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See	Earth’s	Temperature	Spiral	Toward	2°C		
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Direct	Climate	Change	Effects	



50-Year	Changes	in	Flooding	in	the	Central	US	

Higher	Flood	Magnitude 	And	Especially	Flood	Frequency	

Mallakpour	and	Villarini	2015	



S. Long, Univ IL 

P. Aronsson tlirr.com 

Energy Law Wisconsin 

Indirect	Climate	Change	Effects	



Lark	et	al.	2015.	
Environmental		
Research	LeFers	

Grassland	Conversion	During	the	Ethanol	Boom	



A	Challenging	Region,	on	the	Land…	

Swaty	et	al.	2011	



USGS	

NOAA	

…Under	the	Land…	



Lock	&	Dam	#7	La	Crescent	MN;	
mvp.usace.army.mil	

Illinois	River	sediment;	
dnr.illinois.gov	

…And	in	the	Water	

Winchester	Dam,	Monroe,	
MI	



Adap3ng	to	a	Changing	Climate	



Aqua3c	Wildlife	Are	More	Vulnerable	
to	Climate	Change	



Na3ve	Plants	are	More	Vulnerable	
than	Non-Na3ve	Plants	

Baty	et	al.	2015.	INHS	Tech	Report	2015(32).	



Adapta3on	Strategies	
RESISTANCE 

to change RESILIENCE  
of current system 

TRANSFORMATION 
to new state 

Modified from Heller and Zavaleta 2009 

30-Year Trend 

Familiar Results,  
Difficult to Sustain 

Uncertain 
Results, 

More Sustainable 





Adapta3on	Strategies	
RESISTANCE 

to change RESILIENCE  
of current system 

TRANSFORMATION 
to new state 

Modified from Heller and Zavaleta 2009 

25-Year Trend 

Familiar Results,  
Difficult to Sustain 

Uncertain 
Results, 

More Sustainable 



Improving	Resilience	
•  Enhance	connecTvity,	
reduce	fragmentaTon	

•  Restore	natural	
processes	

•  Reduce	polluTon,	
invasive	species,	other	
stressors	

•  Increase	populaTon	
size	



Illinois	Fire	Needs	Assessment	
Survey	Respondents	 Water,	parks,	crops	 Degraded/	

Unburnable	
Burn-Worthy	 Burned	June	2014-	May	

2015	

1,049,573	acres	managed;	
25	organiza3ons	

256,379	acres	 210,533	acres	 582,661	acres	 50,789	acres	

100%	 24%	 20%	 56%	 5%	(9%	of	burn-worthy)	

•  We	need	to	burn	more	area		

•  With	higher	frequency	

•  Far	too	many	ecologically	degraded	
acres	cannot	recover	with	fire	alone	



Adapta3on	Strategies	
RESISTANCE 

to change RESILIENCE  
of current system 

TRANSFORMATION 
to new state 

Modified from Heller and Zavaleta 2009 

25-Year Trend 

Familiar Results,  
Difficult to Sustain 

Uncertain 
Results, 

More Sustainable 



Create	arenas	for	
evolu3on	not	
museums	of	the	past	



Conserving	Nature’s	Stage	

“Geodiversity….	drives	paNerns	
of	biodiversity.”	
	
—Mark	Anderson,	Director	of	ConservaTon		
Science,	Eastern	Division	

hFp://magazine.nature.org/features/grounded.xml	
June/July	2014	

Primary	Funder:			
Doris	Duke	Charitable	Founda3on	



A	Well-Established	Approach	

hFp://maps.tnc.org/resilientland/	

Theory	
Ecosystem	services	
Evidence	in	past	
Current	protecTon	
Surrogate	for	diversity	
Approaches	
Management	implicaTons	



Two	Main	Concepts	

1.	Geodiversity	
Conserve	examples	of	
different	physical	
environments	
	
2.	Climate-Resilient	Sites		
Focus	conservaTon	on	
natural	climate	strongholds	

	
Geodiversity	

	



Conserving Nature’s Stage 

Primary	Funder:			
Doris	Duke	Charitable	Founda3on	

Map	by	D.	Majka	2014	



Anderson	and	Ferree.	2010.	Plos	One	

•  La3tude	
•  Eleva3on	
•  Bedrock	

1.	Species	as	Actors	on	the	Geophysical	Stage	



Large	Scale	Factors	for	Stra3fica3on	
	
		

