Compare current vegetation and future potential natural vegetation  
 

► Persistent areas and linkages criteria agreed upon by major land managers 
 Identify stakeholders 
 Develop and implement outreach plan that communicates and collaborates with 

community and stakeholders 
 Assess and monitor wildlife use of linkages and persistent areas   

 
► Management targeted within persistent areas and linkages to create more resilient spruce‐fir 

system   
 Determine desired condition of persistent areas and linkages 
 Monitor change and effectiveness of management actions 
 Develop site specific prescriptions for each persistent area 
 Manage recreation 
 Implement monitoring 
 Define management constraints (e.g., wilderness) 

Desired Outcomes (Climate impacts reduced 
and condition improved)  
Protect, maintain and enhance areas identified 
as spruce‐fir climate refugia (persistent areas) 
and linkages that are well‐distributed across the 
landscapes that support viable populations of 
species of concern and provide ecosystem 
services for livelihoods.  

 

Persistent ecosystems are 

refugia that are likely to 

support current ecosystems 

into the future.	
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 Determine management strategies for resilience in areas adjacent to persistent areas and 
within linkages 

 Develop BMPs to incorporate livelihoods and recreation in forest management 
 

► A network of mature spruce‐fir forests is protected and maintained across the landscape 
 Ground‐truth linkages to ensure functionality. 

 

Why this Strategy is Important 

Persistent	ecosystems,	i.e.,	refugia,	are	areas	likely	to	support	spruce‐fir	forests	into	the	future.		
This	strategy	is	important	as	it	is	easier	to	maintain	existing	systems	than	to	restore	systems	and	
adapt	to	climate	change.	The	scale	of	linkage	zones	may	vary	depending	on	the	species,	e.g.,	large	
for	lynx,	smaller	for	martin,	and	species	genetics.	Management	depends	on	the	targeted	species	and	
objectives	of	the	linkages.	The	refugia	sites	are	likely	to	maintain	a	suite	of	ecosystem	services	that	
will	benefit	human	communities,	e.g.,	snow	retention,	flood	mitigation,	tourism,	hunting	and	
gathering,	etc.	

Challenges to Implementation 

The	key	challenges	to	implementing	this	strategy	are:	1)	public	understanding	and/or	acceptance,	
buy‐in	on	the	need	for	refugia,	and	finding	willing	landowners;	2)	funding	to	protect	and	manage	
these	areas;	3)	existing	policies	provide	sideboards	as	to	what	kinds	of	management	can	occur	and	
may	not	easily	allow	the	needed	management;	4)	ESA	constraints	around	listed	species,	e.g.,	lynx,	
may	limit	management	allowed;	5)	potential	push	back	from	the	timber	industry	if	strategies	
constrain	their	ability	to	operate;	6)	push	back	from	environmental	groups;	and	7)	physical	and	
operational	challenge	of	working	on	steep	slopes.	

Opportunities for Successful Implementation 

Opportunities	for	successful	implementation	of	this	strategy	include:	1)	the	ability	to	structure	
conservation	easements	to	accommodate,	support	and	encourage	certain	types	of	management;	2)	
mechanisms	to	work	with	private	lands	and	implement	at	the	landscape	scale,	e.g.,	the	USFS	Forest	
Legacy	program,	and	working	with	private	landowners	through	the	Wyden	Amendment;	3)	
opportunities	for	funding	and	learning	through	collaborative	field	trips,	e.g.,	Uncompahgre	Project,	
and	4)	share	the	importance	of	refugia	and	the	need	to	manage	for	resilience.	
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Figure 4. Results chain describing intermediate outcomes and actions for the identify and protect persistent areas strategy for the spruce‐fir landscape. 
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Strategy 2. Proactive Treatment for Resilience 

This strategy applies to persistent 

and threatened zones and includes 

private landowners in both the 

Wildland Urban Interface (WUI) and 

the more remote parts of the forests. 

Ultimately we want to maintain a 

functional spruce‐fir landscape that 

supports biodiversity and land‐based 

livelihoods. 

 
►Intermediate outcomes   
Actions to achieve outcome 

 

Below are the intermediate outcomes (results) with key actions needed to achieve the desired 
outcomes.   
 
Multiple parallel interconnected outcome paths are needed for success. 

 
One path relates to insect outbreaks: 

► Following insect and disease outbreaks, 
management activities create resilient forest  

 Protect live trees in high priority areas 
 Reforest as needed after outbreaks 
 Manage for age and species diversity 
 Collect tree genotypes that escape 

outbreaks 
 

Another path relates to severe fire: 
► Following severe fire, through management activities a resilient forest is created  

 Identify genotypes for future climate 
scenarios, e.g., Warm and Wet or Hot and 
Dry, as the climate could be a combination 
of all three scenarios 

 Plant trees in areas with low regeneration 
 Plant climate smart seeds that can grow 

under all scenarios 
	

Another path relates to management: 
► Experimental design and stratification system 

created 
 Articulate key questions needing addressing and what needs to be tested 
 Collect plant species for understory that could grow under all scenarios 
 Research how climate change will impact rare plants and pollinators 
 Prioritize where to work 

Desired Outcomes (Climate impacts reduced and 
condition improved) 

Enhanced resiliency of the spruce‐fir landscape 
to climate stressors by maintaining ecological 
processes and restoring or improving the 
condition of the system to support ecosystem 
services, wildlife, and social values. 

Management response following 

insect outbreaks is different from that 

following severe fire.	

We need to identify desired condition 

in advance so we are ready to respond 

appropriately when disturbances 

happen; need to look at how climate 

influences the potential vegetation in 

the future. Seed mix should apply to all 

possible futures. 
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 Determine management constraints 
 Develop climate smart native species mixes for reseeding following disturbance 
 Experiment in different watersheds and monitor response 
 Reassess adaptive management objectives 

 
An interconnected pathway leads through forest and fire management: 

 
► Public educated to prepare for change and manage for resilience 

 Identify stakeholders, e.g., youth, advocacy groups that use the forest, community 
members 

 Develop and implement an outreach and education plan that communicates and 
collaborates with community and stakeholders on climate impacts and need for active 
management 

► Forest and fire management create more resilient forests 
 Educate those that live in wildland urban interface (WUI) on fire adapted communities 
 Adaptively manage forests 
 Manage for drier and frost tolerant genotypes, age and structural diversity 
 Create forest mosaic 
 Protect live trees when salvage logging 
 Design silvicultural prescriptions to promote a resilient forest 
 Reforest as needed after forest management 
 Create fire breaks especially in WUI 
 Manage for diverse age and structure 
 Manage to protect infrastructure 
 

Following forest and fire management, several pathways can be taken: 
► Timber and salvage logging products and biomass economic opportunities developed 

 Non‐timber forest products including osha and mushroom collecting do not impact forest 
resiliency 

 Take actions to achieve forest timber products 
 
Following fire and forest management, another path relates to invasive species: 

► Invasive species management plan developed and implemented 
 Map invasive species 
 Implement and monitor impact of weed treatments 
 

Another path relates to recreation: 
► Recreation managed so it does not negatively impact resiliency 

 Restrict recreation when impact is high on wildlife, soil, water, etc. 
 Educate public about need for sustainable recreation 

	
Another path leads through hydrologic regime: 

► Hydrologic regime managed and improved 
 Restore degraded wet meadows, willow carrs and wetlands 
 Replace culverts with climate‐wise culverts 
 Establish climate wise roads and trails 
 Maintain willow carrs 
 Maintain/restore fens to increase soil carbon 



30    Social Ecological Climate Resilience Project ‐ 2017 

Then,		
► Soil productivity maintained 

 Consistent management to promote soil health 
 Monitor soil productivity 
 Monitor soil moisture 
 Manage/restore degraded areas for soil carbon storage 
 Determine carbon sequestration potential 

Why this Strategy is Important 

This	strategy,	when	coupled	with	the	refugia	strategy,	leads	to	a	well‐maintained	and	resilient	
spruce‐fir	landscape	that	provides	the	ecosystem	services	for	human	and	natural	communities.		It	is	
a	critical	strategy	for	promoting	the	capacity	of	the	system	to	withstand	change,	retain	vital	
characteristics	and	ecosystem	services,	and	for	reducing	impacts	from	extended	droughts	and	
altered	species	composition.	This	strategy	needs	to	apply	to	lands	managed	by	private	landowners	
within	WUI	as	well	as	the	more	remote	parts	of	the	forests.	It	also	outlines	the	risks	that	the	forest	
landscape	faces.	

Challenges to Implementation 

The	key	challenges	to	implementing	this	strategy	are:	1)	public	acceptance	of	the	need	for	proactive	
management;	2)		NEPA	processes	may	not	fit	well	within	framework;	3)	the	scale	of	needed	
treatment	is	challenging,	e.g.,	removing	hazard	trees	along	road	is	fine,	but	treatment	half	mile	from	
road	is	less	acceptable,	e.g.,	within	wilderness	or	roadless	areas;	4)	litigation	can	hold	up	getting	
work	done;	5)	working	with	multiple	stakeholders;	6)	impacts	on	wildlife	habitat,	e.g.,	potential	for	
conflicts	between	lynx	and	other	species;	7)	treatments	may	be	expensive	on	large	acreages;	8)	
experimental	design	may	take	time	as	the	trees	grow	very	slowly	‐	adaptive	management	takes	a	
long	time	and	could	be	expensive;	9)	securing	funding	for	proactive	treatments;	10)	skilled	labor	
needed	to	maintain	the	timber	industry;	and	11)	maintaining	momentum	to	continue	and	adapt	this	
project	as	new	information	becomes	available	after	this	project	ends.	

Opportunities for Successful Implementation 

Opportunities	for	successful	implementation	of	this	strategy	are:	1)	to	increase	public	and	local	
community	understanding	of	the	importance	of	the	impacts	and	that	there	is	something	we	can	do	
to	address	climate	change;	2)	local	businesses	can	potentially	help	tell	the	message;	3)	removal	of	
spruce	could	help	cover	costs	of	other	treatments;	4)	alternative	products,	e.g.,	biomass	products,	
can	help	increase	markets;	5)	funding	projects	by	FEMA	and/Colorado	Water	Plan	and	Basin	Round	
Table,	Stream	Management	Planning,	or	local	governments;	6)	incorporate	climate‐smart	strategies	
into	the	10‐12	year	USFS	Spruce	Beetle	Epidemic	and	Aspen	Decline	(SPEADMR)	Project;	7)	work	
with	graduate	students,	researchers,	and	willing	landowners	to	test	treatments	and/or	fill	data	
gaps;	8)	share	information	among	agencies;	9)	county	commissioners	can	advocate	for	the	project;	
10)	Colorado	State	Forest	Service	funding	for	fire	restoration	projects	to	support	climate‐smart	
projects;		11)	funding	for	land	acquisition	and	land	stewardship	from	towns	and	counties;	11)	
engage	youth,	e.g.,	the	WSCU	Masters	in	Environmental	Management	Program;	and	12)	influence	
GMUG	forest	plan	revision.	
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Figure 5. Results chain describing outcomes and actions for the proactive treatment for resilience strategy for the Spruce‐Fir Landscape.
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Strategy 3: Assist and Allow Transformation 

This strategy accepts that some areas are 

unlikely to be repopulated by a spruce‐fir 

forest after a disturbance kills the stand 

(the opposite of a refugia), as well as the 

likely natural migration of spruce‐fir into 

the alpine region. 

 
►Intermediate outcomes 
Actions to achieve outcome 

 
 

Below are the intermediate outcomes (results) with key actions that may be needed to achieve the 
outcomes.   
 
Multiple parallel interconnected outcome paths are needed for success. One path leads through warm 
refugia: 

► Research and monitoring program created to guide 
transformation 

 Identify warm refugia areas 
 Protect warm refugia 
 Map lower edge of spruce‐fir landscape 
 Monitor 

Then, 
► Warm refugia expanded within current spruce fir 

landscape and within mixed conifer 
 Manage for the expansion of refugia by 

protection from wildfire, e.g., thinning 
 Collect seeds from warm refugia and spread 

seeds and genetic material 
 Manage for seed source of drought tolerant 

species within the spruce‐fir landscape 
 Monitor impact on wildlife of tree species changes 
	

Another path leads through public education: 
► Public is educated about change, insects, disease and need for transformation 

 Conduct public outreach to build acceptance and teach people how to live with fire and 
the need for on the ground management before forest becomes overgrown and dense. 

Then,	
► Climate‐smart revegetation strategy developed 

 Develop new guidelines and change policies allowing for seed transfer of trees, shrubs, 
forbs and grasses between zones 

 Develop native materials program including shrub, forb, grass and tree species 
 Collect seed cones and seeds from highest elevation species 
 Collect mixed ecotypes not just leading edge 

Desired Outcomes (Climate impacts reduced 
and condition improved) 
Recognition and acceptance that some sites 
will not support current spruce‐fir stands under 
future climate and that other areas will 
become suitable habitat.  Rather than resist the 
transformation we will assist the 
transformation. 	

Warm refugia are existing sites within 

the spruce‐fir landscape that represent 

a warmer climate. These sites are likely 

to provide an excellent seed source as 

well as a reference site. The vegetation 

within these warm refugia is an 

indicator of the species that are most 

likely to persist and “emerge” into 

adjacent areas once a disturbance kills 

the adjacent spruce‐fir forest.	
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 Collect seed cones and seeds from lowest elevation species 
Then either: 

► Following insect events, facilitate transition to drier species at lower edge 
 Manage fuels in beetle areas 

Or: 

► Aspen stands expanded where appropriate 
 Manage elk population 
 Adaptively manage and monitor impacts of elk, deer, cattle and sheep grazing 
 Monitor impact on wildlife of tree species changes 
 Manage aspen as fire breaks 
	

The above pathways flow through this intermediate outcome: 
► Fire management facilitates transition to drier species, fire resistant/resilience species at lower 

edge 
 Manage burned areas to ensure fire frequency is low 
 Identify and reinforce natural fire breaks 
 Educate recreationalists to prevent human fire starts 
 Replant trees where needed 
 Mechanical fuel treatments 
 Manage for mosaic, e.g., warm refugia 
	

Then,	
► Climate‐adapted vegetation communities (species mixes) facilitated 

 Research seed sources and regeneration of new species within and outside of basin 
 Plant fire adapted and drought resistant species mix from lower and upper elevation 

	
► Planning and zoning integrated into plans to reduce home building in forests 

 Develop county regulations with incentives for height, density, and fire smart activities 
 Include insurance companies and real estate companies to ensure homes are safe and 

people have fire insurance 
	

► Forest is managed for healthy carbon cycle as an ecosystem service 
 Research baseline for carbon sequestration 

 

Why this Strategy is Important 

This	strategy	is	focused	on	emergent	and	lost	zones	of	the	spruce‐fir	landscape.	It	is	our	only	
strategy	that	accepts	and	embraces	major	changes.		These	major	changes	are	more	likely	to	occur	in	
the	low‐elevation	areas	that	are	currently	very	dry	sites	and	at	high	elevations.		Management	
options	are	more	limited	in	the	emergent	zone,	where	many	rare	plants	occur.	It	is	important	to	pay	
attention	to	rare	plant	populations	and	what	can	be	done	to	protect	them	as	they	may	have	no	place	
to	go;	specific	rare	plant	areas	will	need	research	and	monitoring.	Experimental	design	and	
monitoring	are	needed	early	on	for	implementing	this	strategy	as	there	is	great	uncertainty	about	
the	speed	of	the	transformations	and	results	of	the	actions.	Emergent	areas	may	not	be	located	in	
wilderness.	Species	composition	in	the	alpine	is	already	changing,	likely	because	of	longer	growing	
season.	Spruce‐fir	is	getting	squeezed	and	krummholz	(the	transition	between	alpine	and	
subalpine)	trees	are	bolting.	Timber	industry	is	already	looking	at	different	tree	species.	
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Challenges to Implementation 

In	many	ways,	this	is	our	most	challenging	strategy,	as	we	are	accepting	a	change	but	we	are	not	
highly	confident	on	what	the	change	will	be.	The	key	challenges	to	implementing	this	strategy	are:	
1)	public	acceptance	of	change,	e.g.,	public	response	to	gaining	trees	is	very	different	from	losing	
trees;	2)	likelihood	of	more	frequent	fires	in	the	WUI	with	increased	warm	refugia;	3)	funding	and	
resources	for	implementing	this	strategy	could	be	problematic;	4)	obtaining	clearance	for	
genotypes	of	plants	suitable	for	revegetation;	5)	potential	conflicts	between	carbon	storage	and	
letting	forests	burn	(need	balance	between	putting	out	fires	and	overly	dense	forest;	carbon	storage	
is	an	ecosystem	service);	6)	gaining	support	for	assisted	migration;	and	7)	only	a	small percent of 
the forest is manageable (however, you can seed in Wilderness areas after fire). 

Opportunities for Successful Implementation 

The	key	opportunities	for	implementing	this	strategy	are:	1)	to	form	partnerships	with	WSCU	and	
other	universities	to	conduct	research		to	address	key	data	gaps	and	monitoring	to	inform	
management	associated	with	this	strategy;	2)	creativity	to	use	various	tools	such	as	snow	fences	
and/or	new	technology	such	as	drones	and	cameras	to	monitor	change;	3)	to	plant	aspen	around	
the	WUI	as	it	is	less	flammable	than	conifer	species;	4)	to	change	the	dialogue	from	climate	change	
to	managing	for	natural	resiliency	and	healthy	forests;	5)	to	increase	carbon	sequestration,	
although	we	recognize	that	there	will	be	tradeoffs;	and	6)	to	include	this	strategy	into	silvicultural	
prescriptions	for	management	for	the	Colorado	State	Forest	Service	as	a	way	to	improve	forest	
health.	
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Figure 6. Results chain describing outcomes and actions for the assist and allow transformation strategy for the spruce‐fir landscape. 
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OVERARCHING CHALLENGES AND OPPORTUNITIES FOR 

APPLICATION OF THE THREE CLIMATE ADAPTATION STRATEGIES  

At	the	final	workshop	in	April,	2016,	participants	articulated	overarching	challenges	to	
implementing	the	three	climate	adaptation	strategies	and	the	use/application	of	workshop	results,	
summarized	below.	

Challenges/Barriers 

1. Human	use,	e.g.,	housing	development,	as	population	increases	in	Colorado	and	beyond	
2. Acceptance	by	the	public	of	the	reality	of	climate	change	and	that	it	isn’t	going	away	
3. Agency	capacity	and	funding	to	implement	the	strategies	and	actions	
4. Funding	to	support	proactive	management	when	wildfire	may	get	worse	and	most	of	the	

funding	goes	to	fire‐fighting/fire	suppression	
5. Some	groups	oppose	the	USFS	Spruce	Beetle	Epidemic	and	Aspen	Decline	Management	

Response	project.	

Opportunities to Use and Apply the Project Results 

Participants	were	asked	at	the	final	Spruce‐Fir	Workshop	in	April,	2016:	How	can	you	take	this	
information	and	use	it?	How	are	you	going	to	use	it?	

1. Inform	agency	planning,	actions,	and	decisions:	Partners	noted	that	the	project	and	results	
will	help	them	to	prioritize	future	work.	There	is	currently	an	opportunity	to	inform	the	
Grand	Mesa,	Uncompahgre,	Gunnison	National	Forest	(GMUG)	plan	revision,	e.g.,	to	identify	
the	refugia	and	define	linkages.	The	Colorado	State	Forest	Service	(CSFS)	can	use	projected	
models	for	forest	type	distribution	in	silvicultural	strategies.	Partners	noted	that	this	
project	has	helped	educate	them	on	climate	change	and	strategies	to	cope	with	change.	

2. Application	at	larger	scales:	Some	agencies	have	been	using	these	techniques	at	smaller	
scale	and	this	work	will	help	with	strategic	decisions	regarding	management	and	land	
acquisition/easement	acquisition	at	larger	scales.	

3. Sharing	results:	Participants	stressed	the	importance	of	sharing	the	strategies	with	
stakeholders	and	upper‐level	managers	within	the	Gunnison	Basin,	and	sharing	the	
methods	for	potential	application	in	other	landscapes.	

4. Wildlife	management:	This	information	can	help	CPW	managers	think	about	how	wildlife	
populations	will	respond,	inform	management	plans	and	number	of	licenses	to	offer,	and	
how	to	stay	ahead	of	the	game.	

5. Working	with	landowners:	The	CSFS	will	be	able	to	share	this	information	for	use	on	
specific	projects	working	with	landowners.	

6. Identify	refugia	and	linkages:	BLM	and	USFS	are	interested	in	identifying	refugia	with	
geographic	representation	where	spruce‐fir	can	be	conserved.		

7. Prioritization	of	work:	The	results	will	help	land	trusts	prioritize	conservation	and	land	
acquisition.	They	can	also	help	CPW	to	refocus	and	think	differently	about	how	to	prioritize	
work,	from	species	to	habitats.	

8. Tools:	The	tools	and	information	can	help	USFS	and	others	manage	landscapes	and	meet	
their	mission	of	healthy	landscapes	and	multiple	uses.	It	can	also	help	communities	who	are	
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dependent	on	public	lands	and	their	ecosystem	services,	continue	to	persist	and	thrive.	
9. Research:	This	effort	will	help	drive	research	on	unanswered	questions	for	managers.	

Funding	is	needed	for	research	to	support	adaptive	management.	
10. Garnering	support	for	action:	This	information	will	be	helpful	to	share	with	people	to	help	

gain	support	for	taking	climate	action.	
11. Funding:	Some	partners	indicated	that	reactive	vs	proactive	strategies	are	more	likely	to	be	

funded,	e.g.,	timber	budget	has	gone	up	50%	to	address	beetle	mortality.	The	USFS	is	
implementing	the	Spruce	Beetle	EIS	and	currently	have	increased	budgets.	

	

NEXT STEPS 

Refining the Framework: 

1. Develop a streamlined template of the framework that can be applied to other conservation 
landscapes in and beyond the Basin. 

2. Scale‐up	lessons	learned	regarding	how	to	integrate	social,	ecological	and	climate	science	
and	share	the	model	with	others	conducting	similar	projects.	

Implementation: 

1. Further	develop	the	strategies/actions	and	develop	an	implementation	plan,	particularly	for	
the	assist	and	allow	transformation	strategy	to	help	clarify	desired	outcomes	and	audience.	