	Survey																																															Soil	Texture																																	Bedrock/Parent	Material											

	Glacial	Boundary																															Lake	Effect																																							Ecoregion		(EW,	NS)	





Conserving Nature’s Stage: Test Sites for  
Great Lakes 

Anderson et al. In progress 



Finger	Lakes:		NY																																																																			Landform	Types	

LIMESTONE	

SHALE	

2.	Resilient	Sites	are	Complex	and	Connected	=	
Many	Op3ons	



Going	from	points	to	a	
conTnuous	surface	

Local	Connectedness	



	Seengs	used	in	Eastern	Region							(log	scale)		

1  Completely	Natural				
							(wetlands,	forests,	shrub/scrub)	
	
	
	
	
	
	
	
	
8 	Low	Density	Developed	
9 	Medium	Density	Developed	
20 	High	Density	Developed	
	

Everything	else	somewhere	in	
between.		Hay/Pasture,	CulTvated	
Crops,	Water,	Industrial	Forests	

Low	Resistance	

High	Resistance	

CalibraTng	the	Resistance	Grid		



RK	=	0.06	

RK	=	0.32	 RK	=	0.48	

RK	=	0.017	 RK	=	0.02	

RK	=	0.80	RK	=	0.67	

RK	=	0.21	

																																																					Scores	range	0	to	1	
Based	on	Eastern	Values:	Mean	0.42	and	SD	0.25	for	the	region		

Examples	of	Local	Connectedness	Score	



Kankakee	Sands	

Kankakee	Sands	 Agriculture	
Resistance		
	
Less	than		>	
Development	

Equal	to		=		
Development	

Greater	than	>	
Development	



3.	Who	is	Using	the	Results?	
Doris	Duke	Charitable	Founda3on:	$37M	
$11M	in	land	capital	in	the	East	
$		6M	in	land	capital	in	the	Pacific	Northwest		
$20M	revolving	loan	fund	for	central	Appalachians	
	

LCCs	
ConservaTon	Design	&	
“Resilient	Network”	mulT-LCC	
		collaboraTon	
	

State	Agencies		
VT	DNR			BioFinder	
MA	DEP		Landscape	Partnership	Grant	
ME	NHP		Beginning	with	Habitat				
SC	DNR				Re-evaluate	state	landholdings	
Many 					State	Wildlife	AcTon	Plans	



2015	 2016	 2017	

Great	Plains	

Great	Lakes	

Synthesis/IntegraTon	

Central	US:	Timeline	&	Steps	

*	



  
	

ConservaTon	Biology		
Special	SecTon	
June	2015	hFp://www.nature.ly/TNCresilience		

	
How	to	Learn	More	

	





hFp://maps.tnc.org/resilientland/	



more	carbon	than	contained	in	remaining	oil	stocks	
	

double	the	carbon	currently	accumulated		in	atmosphere	

Earth's	vegeta3on	&	soils	currently	contain	the	
equivalent	of	~7,500	gigatons	of	CO2	

Source: Stern Review on the Economics of Climate Change 





Avoided	Conversion	

Chicago	
Wilderness:	
Avoided	
emission	of	53	
million	tons	of	
carbon	dioxide	
into	the	
atmosphere!	



Mi3ga3on	By	Biosequestra3on	
(Or		Photosynthesis	is	Our	Friend)	

Carbon	

Carbon	



Restored	Prairie	=		
~1	ton	CO2	equivalent/acre/yr	

	Car	Emissions	=	10.5	tons	CO2/yr	

Emissions	for	Household	Electricity	=	7.4	tons	CO2/yr	

Restora3on	



Enhancement	and	Rehabilita3on	
healthier	soils	and	larger	plants	store	more	carbon	



Surprising	Strategies…	
More	and	more	studies	
are	documenTng	how	
“good	fire”	increases	
long-term	
biosequestraTon	

No-Tll	farming	and	
managed	grazing	can	
minimize	loss	of	-	and	
even	rebuild	–	soil	organic	
maFer	