2. Initiate	“the	identify	and	protect	refugia”	strategy	and	actions	with	stakeholders,	managers	
and	project	team.	

3. Apply and refine the planning framework	to	other	targeted	landscapes.	Bring	communities	
together	around	key	topics,	e.g.,	drought,	fire	and	invasive	species.		

4. Implement	the	strategies/actions	and	develop	a	monitoring	program	to	detect	trends	and	
progress	towards	goals	and	objectives.	

5. Develop	criteria	to	evaluate	progress	in	implementing	the	strategies	and	evaluate	progress	
(identify	barriers	to	implementation).	

Sharing Results: 

1. Share project results with upper-level managers of key federal and state agencies, e.g., USFS, 
BLM, NRCS, and NPS.  

2. Present and discuss results with a broader audience representing non-governmental stakeholders 
from the recreation, range, ranching, and fire sectors, non-profit organizations, and 
representatives from other towns, as well as governmental officials. 

3. Develop an outreach plan for the project and key strategies. 
4. Develop a high-level executive summary of the project to share with stakeholders and partners; 

share results broadly. 
5. Develop	a	clearinghouse	for	sharing	maps,	data,	charts,	graphs,	bio‐climate	models,	and	

other	products	that	is	accessible	to	managers,	participants	and	stakeholders.	
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CONCLUSIONS AND LESSONS LEARNED 

The	planning	framework	used	for	this	project	builds	on	earlier	social‐ecological	vulnerability	
assessments.	It	consists	of	selecting	social‐ecological	landscapes,	developing	climate	scenarios,	
developing	narrative	scenarios	and	ecological	response	models,	conducting	interviews	and	focus	
groups,	developing	social‐ecological	response	models,	identifying	impacts	and	interventions,	and	
developing	strategies	and	actions.	The	framework	was	applied	with	natural	resource	managers,	
researchers	and	other	stakeholders	to	develop	robust	climate	adaptation	strategies	for	the	
sagebrush	landscape	in	the	Gunnison	Basin.		

The	project	team	worked	with	the	GCWG	and	other	stakeholders	to	apply	the	planning	framework	
to	the	sagebrush	landscape	in	the	Gunnison	Basin.	At	the	same	time,	another	group	of	stakeholders	
focused	on	pinyon‐juniper	woodlands	and	seeps	and	springs	in	the	San	Juan	Basin.	The	two	groups	
ended	up	with	similar	themes	of	adaptation	strategies:	conserve	climate	refugia,	proactively	treat	
for	resilience,	and	assist/allow	transformation.		

The	adaptation	strategies	are	based	on	three	basic	principles	for	different	zones	for	the	sagebrush	
landscape	in	the	face	of	a	changing	climate:	1)	work	in	sagebrush	shrublands	most	likely	to	persist	
in	the	future,	2)	focus	on	proactive	treatment	to	build	resilience	in	persistent	sagebrush	areas;	and	
3)	assist	and/or	allow	transformation	in	emergent	and/or	lost	zones.			

Important	next	steps	include	sharing	results,	further	developing	the	strategies	and	actions,	
implementing	actions	and	designing	a	monitoring	program	to	track	progress	towards	goals	and	
objectives,	evaluate	the	efficacy	of	strategies	and	actions,	and	adjust	actions	as	needed.	

This	framework	could	be	applied	in	other	landscapes	and	inform	on‐the‐ground	work	to	prepare	
for	a	changing	climate	and	associated	impacts.	

Lessons Learned 

Climate Scenarios and Bio‐Climatic Models 

Utilizing	three	climate	scenarios	was	useful	in	understanding	the	uncertainty	associated	with	
climate.	Developing	strategies	for	one	climate	scenario	(Feast	and	Famine)	first	and	then	evaluating	
how	well	those	strategies	addressed	the	two	other	scenarios	helped	to	streamline	the	process	while	
effectively	dealing	with	the	breadth	of	potential	climates.	Many	workshop	participants	commented	
about	the	utility	of	the	bio‐climatic	models	to	help	visualize	geographical	opportunities	for	
implementing	strategies.	However,	it	is	important	to	note	that	these	are	models	and	may	not	
represent	reality.	One	participant	suggested	the	need	for	more	consideration	of	extreme	events	in	
all	scenarios,	interventions	and	strategies.	

Situation Analysis and Chain of Consequences Methods 

Workshop	participants	suggested	using	a	combination	of	both	the	Situation	Analysis	and	the	Chain	
of	Consequences	methods	for	identifying	interventions.	The	Situation	Analysis	can	be	used	first	to	
understand	the	landscape	context	and	explore	a	broad	range	of	impacts,	followed	by	the	Chain	of	
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Consequences	to	drill	down	into	more	specific	interventions.	It	is	important	to	allow	enough	time	to	
develop	comprehensive	chains	and	interventions,	potentially	up	to	one‐half	day	per	impact.	
Additional	preparation	may	improve	efficiency	given	the	time	constraints,	e.g.,	having	a	draft	list	of	
primary	consequences	to	react	to	and	build	from	may	have	saved	time	at	the	workshop.	

Opportunity to Compare Results developed by Different Groups 

Different	participant	groups	produced	different	results	at	the	April,	2015	workshop	using	the	two	
different	methods,	Situation	Analyses	and	Chain	of	Consequences.	While	the	primary	consequences	
were	similar	among	groups,	the	choice	of	which	chains	to	further	develop,	chain	length,	and	the	
focus	on	ecological	versus	socioeconomic	consequences	differed	among	groups.	Some	results	
clearly	reflected	the	composition	of	the	group	(e.g.,	groups	with	more	social	scientists	explored	
more	social	and	economic	issues),	thus	it	is	important	to	recruit	a	diverse	set	of	participants	to	
workshops	to	ensure	a	balanced	outcome	that	integrates	both	social	and	ecological	perspectives.	

Interviews and Focus Groups 

The	interviews	and	focus	groups	helped	the	team	understand	the	natural	resource	managers	and	
stakeholders	making	decisions	about	adaptation	in	this	landscape,	including	how	they	might	
respond	to	local	climate	impacts,	what	they	need	to	respond,	and	the	decision‐context	within	which	
they	work.			Further,	this	part	of	the	social	science	research	helped	identify	risk	perceptions	and	key	
barriers	to	effective	adaptation.		These	were	critical	insights	that	ensured	that	adaptation	strategies	
addressed	important	risks	and	recognized	barriers	to	be	tackled	in	the	future.		Additionally,	
utilizing	scenarios	in	the	focus	groups	built	knowledge	of	how	decision‐makers	navigate	
uncertainty	when	planning	for	climate	change	and	made	uncertainty	explicit	in	the	decision‐making	
process.			Thus,	while	we	learned	from	the	focus	groups	that	planning	for	a	range	of	futures	was	
particularly	challenging,	we	integrated	a	range	of	futures	into	the	steps	that	followed,	building	
capacity	to	plan	in	the	face	of	uncertainty.			

In	this	project,	climate	science	was	integrated	into	social	science	research	through	the	scenario‐
based	focus	groups,	which	built	a	dialogue	between	social,	ecological,	and	climate	processes	that	
informed	our	overall	understanding	of	the	systems.		Ultimately,	engaging	with	decision‐makers	
through	in‐depth	interviews	and	scenario‐based	focus	groups	enabled	the	group	to	develop	
useable,	relevant	tools	and	products	that	are	feasible	within	the	current	institutional,	governance,	
management	and	regulatory	context.		

Results Chains 

Workshop	participants	noted	that	walking	through	the	Results	Chains	step	by	step,	discussing	gaps	
or	redundancies,	was	useful	in	developing	the	strategies	and	stimulating	discussion	and	refinement.	
The	Results	Chains	provided	a	structure	to	develop	actions,	but	due	to	time	constraints	we	were	not	
able	to	develop	more	detailed	and	measurable	actions.	Engaging	participants	to	present	the	draft	
Results	Chains	of	the	strategies	increased	understanding	and	discussion.	Including	text	with	the	
diagram	to	describe	the	Results	Chain	was	a	useful	way	to	communicate	the	strategies/actions.	
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Workshops 

The	workshops	provided	an	opportunity	for	thought‐provoking	discussion,	interaction	and	learning	
for	an	interdisciplinary	group	of	stakeholders,	managers,	and	academics	with	different	
perspectives.	The	process	of	discussing	goals	and	outcomes	with	state	and	regional	stakeholders	
enabled	participants	to	put	their	work	into	the	larger	perspective.		Participants	noted	the	
importance	of	providing	all	materials	developed	through	this	project	for	reference	at	each	
workshop.		The	workshops,	held	in	Gunnison,	provided	a	wonderful	opportunity	for	professors	and	
graduate	students	from	WSCU	to	engage	with	natural	resource	managers	and	community	
stakeholders.	After	the	earlier	workshops,	several	participants	commented	that	it	would	have	been	
useful	to	have	more	diverse	user	groups,	e.g.,	non‐governmental	stakeholders;	the	team	worked	to	
broaden	representation	at	later	workshops.	

Connecting Social and Ecological Components 

Connecting social and ecological components of the targeted landscape was a challenge.  There are 
opportunities to improve the integration of social-ecological components.  It matters who participates in 
the workshops. We recommend that social scientists and users across sectors (e.g., recreation, grazing 
permittees) participate in all meetings. It is important to clearly define and name the targeted landscape 
that includes both the ecological and social systems. For example, we called the target the sagebrush 
landscape, but we suggest that we use a term such as sagebrush and working rangelands landscape.  
Finally, A social and economic vulnerability analysis would be a nice addition to the vulnerability 
analysis. This would help tie the livelihoods, users and their economic value. For example, in ranching is 
a prime economic value; if sagebrush has a high vulnerability, it affects the livelihoods. 

Approach and Duration 

This	project	applied	multiple	methods	to	identify	impacts	of	climate	change	on	the	sagebrush	
landscape	and	to	develop	social‐ecological	adaptation	strategies,	e.g.,	three	climate	scenarios,	
ecological	response	models,	Chain	of	Consequences,	Situation	Analysis,	interviews	and	focus	groups,	
and	Results	Chains.	This	process	took	almost	three	years	to	implement.	Application	of	different	
methods	resulted	in	similar	adaptation	strategies.	For	example,	the	refugia	strategy	rose	to	the	top	
across	the	different	targeted	landscapes.	Thus,	in	the	future,	to	increase	efficiency	in	developing	
adaptation	strategies	for	other	landscapes	or	ecosystems,	teams	may	utilize	only	one	or	two	
methods	to	develop	robust	strategies.	Developing	the	products	over	a	shorter	timeframe	might	help	
with	ensuring	consistent	participation	at	workshops.	
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APPENDIX A. GLOSSARY 

Adaptation 

Climate	change	adaptation	for	natural	systems	is	a	management	strategy	that	involves	identifying,	
preparing	for,	and	responding	to	expected	climate	changes	in	order	to	promote	ecological	
resilience,	maintain	ecological	function,	and	provide	the	necessary	elements	to	support	biodiversity	
and	sustainable	ecosystem	services.		

Adaptation Actions 

Specific	on‐the‐ground	management	or	conservation	actions	associated	with	adaptation	strategies	
that	will	strengthen	the	resistance	and	resilience	of	sites,	habitats,	and	species	under	a	changing	
climate.	Actions	designed	specifically	to	address	the	impacts	of	climate	change.	

Example:	Plant	riparian	vegetation	along	target	streams	in	areas	that	have	been	denuded	to	
provide	stream	shading	and	buffer	floods.	

Adaptation Strategies 

Management	efforts	designed	to	help	nature	and	people	prepare	for	and	adjust	to	climatic	changes	
and	associated	impacts.	Strategies	are	focused	on	reducing	impacts	of	climate	change	on	nature	and	
people,	reducing	non‐climate	stressors,	protect	ecosystem	features,	ensure	connectivity	and	restore	
ecosystem	structure	and	function	on	a	large	scale.		

In‐depth	strategies	have	nested	actions	and	articulate	what	you	are	trying	to	do,	how,	when	and	
where	you	will	implement	actions	to	meet	goals	and	objectives.	Ideally,	the	strategies	are	robust	
across	different	climate	scenarios.	They	are	not	intended	to	be	decision	making,	rather	for	
informing	decision‐making.	

Example	of	a	high‐level	adaptation	strategy	for	the	Gunnison	sage‐grouse	brood‐rearing	habitat:	
Retain	water	in	most‐vulnerable	brood‐rearing	habitats	through	water	management:	restore	wet	
meadows	across	the	Gunnison	Basin	to	build	ecosystem	resilience	and	help	the	Gunnison	sage‐
grouse	and	other	wildlife	species	adapt	to	drought	and	intense	precipitation	events	associated	
with	climate	change.	

Example:	Shift	the	age	class	distribution	of	conifer	forest	in	10	locations	across	the	basin,	by	
planting	diverse	species	of	trees,	following	best	practices.	

Adaptation Target 

A	feature	(livelihood,	species,	ecological	system,	or	ecological	process)	of	concern	that	sites	at	the	
intersection	of	climate,	social	and	ecological	systems	(adapted	from	Cross	et	al.	2012).	

Chain of Consequences 

Identifies	the	potential	short‐	and	long‐term	environmental,	social,	and	economic	cascading	
consequences	of	an	event	or	disturbance,	and	determines	intervention	points.	Methods	developed	
by	the	Department	of	the	Interior	(US	Geological	Survey).	Method	used	at	the	April	2015	climate	
adaptation	workshop.	
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Climate Scenarios 

To	aid	in	decision‐making	in	the	face	of	uncertainty,	climate	scientist	Imtiaz	Rangwala	(PSD/NOAA;	
WWA/CIRES,	University	of	Colorado)	developed	three	climate	change	scenarios	for	southwestern	
Colorado	based	on	a	range	of	temperature	and	precipitation	projections	by	2035	from	72	global	
climate	models	that	considered	2	RCP‐representative	concentration	pathways	(8.5	and	4.5).	These	
scenarios	represent	three	plausible	but	divergent	future	climate	pathways	for	southwestern	
Colorado	during	the	21st	century	(Rangwala,	2015).	

Climate	scenarios	for	this	project	are:	1)	Hot	and	Dry,	2)	Warm	and	Wet;	and	3)	Feast	and	Famine	
(moderately	hot,	no	change	in	precipitation,	increased	climate	variability).		

Conservation Target 

For	the	purposes	of	this	project,	a	conservation	target	consists	of	a	large‐scale	landscape,	consisting	
of	both	natural	and	human	systems,	that	is	targeted	for	conservation	and	adaptation	strategy	
development.	The	targeted	landscapes	for	the	Gunnison	Basin	include	sagebrush	shrublands	and	
spruce‐fir	forests.	Numerous	animal	species,	plant	species	and	human	communities	in	the	Gunnison	
Basin	rely	on	functioning	sagebrush	and	spruce‐fir	landscapes	that	are	at	risk	of	a	changing	climate.		

The	sagebrush	shrubland	landscape	consists	of	a	mosaic	of	ecosystems	dominated	by	Wyoming	big	
sagebrush	(Artemisia	tridentata	spp.	wyomingensis)	at	the	lower	and	drier	elevations	and	mountain	
sagebrush	(Artemisia	tridentata	ssp.	vaseyana)	at	the	wetter	and	upper	elevations.	Smaller	patches	
of	other	ecosystems	are	scattered	throughout	the	landscape	including:	montane	grasslands,	
windswept	low	sagebrush,	high	elevation	meadows,	low‐elevation	aspen	patches,	low‐elevation	
grasslands,	wet	meadows,	and	groundwater	dependent	wetlands.	It	is	the	core	habitat	for	Gunnison	
sage‐grouse	and	includes	seasonal	habitats	as	well	as	the	lek	grounds,	nesting,	and	brood‐rearing	
habitats.	At	the	upper	elevations	it	is	bounded	by	aspen	or	mixed‐conifer	stands.	Characteristic	
animals	include	Brewer's	sparrow,	Sage	sparrow,	Sage	thrasher,	Green‐tailed	towhee,	Gunnison	
Sage	grouse,	Gunnison's	prairie	dog,	and	Pronghorn.	This	landscape	ranges	in	elevation	from	7,500	
ft.	to	9,500	ft.	and	encompasses	over	1/2	million	acres	within	the	Basin.	

The	spruce‐fir	landscape	consists	of	a	mosaic	of	ecosystems	dominated	by	Engelmann	spruce	and	
subalpine	fir,	ranging	from	10,000‐12,500	ft.	in	elevation.	The	lower	elevations	often	consist	of	
dense	stands	of	spruce‐fir	forest	with	smaller	patches	of	aspen	or	lodgepole	pine.	At	the	upper	
elevations	it	transitions	into	the	alpine	zone	with	a	mosaic	of	willows,	wetlands,	and	mesic	or	dry	
alpine	meadows.	Smaller	patches	of	other	ecosystems,	e.g.,	wetlands	and	fens,	are	scattered	
throughout	the	landscape.	Characteristic	animals	include	Boreal	Owl,	Three‐toed	woodpecker,	Gray	
Jay,	Pine	Grosbeak,	Pine	Marten,	Snowshoe	Hare,	and	Lynx.	Characteristic	animals	include	Boreal	
owl,	Three‐toed	woodpecker,	Gray	jay,	Pine	grosbeak,	Pine	marten,	and	Lynx.	This	landscape	
supports	White‐tailed	ptarmigan,	marmots,	pikas,	and	elk	and	is	very	important	for	numerous	rare	
plants.	It	primarily	ranges	from	approximately	10,000‐12,500	ft.	with	very	dense	stands	below	
11,000	ft.	At	around	11,500	feet	the	dense	stands	transition	into	a	patchy	mosaic	of	trees,	willows,	
wetlands,	and	mesic	and	dry	alpine	meadows	‐	the	subalpine	zone.	This	landscape	encompasses	
over	1/2	million	acres	within	the	Basin.	
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Ecological Response Models 

Ecological	response	models,	based	on	literature	review	and	expert	opinion,	describe	how	the	
landscape	operates	and	provides	a	context	for	evaluating	potential	impacts	of	different	climate	
scenarios.	Models	help	identify	outside	environmental	influences	or	drivers,	and	show	the	
relationships	among	the	main	contributing	factors	that	drive	one	or	more	of	the	direct	threats	that,	
in	turn,	impact	the	landscape.	The	purpose	of	assessing	the	model	under	three	different	climate	
scenarios	is	to	provide	a	foundation	of	scientific	understanding	and	inform	the	development	of	
robust	social‐ecological	adaptation	strategies	in	the	face	of	an	uncertain	future.		

Goal 

Broad	aspiration	or	overarching	vision	for	focal	features.	Should	be	forward	looking	rather	than	
retrospective.	

Example:	Maintain	forest	cover	of	sufficient	structural	and	compositional	complexity	that	it	can	
sustain	key	ecosystem	functions,	particularly	providing	habitat	for	forest‐dependent	songbirds	and	
other	wildlife.	

Intervention Points 

Elements	in	the	system	that	can	be	manipulated	or	influenced	through	management	and/or	
conservation	actions;	starting	points	for	developing	in‐depth	adaptation	strategies,	policies	and	
actions.	For	this	project,	interventions	were	identified	through	situation	analyses	and	chain	of	
consequences	for	the	feast	and	famine	scenario	at	the	April	2015	workshop.	Interventions	were	
then	evaluated	to	see	how	well	they	work	for	the	other	two	scenarios	at	the	November	2015	
workshop.	

Examples	for	managing	stream	flows	for	cold‐water	fish:	withdrawals,	snowpack	management	
and	riparian	vegetation	management.		

Example	for	Gunnison	sage‐grouse	identified	at	the	2009	Climate	Adaptation	Workshop	is	
groundwater	(water	table	levels)	and	vegetation	management	within	brood‐rearing	habitat.	

Linkages 

Also	known	as	corridors.	Any	space,	usually	linear	in	shape,	that	improves	the	ability	of	organisms	
to	move	among	patches	of	their	preferred	habitat.	What	serves	a	corridor	for	one	species	may	not	
serve	as	a	corridor	for	other	species.	Corridors	can	be	natural	features	of	a	landscape	or	can	be	
created	by	humans.	Connectivity	is	a	measure	of	the	ability	of	organisms	to	move	among	separate	
patches	of	suitable	habitat	and	can	be	viewed	at	various	spatial	scales	(Hilty	et	al.	2006)	

Objectives 

Specific,	measurable	aims	towards	achieving	goals.	Ideally,	defines	the	what,	when,	why	and	where.	

Examples:	By	2035,	increase	abundance	of	historically	dominate	boreal	conifers,	e.g.,	white	spruce,	
white	pine,	tamarack,	by	5	%	with	80%	confidence;	Increase	native	fish	populations	to	viable	
numbers,	restore	1200	acres	of	salt	marsh	habitat	with	90%	confidence.	
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RCP – Representative Concentration Pathway 

Representative	concentration	pathways	(RCPs)	are	climate	scenarios	implemented	in	the	IPCC	Fifth	
Assessment	Report.	Each	RCP	(2.6,	4.5,	6.0,	and	8.5)	provides	projections	of	atmospheric	
greenhouse	gas	concentrations	over	time,	based	on	assumptions	about	economic	activity,	energy	
sources,	population	growth	and	other	socio‐economic	factors.	RCPs	have	generally	replaced	the	
emissions	scenarios	(A1,	A2,	B1,	B2,	etc.)	used	in	previous	climate	projection	efforts.	

For	each	category	of	emissions,	an	RCP	contains	a	set	of	starting	values	and	the	estimated	emissions	
up	to	2100	(the	data	also	contain	historic,	real‐world	information).	While	socio‐economic	
projections	were	drawn	from	the	literature	in	order	to	develop	the	emission	pathways,	the	
database	does	not	include	socio‐economic	data.	

Refugia 

Physical	environments	that	are	less	affected	by	climate	change	than	other	areas	(e.g.,	due	to	
geographic	location)	and	are	thus	a	“refuge”	from	climate	change	for	organisms.	Protection,	
management	and	restoration	are	much	more	likely	to	succeed	if	within	a	climate	refugia.	

Resilience 

Traditionally,	resilience	refers	to	actions	designed	to	improve	the	capacity	of	a	system	to	return	to	
desired	conditions	after	disturbance,	or	to	maintain	some	level	of	functionality	in	an	altered	state.	
In	the	adaptation	literature,	resilience	is	considered	part	of	a	continuum	of	strategies,	from	
resistance,	to	resilience	and	transformation.	Recently,	the	concept	of	resilience	has	been	used	more	
expansively	to	embrace	the	potential	for	continued	functionality	and	self‐organization	in	the	
process	of	ecological	transitions.	Managing	for	resilience	can	be	considered	a	way	to	enhance	the	
natural	adaptive	capacity	of	systems	by	increasing	their	ability	to	self‐organize	in	response	to	
change	(Stein	et	al.	2014).			

The	NPS	Director’s	Order	#100	(Resource	Stewardship	for	the	21st	Century)	defines	resilience	as	
the	ability	to	anticipate,	prepare	for,	and	adapt	to	changing	conditions	and	withstand,	respond	to,	
and	recover	rapidly	from	disruptions.		Resilience	strategies	may	include	managing	for	the	
persistence	of	current	conditions,	accommodating	change,	or	managing	towards	desired	new	
conditions.		Resilience	strategies	may	vary	and	desired	conditions	must	be	clearly	identified	
(Department	of	Interior	NPS,	2016).	

Because	the	term	has	multiple	meanings,	it	is	important	to	clearly	state	the	context	in	which	it	is	
being	used,	e.g.,	resilience	of	what	(e.g.,	ecosystems,	livelihoods),	to	what	changes	(floods,	drought)	
and	how	much	of	what	kinds	of	changes	(in	structure	or	function).	

Example:	Resilience	of	North	Woods	Forests	to	negative	effects	of	warming,	drying	of	forest	
vegetation;	keep	system	a	forest,	prevent	conversion	to	shrub/grassland,	but	accept	changes	in	
composition.	

Resistance 

The	ability	of	an	organism,	population,	community,	or	ecosystem	to	withstand	a	change	or	
disturbance	without	significant	loss	of	structure	or	function.	From	a	management	perspective,	
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resistance	includes	both	(1)	the	concept	of	taking	advantage	of/boosting	the	inherent	(biological)	
degree	to	which	species	are	able	to	resist	change	and	(2)	manipulation	of	the	physical	environment	
to	counteract/resist	physical/biological	change.	

Results Chain 

A	diagram	that	depicts	the	assumed	causal	linkage	between	a	strategy	and	desired	outcomes	
needed	to	reduce	climate	impacts	(and	other	threats)	through	a	series	of	expected	intermediate	
outcomes	and	actions	(modified	from	Margoluis	2013).	Results	chains	are	important	tools	for	
helping	teams	clearly	specify	their	theory	of	change	behind	the	strategies/actions	they	are	
implementing.	Results	chains	can	help	teams	to	make	assumptions	behind	strategies/actions	and	
develop	relevant	indicators	to	monitor	and	evaluate	whether	their	actions	will	have	the	intended	
impact.	

Situation Analysis 

Identifies	specific	connections	between	people	and	nature	and	allows	exploration	and	
understanding	of	the	political,	socioeconomic,	cultural,	institutional	and	ecological	context	of	a	
landscape.	This	analysis	describes	the	current	understanding	of	a	project's	ecological	status	and	
trends,	and	the	human	context.	It	is	used	to	identify	intervention	points	for	developing	strategies.	
Methods	were	developed	by	the	Conservation	Measures	Partnership	and	used	at	the	April	2015	
climate	adaptation	workshop.	

Transformation 

The	expectation	and	acceptance	that	a	conversion	to	a	new	ecosystem	type	is	likely	to	occur,	i.e.,	a	
transformation	from	one	ecosystem	type	to	a	new	ecosystem	type.	Transformation	strategies	
support	and	facilitate	system	changes	to	an	altered	state	based	on	a	predicted	future	climate.	The	
altered	state	is	unlikely	to	support	the	climate	processes	necessary	for	regeneration	of	the	
dominant	species	for	which	the	system	is	known.	

Example:	Due	to	a	new	climate,	a	low‐elevation	sagebrush	stand	is	unlikely	to	support	sagebrush	
and	is	likely	to	transform	into	a	new	ecosystem	type	such	as	a	desert	grassland	or	a	grassland	
dominated	by	cheatgrass.		

Example:	A	low‐elevation	montane	aspen	stand	is	killed	due	to	a	drought	and	mountain	sagebrush	
moves	into	the	area,	and	the	climate	no	longer	supports	aspen	regrowth.		
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APPENDIX B. WORKSHOP PARTICIPANTS  

Participant  Organization 
January 8, 

2014 

June 23 
&/or 

November 
20, 2014 

April 23, 
2015 

February 
24, 2016 

April 14, 
2016 

Rob Addington  TNC  X  

Gay Austin  BLM  X  

Mike Babler  Consultant  X X X  X

Mike Battaglia  USFS RMRS  X  X

Kristen Barker  CPW  X  

Marcie Bidwell  MSI  X X   X

Andrew Breibart   BLM  X X 

Matt Bienkowski  USFS  X  X

Brian Brown  BLM  X  

Ian Billick  RMBL  X  

Chris Bove  NRCS  X  

Brian Brown  BLM  X   X

Nina Burkardt  USGS  X  

Esme Cadiente  MSI  X  

Matt Castle  USFS  X  

Katie Clifford  CU  X  

Casey Cooley   CPW    X

Jim Cochran 
Gunnison 
County 

X
     

Jonathan Coop  WSCU  X X 

Trevor Even   NCCSC    X

Karin Decker  CNHP  X  

Gretchen 
Fitzgerald 

USFS    X  X 

Robert Frank  WSCU    X

John Gioia   WSCU  X   X

Lee Grunau  CNHP    X

Jonathan Houck 
Gunnison 
County 

X    X 

Carol Howe  USFS  X X X  X

Merrill Kaufmann   Consultant  X X X 

Corrie Knapp   WSCU    X

Paula Lehr  Private X  

Paige Lewis  TNC  X  

Frank Kugel  UGRWCD    X

Kristen Ludwig  USGS  X  

Shannon 
McNeeley 

NCCSC 
X

    X 

Pat Magee  WSCU  X  
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Participant  Organization 
January 8, 

2014 

June 23 
&/or 

November 
20, 2014 

April 23, 
2015 

February 
24, 2016 

April 14, 
2016 

Susan Marketi  USFS FHP  X  

Pat Medina  USFS  X  

Wendi Maez 
Saguache 
County 

    X 

Sarah Miller  USFS  X  

Jeff Morisette  NCCSC  X  

John Murphy  USFS  X   X

Julia Nave  WSCU    X

Betsy Neely  TNC  X X X X  X

Johanna Nosal  USFS  X X   X

Sam Pankrantz   CSFS  X   X

Chris Parmeter  CPW    X

Suzie Parker  USFS  X  

Hedda Peterson  CRLT    X

Imtiaz Rangwala  WWA, NOAA  X X X 

Jim Ramirez   USFS  X   X

Bruce 
Rittenhouse 

BLM      X 

Renée Rondeau   CNHP  X X X X  X

Trey Schille   USFS  X   X

Terri Schulz  TNC  X X X 

Rudy Schuster  USGS  X  

Amy Seglund   CPW  X X X 

Nathan Seward  CPW  X  

George Sibley  UGRWCD  X  

Jason Sibold  CSU  X 

Clay Speas  USFS  X X  X

Brian St. George  BLM  X  

Sam Stahley   USFS  X  

Ken Stahlnecker  NPS  X  

Rebecca Stern  WSCU    X

Brian Stevens   BLM  X  X

Teresa Stoepler  USGS  X  

Bill Travis  CU  X  

Michael Waldon  USFS  X  

Chris Wehrli   USFS    X

Matt Vasquez  USFS  X X X  X

J Wenum   CPW    X

Jim Worrall  USFS FHP  X X X 

Laurie Yung  UM  X  
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List	of	abbreviations	used	to	indicate	participant	agency	affiliation	

BLM	 	 Bureau	of	Land	Management	
CBLT	 	 Crested	Butte	Land	Trust	
CNHP	 	 Colorado	Natural	Heritage	Program	
CPW	 	 Colorado	Parks	and	Wildlife	
CSFS	 	 Colorado	State	Forest	Service	
CSU	 	 Colorado	State	University	
CU	 	 University	of	Colorado	
FHP	 	 Forest	Health	Protection	
MSI	 	 Mountain	Studies	Institute	
NCCSC	 	 North	Central	Climate	Science	Center	
NOAA	 	 National	Oceanic	and	Atmospheric	Administration	
RMBL	 	 Rocky	Mountain	Biological	Laboratory	
TNC	 	 The	Nature	Conservancy	
UGRWCD	 Upper	Gunnison	River	Water	Conservancy	District	
USFS	 	 US	Forest	Service	
USFS	RMRS		 US	Forest	Service	Rocky	Mountain	Research	Station	
USGS	 	 US	Geological	Survey	
UM	 	 University	of	Montana	
WSCU	 	 Western	State	Colorado	University	
WWA	 	 Western	Water	Assessment	
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APPENDIX C. CLIMATE SCENARIOS 

Figure C‐1. Models selected for the three climate scenarios used in the project. 
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Table C‐1. Three Climate Scenarios for the Gunnison Basin Region by 2035. The following summary was compiled from three climate scenarios and a review of 

literature. The Hot and Dry scenario is from hadgem2‐es.1.rcp85; the Moderately Hot and No Change in Precipitation is from cesm1‐bgc.1.rcp85; and the 

Warm and Wet is from cnrm‐cm5.1.rcp45. Imtiaz Rangwala, Western Water Assessment and NOAA. 

  Hot/Dry  
Moderately Hot/No Change in 

Precipitation 
Warm/Wet 

Temperature 

Annual temperature increases by 5°F; At 
lower elevations: summer days with 
temperature above 77°F (25°C) increases by 1 
month, and nights with temperature above 
68°F = 10 

Annual temperature increases by 3°F; At lower 
elevations: summer days with temperature 
above 77°F (25C) increases by 2 weeks, and 
nights with temperature above 68°F = 20 

Annual temperature increases by 2°F; At 
lower elevations: summer days with 
temperature above 77°F (25°C) increases 
by 1 week 

Precipitation 

Annual precipitation decreases by 10%; less 
frequent and more intense individual rain 
events; summer monsoon rains decrease by 
20% 

Annual precipitation does not change but much 
greater fluctuations year to year (leading to 
more frequent feast or famine conditions); El 
Nino of 1982/83 strength occurs every 7 years 

Annual precipitation increases by 10%; 
more intense individual rain events; 
summer monsoon rains increase by 10% 

Runoff 
Runoff decreases by 20% and peak runoff 
occurs 3 weeks earlier 

Runoff decreases by 10% and peak runoff 
occurs 2 weeks earlier 

Runoff volume does not change but peak 
runoff earlier by 1 week 

Heat Wave 
Severe and long lasting; every summer is 
warmer compared to 2002 or 2012 (5°F above 
normal) 

Hot summers like 2002 and 2012 occur once 
every 3 years 

Hot summers like 2002 and 2012 occur 
once every decade 

Drought 
More frequent drought years like 2002/2012 ‐ 
every 5 years 

Drought years like 2002/2012 occur once every 
decade 

No change in frequency but moderate 
increases in intensity; fewer cases of 
multi‐year drought 

Snowline  Snowline moves up by 1200ft  Snowline moves up by 900ft  Snowline moves up by 600ft 

Wildfire 
Fire season widens by 1 month; greater fire 
frequency (12x) and extent (16x) in high 
elevation forest 

Fire risk during dry years is very high at all 
elevations b/c of large fuel build up from wet 
years; on average fire frequency increases 8x, 
and area burnt increases 11x 

Increases in fire frequency (4x) and extent 
(6x) 

Dust Storms 
Extreme spring dust events like 2009 every 
other year; causing snowmelt and peak runoff 
to be six weeks earlier 

Frequency of extreme dust events increases 
from current but tied to extreme dry years 

Same as current 

Growing Season  Increases by 3 weeks  Increases by 2 weeks  Increases by 1 week 
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Three Climate Scenarios for the Southwest Colorado by 2035: Summary & Hard Numbers 

Hot	and	Dry	
 Sustained	and	longer	duration	drought:	2002‐like	drought	occurs	every	5	years
 Chronic	summer‐time	dry	conditions:	Summer	monsoons	are	significantly	reduced	(‐20%)	
 Chronic	summer	time	heat	waves:	Every	summer	warmer	compared	to	2002	(5oF	above	normal)	

Warm	and	Wet	
 Water	availability	does	not	change	but	climate	is	warmer
 Timing	of	snowmelt,	streamflow,	growing	season	change	but	more	moderate	compared	to	other	scenarios	
 Chronic	flood	risks	because	of	increases	in	moisture	and	more	heavy	precipitation	events	

Feast	and	Famine	
 No	long‐term	droughts	but	more	frequent	and	intermittent	severe‐drought	conditions	(2002	drought	once	every	decade)	
 Large	year‐to‐year	fluctuations	that	go	from	“hot	and	dry”	to	“warm	and	wet”	conditions	
 Doubling	in	the	frequency	of	alternating	extreme	dry	and	wet	conditions	relative	to	present	

 

 

	 Hot and Dry  Warm and Wet  Feast and Famine 
Annual temperature increase (F)  5   >2  2.9 

Winter temperature increase (F)  4.1   3.5   3.3 

Spring temperature increase (F)  3.8   2.3  2.2 

Summer temperature increase (F)  6   2.8  3.4 

Fall temperature increase (F)  5.3  2.1  2.9 

Annual precipitation (%)  decrease 10%  increase 10% 
no change but large year to year 

variation 

Winter precipitation (%)  19  13  6 

Spring precipitation (%)  ‐9  6  0 

Summer precipitation (%)  ‐19  8  3 

Fall precipitation (%)  ‐15  10  ‐9 

Freezing level  shifts up by 1200 ft  shifts up by 600 ft  shifts up by 900 ft 

Runoff  > 20% decrease  stays the same as baseline  10% decrease 

Timing of peak runoff  earlier by 3 weeks  earlier by 1 week  earlier by 2 weeks 

Summer monsoon  decrease by 20%  increase by 10%  large year to year fluctuation 

Summer like 2002  every summer  every 10 years  every 3 years 

Severe drought duration  1‐5 years  1 year  1‐2 years 

2002/2012 Drought  every 5th year  every 15th year  every 10th year 

Strong El Nino return frequency  no change  no change  doubles 
(Source:	Imtiaz	Rangwala,	Western	Water	Assessment	&	NOAA	PSD,	Boulder;	Renee	Rondeau,	Colorado	Natural	Heritage	Program
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Seasonal Temperature and Precipitation Graphs 

Winter 
 mean temperature 
 avg minimum temperature  
 avg maximum temperature  
 mean precipitation 

 
Summer 

 mean temperature 
 avg minimum temperature  
 avg maximum temperature  
 mean precipitation 

 
 
Annual 

 mean temperature 
 avg minimum temperature  
 avg maximum temperature  
 mean precipitation 

 
Growing season length 
Rainy days (>trace)  
Rainy days (>20m) 
Max # consecutive dry days 
Warm spell duration 
# Tropical nights (>68F) 
# Tropical nights (>68F) low elevation regions 
Summer days >77 F low elev 
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Difference in winter (Dec‐Jan‐Feb) temperatures compared to 1971‐2000 normals. 
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Difference in summer (Jun‐Jul‐Aug) temperatures compared to 1971‐2000 normals. 
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Difference in winter (Dec‐Jan‐Feb) and summer (Jun‐Jul‐Aug) precipitation compared to 1971‐2000 normals.
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APPENDIX D: THREE NARRATIVE SCENARIOS 

Scenario 1: Hot and Dry 

In	this	scenario	annual	temperature	increases	approximately	50	F	by	2035.	To	put	that	in	
perspective,	Gunnison’s	temperature	becomes	similar	to	the	current	climate	of	Ridgeway,	CO.	By	
2035,	every	summer	will	be	warmer	than	2002	and	2012	–	years	when	we	experienced	excessive	
heat	waves.	At	elevations	below	7,000	feet,	for	at	least	two	weeks	during	the	summer,	nighttime	
lows	will	not	dip	below	680	F	(a	typical	tropical	night),	and	summer	will	expand	by	a	month.	Annual	
precipitation	will	decline	by	10%,	and	the	combined	effect	of	warming	and	lower	precipitation	will	
result	in	nearly	45%	decrease	in	annual	runoff.	There	will	be	a	large	increase	in	the	frequency	of	
extreme	drought	years.	Roughly	every	fifth	year,	we	experience	droughts	similar	to	2002	and	2012	
(in	these	years,	precipitation	was	40%	below	average).			

Fire:	Not	every	year	will	be	an	exceptional	fire	season	but	average	fire	frequency,	intensity,	and	size	
will	increase.	The	average	fire	season	will	lengthen	by	one	month	and	the	average	fire	frequency	
will	increase	up	to	12	times	while	the	total	area	burned	in	any	given	year	will	increase	16	times1.	
The	largest	burns	will	be	in	coniferous	forests,	including	spruce‐fir,	lodgepole	pine,	mixed‐conifer,	
and	ponderosa	pine.	Once	burned,	these	areas	are	likely	to	transform	into	aspen,	shrublands,	or	
grasslands.	The	growing	season	will	increase	by	three	weeks,	however,	with	less	precipitation	the	
understory	herbaceous	growth	(fine	fuels)	will	decrease	which	may	reduce	fire	risk	in	the	
sagebrush.		If	a	fire	occurs	in	the	lower	elevation	sagebrush	zone	the	site	will	transform	into	
grassland	or	rabbitbrush/grassland	rather	than	return	to	a	sagebrush	system.	There	is	a	good	
chance	that	the	“new”	grassland	will	be	dominated	by	cheatgrass.	Note	that	sagebrush	requires	at	
least	7.5	inches	of	annual	precipitation,	and	the	large	water	stress	in	this	scenario	will	make	it	
difficult	for	the	low	elevation	sagebrush	to	regenerate.		

Drought:	In	this	scenario,	Gunnison’s	annual	precipitation	declines	and	becomes	similar	to	the	
current	precipitation	of	Del	Norte2.	Spring	snowpack	will	decline	by	10%	and	spring	temperatures	
will	increase	by	40	F.	This	combination	of	a	reduced	snowpack	and	warmer	spring	temperatures	
will	reduce	the	available	water	during	the	growing	season.	Trees	and	shrubs	(especially	sagebrush)	
rely	on	winter	and	spring	snows.	The	snowpack	allows	for	deep	soils	to	remain	moist	during	the	
growing	season,	therefore	a	reduced	snowpack	associated	with	a	warmer	and	drier	spring	will	
negatively	impact	vegetation	with	deep	roots	(most	trees	and	shrubs).	Summer	precipitation	will	
decrease	by	20%	and	have	a	large	negative	impact	on	vegetation,	especially	shallow	rooted	plants	
(mostly	grasses	and	forbs).	Snowline	shifts	up	by	1200	feet	and	could	impact	the	lower	elevations	
of	the	Crested	Butte	ski	resort.	In	addition,	the	average	timing	of	snowmelt	will	shift	a	full	three	
weeks	earlier	from	temperature	increases	and	more	frequent	dust‐on‐snow	events	(which	will	
occur	every	year).	Higher	than	average	peak	spring	flows	followed	by	lower	summer	flows	will	
reduce	the	amount	of	water	available	for	fish,	riparian	vegetation,	migratory	birds,	and	grazing	
animals,	especially	during	summer.	Endangered	fish	would	most	likely	suffer	from	lower	in‐stream	
flow	and	increased	stream	temperature.	Less	precipitation	in	winter	and	summer	will	significantly	
decrease	surface	water	and	shallow	ground	water.	Seeps,	springs,	and	mesic	meadows	associated	
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with	shallow	groundwater	will	decline	and	species	composition	will	be	greatly	altered.	We	will	
likely	see	a	shrub	invasion	into	mesic	meadows	and	a	decline	in	nearby	aspen	stands.		

Insects:	Tree	mortality	due	to	insect	and	disease	outbreaks	will	greatly	increase	with	a	hot	and	dry	
climate,	more	so	than	in	any	other	scenario.	The	current	spruce‐bark	beetle	infestation	will	likely	
expand	and	cause	significant	mortality	in	the	mature	trees3.		Species	that	rely	on	mature	spruce‐fir	
forests,	such	as	Lynx,	Boreal	owl,	Snowshoe	hare,	and	Pine	marten,	will	decline	due	to	lack	of	food	
and	shelter.	Aspen	trees	at	lower	elevations	will	experience	die‐back	associated	with	increased	
temperatures	and	decreased	soil	moisture.	However,	aspen	stands	at	upper	elevations	may	
increase	as	coniferous	trees	decline	due	to	fire	and	beetle	kill.		

Scenario 2: Warm and Wet 

In	this	scenario,	annual	temperature	increases	20	F	by	2035.	To	put	this	in	perspective,	
temperatures	in	Gunnison	will	resemble	current	temperatures	in	Cimarron.	Summer	will	expand	by	
a	week.	Annual	precipitation	will	increase	by	10%	(in	terms	of	soil	moisture	and	stream	flows	a	5%	
increase	in	precipitation	is	needed	to	offset	a	20	F	increase	in	temperature	with	its	associated	
higher	rate	of	evapotranspiration).	Drought	years,	such	as	2002,	will	occur	every	15th	year,	similar	
to	today’s	frequency.	However,	the	intensity	and	severity	of	droughts	will	increase	because	of	
higher	temperatures.		

Change:	While	the	water	stress	from	20	F	temperature	increase	will	be	offset	by	a	10%	increase	in	
precipitation,	ecosystems	will	change	in	measurable	ways.	For	example,	the	ratio	of	warm	season	to	
cool	season	grasses	will	change,	and	we	could	see	declines	in	western	wheat	grass,	needle	and	
thread	grass,	while	blue	grama	and	galleta	grass	expand.	The	snowline	will	shift	upwards	by	600	
feet.	As	a	result,	the	current	vegetation	in	the	8,500‐9,000	feet	elevation	band	will	begin	to	shift	
from	mixed	conifer	or	aspen	to	ponderosa	pine.	Due	to	increased	precipitation,	overall	runoff	will	
increase	by	10%,	while	warmer	temperatures	mean	that	peak	runoff	will	occur	a	week	earlier.	In	
this	scenario,	heat	waves	similar	to	2002	(50	F	above	normal)	will	occur	once	every	decade.	Fire	
risk	in	this	scenario	is	the	lowest	of	any	scenario	but	fires	will	be	present,	and	intermittent	dry	
conditions	may	cause	severe	fire	hazards	because	of	high	fuel	loads.	These	high	fuel	loads	are	a	
result	of	increased	winter,	spring,	and	summer	precipitation	producing	more	foliage.	A	20	F	
increase	in	temperature	will	increase	the	fire	frequency	up	to	4	times	and	the	annual	area	burned	
by	6	times1.		

Weeds:	We	will	have	greater	than	normal	winter	snowpack	above	10,000	feet	and	spring,	summer,	
and	fall	precipitation	will	increase	at	all	elevations.	The	increase	in	year‐round	moisture	coupled	
with	a	moderate	increase	in	temperature	will	promote	invasive	species	(more	so	than	any	other	
scenario).	Current	invasive	species	such	as	leafy	spurge,	knapweed,	and	yellow	toadflax	will	expand	
into	low	to	montane	elevations	and	new	invasive	species	such	as	Japanese	brome	or	purple	
loosestrife	will	likely	move	into	the	area.	Rangelands	will	become	degraded	by	invasives,	and	
knapweeds	and	leafy	spurge	expand	into	rangelands	that	have	never	had	a	serious	weed	problem.	
Further,	invasive	species	will	out‐compete	the	native	vegetation	and	create	a	high	density	of	fine	
fuels	for	fires,	especially	at	the	lower	elevations.		
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Water:	We	will	still	experience	droughts;	however,	they	will	be	less	frequent	than	in	the	other	
scenarios.	Disease	and	insect	outbreaks	are	expected	to	be	lower	than	the	other	scenarios,	however,	
insect	outbreaks	will	still	increase,	as	the	droughts	that	do	occur	will	be	more	intense	than	the	
droughts	experienced	during	the	20th	century.	When	we	do	experience	a	beetle	outbreak,	the	
recovery	time	may	be	quicker	than	in	the	other	scenarios.	Seeps,	springs,	and	other	groundwater	
dependent	wetlands	will	increase	or	experience	very	little	change.	There	will	be	some	drought	
years	that	impact	low	elevation	wetlands,	but	for	the	most	part,	wetlands	will	benefit	from	the	
years	of	increased	annual	precipitation.		Higher	elevation	wetlands	will	do	exceptionally	well	and	
possibly	expand	due	to	the	greater	snowpack	above	10,000	feet.	Higher	soil	moisture	will	likely	
eliminate	or	reduce	invasive	species	in	wetlands.		

Scenario 3: Feast or Famine 

In	this	scenario,	annual	temperature	will	increase	approximately	30	F	by	2035.	To	put	that	in	
perspective,	Crested	Butte’s	temperature	will	be	similar	to	the	current	temperature	of	Lake	City.	
Average	annual	precipitation	does	not	change;	however,	we	will	experience	larger	year	to	year	
fluctuations	in	precipitation,	with	some	very	wet	years	and	some	intense	drought	years,	as	
compared	to	our	current	climate.	Winter	precipitation	will	increase,	but	precipitation	will	decline	in	
the	other	seasons.	When	droughts	occur,	they	will	be	more	intense	than	present	but	generally	less	
than	two	years	long.	Once	every	decade	we	will	experience	a	drought	similar	to	the	2002	and	2012	
droughts	(years	when	precipitation	was	40%	below	average).			

Feast:	The	growing	season	will	expand	by	2	weeks	and	during	wet	years	vegetation	growth	will	be	
exceptional	with	trees,	shrubs,	and	ground	cover	greatly	increasing.	The	frequency	of	severe	El	
Nino	and	La	Nina	events	will	double	to	an	average	of	once	every	seven	years.	We	experienced	
severe	El	Nino	years	in	this	region	in	1982/83	and	1997/98	with	annual	precipitation	at	roughly	
20%	above	average.	Invasive	species	will	do	well	under	El	Nino	conditions	but	decline	in	La	Nina	
conditions	(drought	years).	The	annual	fire	risk	is	lower	in	this	scenario	than	the	hot	and	dry	
scenario.	Large	fluctuations	between	wet	and	dry	years	will	increase	fuel	growth	during	wet	years.	
This	means	that	when	a	fire	does	occur,	the	severity,	intensity,	and	size	could	be	very	high,	and	in	a	
bad	fire	year	the	average	fire	frequency	will	increase	up	to	8	times	and	the	area	burned	will	
increase	11	times1.	Year	to	year,	summer	monsoons	will	be	more	variable	than	they	are	currently.	
Large	spring	floods	will	be	more	likely	as	earlier	rain	on	snow	events	will	cause	abrupt	snowmelt.	
Dust‐on‐snow	events,	coupled	with	warmer	spring	temperatures,	will	also	increase	the	chance	of	
spring	flooding,	especially	during	El	Nino	years.	The	largest	flooding	events	will	generally	occur	
from	heavy	monsoon	precipitation.	During	these	floods,	there	will	be	severe	erosion	in	small	
streams	as	water	runs	over	banks	and	culverts.		

Famine:	Intense	droughts	will	more	frequently	follow	extreme	wet	years.	Bark	beetles	will	expand	
during	these	drought	years,	causing	extensive	conifer	mortality.	The	difference	between	this	
scenario	and	the	hot	and	dry	scenario	is	that	multi‐year	droughts	will	be	less	likely	in	this	scenario,	
so	bark	beetle	dieback	may	not	be	as	severe	as	in	the	hot	and	dry	scenario.	It	is	important	to	note	
that	most	conifer	forests	can	regenerate	more	easily	following	beetle	outbreaks	than	fires	because	
bark	beetles	do	not	kill	the	young	trees.	However,	insect	kill	in	mature	trees	will	diminish	seed	
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production.	This	reduction	in	seed	crop	will	hurt	the	animals	that	rely	on	conifer	seeds.	In	the	event	
that	a	fire	occurs	after	a	beetle	outbreak,	tree	regeneration	is	nearly	impossible	due	to	a	lack	of	a	
nearby	seed	source	and	nurse	plants.	The	large	fires	associated	with	drought	years	will	result	in	
younger	forests,	more	open	structure,	more	early	successional	species,	and	more	invasive	species.	
Large	landscape	scale	disturbances,	such	as	fire	and	insect	outbreaks,	will	fragment	coniferous	
forests	and	negatively	impact	Lynx,	Snowshoe	hares,	Pine	martens,	and	other	species	that	rely	on	
large	intact	functioning	forests,	while	possibly	being	a	benefit	to	those	species	that	prosper	from	a	
more	open	forest	canopy.	

Seeps,	springs,	and	other	groundwater	dependent	wetlands	will	experience	a	moderate	decline,	
especially	below	8,500	feet,	where	spring	precipitation	will	fall	as	rain	rather	than	snow.	Increased	
evapotranspiration,	driven	by	higher	temperatures,	will	reduce	soil	moisture	and	streamflow.	
Consequently,	species	that	can	handle	drier	soil	conditions,	for	example	sagebrush,	shrubby	
cinquefoil,	and	rabbitbrush	will	flourish;	invasive	species	such	as	cheatgrass	and	knapweed	will	
likely	increase,	especially	at	the	lower	elevations.		Juniper	establishment	in	the	sagebrush	is	likely	
during	wet	years	that	follow	a	drought	year.	
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APPENDIX E. SPRUCE BEETLE ACTIVITY MAP 

	
US	Forest	Service,	Aerial	Detection	Survey	http://www.fs.usda.gov/Internet/FSE_DOCUMENTS/fseprd489945.pdf	
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APPENDIX F. BIO‐CLIMATIC ZONES 

The	maps	presented	below	were	provided	by	James	Worrall,	US	Forest	Service,	and	represent	
projected	bio‐climatic	change	zones	for	Engelmann	spruce	(Picea	engelmannii)	and	subalpine	fir	
(Abies	lasiocarpa).	Note	that	the	target	period	for	these	projections	is	2060,	i.e.	later	than	the	period	
used	in	other	work	for	this	project.		
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Figure F‐1. Engelmann spruce Hot and Dry Scenario 
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Figure F‐2. Subalpine fir Hot and Dry Scenario 
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Figure F‐3. Engelmann spruce Moderately Hot 
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Figure F‐4. Subalpine fir Moderately Hot 
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Figure F‐5. Engelmann spruce Warm and Wet 
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Figure F‐6. Subalpine fir Warm and Wet 
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APPENDIX G. ECOLOGICAL RESPONSE MODELS 

	

Figure G‐1. Reference condition model for spruce‐fir landscape 
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Figure G‐2. Ecological response model for the sf landscape under the hot and dry scenario 
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Figure G‐3. Ecological response model for the sf landscape under the moderately hot (feast or famine) scenario   
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Figure G‐4. Ecological response model for the sf landscape under the warm and wet scenario 
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APPENDIX H. SOCIAL SCIENCE INTERVIEW AND FOCUS GROUP 

REPORTS 
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Final Interview Report 
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Final Focus Group Report 
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APPENDIX I. SOCIAL ECOLOGICAL RESPONSE MODELS METHODS 

OVERVIEW 

Situation Analysis and Diagram: Methods Overview 

Background 

A	Situation	Analysis	assesses	the	important	ecological,	socioeconomic	or	political	factors	and	trends	
affecting	the	ability	to	meet	management	and	conservation	goals.	These	factors	may	act	as	
constraints	or	provide	opportunities	for	making	progress	toward	goals.	Key	factors	include	direct	
and	indirect	threats,	opportunities	and	enabling	conditions.	

The	analysis	describes	the	current	understanding	of	a	project's	ecological	status	and	trends,	and	the	
human	context.	A	clear	understanding	of	what	is	happening	within	a	large‐scale	landscape	is	critical	
for	developing	strategies	that	make	sense	for	the	specific	conditions.	

A	Situation	Analysis	probes	the	root	causes	of	critical	threats,	degraded	species	and	vegetation,	and	
other	values	to	make	explicit	the	contributing	factors	—	the	indirect	threats,	key	actors	and	
opportunities	that	enable	successful	action.	By	understanding	the	biological	and	human	context,	the	
team	can	develop	appropriate	goals	and	objectives,	identify	intervention	points,	and	design	
adaptation	strategies.		

A	Situation	Analysis	answers:	

 What	factors,	positive	and	negative,	affect	our	conservation	targets	and	ability	to	achieve	
our	goals?	

 Who	are	the	key	stakeholders	linked	to	each	of	these	factors	and	what	motivates	each	of	
them?	

 What	ecosystem	services	and	human	wellbeing	targets	(livelihoods)	are	provided	by	the	
landscape	

 How	will	the	targets,	factors,	and	ecosystem	services	be	affected	by	climate	change?	

The	process	of	creating	a	Situation	Analysis	helps	us:	

 Articulate	and	test	the	logic	of	our	thinking	

 Identify	the	most	critical	factors	that	cause	threats		

 Summarize	compelling	evidence	concerning	trends	in	these	factors		

 Highlight	key	stakeholders	and	opportunities	

 Focus	on	what	is	most	important	
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 Identify	intervention	points	for	developing	the	most	appropriate	strategy	

A	common	understanding	can	bring	together:	

 Different	visions	of	what	will	be	accomplished	through	conservation	work	

 Different	perspective	of	the	project’s	context	

 Disparate	knowledge	and	understanding	of	trends	in	socioeconomic,	political	and	ecological	
factors		

 A	wide	variety	of	assumptions	about	these	trends	and	what	is	most	important	to	address	

 A	range	of	perspectives	about	leverage	opportunities		

 Multiple	definitions	or	uses	for	the	same	term	

Method 

1. Diagram	the	current	condition	of	the	system	describing	the	socioeconomic,	political	and	
ecological	factors	

2. Add	in	the	climate	change	scenario	and	determine	whether	any	additional	factors	need	to	
be	added.	Discuss	whether	any	of	the	existing	factors	significantly	increase	or	decrease	with	
the	climate	change	scenario	in	mind.	

3. Identification	of	intervention	points.	Where	is	action	needed?	

4. Identification	of	the	high	level	strategies	that	are	needed	at	the	intervention	points.	

A	Situation	Diagram	is	a	box	and	arrow	model	that	shows	the	linkages	between	the	conservation	
values,	threats,	and	other	factors.	By	creating	a	diagram,	intervention	points	become	clear.	
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Example 

Developed	for	Gunnison	sage‐grouse	at	the	Gunnison	Basin	Climate	Change	Adaptation	Workshop	
for	Natural	Resources	Managers	held	in	2009.	

	

Additional	resources	and	information	about	the	Situation	Diagram	process	can	be	found	at	the	
website	below:	

Conservation	Measures	Partnership.	2013.	Open	Standards	for	the	Practice	of	Conservation	Version	
3.0.	http://www.conservationmeasures.org/wp‐content/uploads/2013/05/CMP‐OS‐V3‐0‐Final.pdf		

Gunnison	Basin	Climate	Change	Adaptation	Workshop	for	Natural	Resource	Managers	(2010)	
http://www.conservationgateway.org/ConservationByGeography/NorthAmerica/UnitedStates/Co
lorado/science/climate/gunnison/Pages/Climate‐Change‐Adaptation‐Workshop‐for‐Natural‐
Resource‐Managers‐in‐the‐Gunnison‐Basin.aspx).	
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Chain of Consequences: Method Overview 

Background 

Established	by	Secretarial	Order	3188	in	2012,	the	Department	of	the	Interior	(DOI)	Strategic	
Sciences	Group1	(SSG)	provides	the	DOI	with	the	capacity	to	rapidly	assemble	teams	of	experts	to	
conduct	science‐based	assessments	of	environmental	crises	affecting	DOI	resources,	and	provide	
results	to	leadership	as	usable	knowledge.	To	do	this,	SSG	“crisis	science	teams”	effectively	act	as	
“pop‐up	think	tanks”	to	identify	the	potential	short‐	and	long‐term	environmental,	social,	and	
economic	cascading	consequences	of	the	crisis,	and	determine	intervention	points.		

Method2 

Through	facilitated	discussion,	the	team	of	experts	builds	Chains	of	Consequences.	This	process	is	
used	by	the	SSG	and	was	developed	by	its	predecessor,	the	DOI	Strategic	Sciences	Working	Group	in	
2010.	The	process	involves	four	main	steps:		

1) Establish	the	scope	(ecological	and	geographic	area	of	interest,	focal	time	period)	and	define	
assumptions.	

2) Develop	detailed	Chains	of	Consequences	that	illustrate	important	cascading	effects	on	the	
coupled	natural‐human	system.		

3) For	each	element	in	a	chain,	assign	a	level	of	scientific	uncertainty	(see	example	below).	

4) Identify	potential	interventions	at	points	in	the	chain	at	which	scientists,	policy	makers,	and	
others	might	take	specific	actions	to	significantly	alter	the	outcomes	of	the	cascade.	

Example3 

Chains	of	Consequences	developed	by	the	SSG	Hurricane	Sandy	crisis	science	team	determined	that	
overwash	and	breaches	of	barrier	islands	were	certain	to	occur	as	a	result	of	the	storm	(assigned	an	
uncertainty	value	of	5),	leading	to	advance	of	bay	shoreline	(beach	growth	as	a	result	of	sand	
redeposition	following	the	storm;	assigned	a	value	of	5),	and	to	the	probable	creation	of	new	
habitat	(assigned	a	value	of	3).	This	information	was	used	to	develop	interventions	such	as	mapping	
and	measuring	the	protection	services	of	key	ecosystems	such	as	dunes	and	wetlands).	
Interventions	were	delivered	to	decision‐makers	during	briefings	and	in	the	final	SSG	Hurricane	
Sandy	report.	

																																																													
1	For	more	information	on	the	Department	of	the	Interior	Strategic	Sciences	Group,	please	see	
www.doi.gov/strategicsciences	
 
2	Department	of	the	Interior	Strategic	Sciences	Working	Group,	2012,	Mississippi	Canyon	252/Deepwater	
Horizon	Oil	Spill	Progress	Report	Department	of	the	Interior,	Washington,	D.C.,	58	p.	Available	online	at:	
http://www.doi.gov/strategicsciences/publications/index.cfm	
 
3	Stoepler,	T.	and	Ludwig,	K.	2015.	Strategic	science:	new	frameworks	to	bring	scientific	expertise	to	
environmental	disaster	response.	Limnology	&	Oceanography	Bulletin.	
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Figure I‐1. Example Chains of Consequences developed by the SSG Hurricane Sandy crisis science team: Changes in 
coastal geomorphology as a result of Hurricane Sandy. Credit: Department of the Interior, 2013. 
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APPENDIX J. SITUATION ANALYSIS DIAGRAMS 

In	the	following	diagrams,	the	conservation	target	components	of	each	landscape	are	shown	as	
ovals	within	a	green	box.	Direct	threats	or	impact	categories	are	represented	as	pink	rectangles,	
and	are	influenced	by	a	variety	of	factors	shown	as	orange	rectangles.	Strategies	or	interventions	
are	represented	as	yellow	hexagons.	The	eventual	“human	wellbeing”	targets	are	depicted	as	ovals	
grouped	within	a	brown	box.		
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Figure J‐1. Situation Analysis for Spruce‐Fir (Group 1) 
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Figure J‐2. Situation Analysis for Spruce‐Fir Landscape (Group 2)
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APPENDIX K. CHAIN OF CONSEQUENCES  

The	following	Chains	of	Consequence	were	developed	by	participants	at	a	workshop	in	Gunnison	on	
April	23,	2015.	The	four	diagrams	illustrate	important	cascading	effects	of	severe	wildfire	and	
insect	outbreaks	on	the	coupled	natural‐human	spruce‐fir	system	for	the	Feast	and	Famine	Climate	
Scenario.	The	green	boxes	indicate	ecological	consequences,	the	yellow	boxes	indicate	social‐
economic	consequences,	and	the	numbers	on	the	arrows	indicate	interventions	(see	list	of	potential	
interventions	in	the	lower	left	corner).	
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Note:	This	Appendix	is	formatted	to	print	on	11’’	x	17’’	paper.	

Figure K‐1. Spruce‐Fir Landscape, Wildfire, AM group. 
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Figure K‐2. Spruce‐Fir Landscape, Wildfire, PM group. 
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Figure K‐3. Spruce‐Fir Landscape, Insect Outbreak, AM group 
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Figure K‐4. Spruce‐Fir Landscape, Insect outbreak, PM group. 
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APPENDIX L. IMPACTS AND ACTIONS (INTERVENTIONS) ASSOCIATED 

WITH THREE CLIMATE ADAPTATION STRATEGIES  

The	following	tables	(1‐3)	summarize	the	impacts	and	actions	associated	with	the	three	strategies	
that	we	focused	on	during	our	February,	2016	adaptation	workshop	and	were	the	focus	of	the	final	
workshop	in	April,	2016.			

Table L‐1. Impacts and actions identified for the “Identify and Protect Persistent Areas” strategy 

Impact  Action  Strategy 

Forest mortality  Identify and protect spruce‐fir refugia  Identify and protect refugia 

Loss of old growth  Identify and protect spruce‐fir refugia  Identify and protect refugia 

Increased wildfire risk  Identify and protect spruce‐fir refugia  Identify and protect refugia 

 

Table L‐2. Impacts and actions identified for the “Proactive Treatment for Resilience” strategy 

Impact  Action  Strategy 

Severe wildfire 
Plant tree species of spruce‐fire genotypes 
that are drought resistant 

Proactive treatment for forest 
resilience 

Forest mortality/insects 
Forest management: Proactively use beetle 
pheromones and traps before outbreaks 
start; especially for blow down areas 

Proactive treatment for forest 
resilience 

Forest mortality 
Forest management: Protect young trees for 
future forests while salvage logging 

Proactive treatment for forest 
resilience 

Lack of knowledge: 
disconnect between 
research and management 

Increase integration between research and 
decision making 

Proactive treatment for forest 
resilience 

Impact on human safety, 
life and property 

Use best available science for salvage logging 
Proactive treatment for forest 
resilience 

Altered succession 
Improve forest condition through adaptive 
management & flexibility in new USFS plan 
revision and BLM RMP 

Proactive treatment for forest 
resilience 

Beetle/Insects 
Prioritize actions and NEPA approval review 
to prevent beetle outbreak 

Proactive treatment for forest 
resilience 

Forest mortality 
Forest management: Manage age structure 
(use existing roads) 

Proactive treatment for forest 
resilience 

Forest mortality/insects 

Forest management: Improve condition and 
resilience of spruce‐fir landscape (decrease 
basal area, increase size and age class 
diversity) e.g., plant trees and reforest areas 
with low regeneration to increase diversity of 
age classes and species diversity, to prevent 

Proactive treatment for forest 
resilience 
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Impact  Action  Strategy 

beetle outbreaks and reduce magnitude/loss 
of forest cover 

Forest mortality 
Forest management: Proactively manage 
forest regeneration, reintroduce fire and 
plants 

Proactive treatment for forest 
resilience 

Increased fire risk 

Create a market for salvage logging products 
and biomass, e.g., wood straw as mulch, to 
reduce economic loss and reduce fuel on 
ground. 

Proactive treatment for forest 
resilience 

Forest mortality  Identify and protect spruce‐fir refugia Identify and protect refugia

Severe wildfire causing loss 
of spruce‐fir forests 

Forest management: Expand transformation 
to aspen at lower elevations, encourage 
aspen/mixed conifer transition where 
appropriate 

Assist/allow transformation 

Drought: warming causing 
altered tree species 
composition 

Plant tree species that can survive future 
climate scenarios and assist migration 

Assist/allow transformation 

 

Table L‐3. Impacts and actions identified for the “Assist and Allow Transformation” strategy 

Impact  Action  Strategy 

Severe wildfire causing loss 
of spruce‐fir forests 

Forest management: Expand transformation 
to aspen at lower elevations, encourage 
aspen/mixed conifer transition where 
appropriate 

Assist/allow transformation 

Drought: warming causing 
altered tree species 
composition 

Plant tree species that can survive future 
climate scenarios and assist migration 

Assist/allow transformation 

	

	


