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 Incorporating Future Conditions 

 Ecosystem:  IEI-climate 

Add sea level rise metric 

Add climate stressor metric 

Compute resiliency metrics 

(similarity, connectedness, 

aquatic connectedness) with 

future climate settings (gdd, 

tmin, heat35, wet, volume) 

Compute IEI-climate 



 Ecosystem: IEI-climate 

 Sea level rise metric 

from USGS (Lentz et al.)  



 Ecosystem: IEI-climate 

 Climate stressor metric 



 Ecosystem: IEI-climate 

 Climate stressor metric 



 Ecosystem: IEI-climate 

 Climate stressor metric 



 Ecosystem: IEI-climate 

 Climate stressor metric 



 Ecosystem: IEI-climate 

 Climate stressor metric 



 Ecosystem: IEI-climate 

 Climate stressor metric 



 Ecosystem: IEI-climate 

 Climate stressor metric 



 Ecosystem: IEI-climate 

 Climate stressor metric 



 Ecosystem: IEI-climate 

 Climate stressor metric 



 Ecosystem: IEI-climate 

 Climate stressor metric 



 Ecosystem: IEI-climate 

 Ecological integrity models 
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Alpine 0.0 0.0 5.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 5.4 0.0 0.0 0.0 7.1 7.1 0.0 25.0 50.0 

Boreal Upland Forest - low 
elevation 

4.5 0.0 4.5 0.0 2.3 0.0 0.0 0.0 2.3 4.5 4.5 4.5 0.0 0.0 6.8 11.3 0.0 5.0 50.0 

Boreal Upland Forest - high 
elevation 

3.5 0.0 3.5 0.0 1.8 0.0 0.0 0.0 1.8 3.5 3.5 3.5 0.0 0.0 5.3 8.8 0.0 15.0 50.0 

Northeastern Upland Forest 4.5 0.0 4.5 0.0 2.3 0.0 0.0 0.0 2.3 4.5 4.5 4.5 0.0 0.0 6.8 11.3 0.0 5.0 50.0 

Northeastern Wetland Forest 4.4 2.2 4.4 2.2 2.2 2.2 2.2 2.2 0.0 2.2 4.4 2.2 0.0 0.0 4.4 8.9 1.0 5.0 50.0 

Headwater Creeks 2.6 5.3 2.6 2.6 2.6 0.0 2.6 2.6 0.0 2.6 0.0 0.0 5.3 7.9 0.0 5.3 7.9 0.0 50.0 

Lake 2.6 10.6 2.6 2.6 0.0 2.6 2.6 5.3 0.0 2.6 0.0 0.0 2.6 0.0 5.3 5.3 5.3 0.0 50.0 

Estuarine Intertidal 9.2 0.0 2.7 1.0 0.0 0.0 0.0 0.0 1.8 3.1 0.0 0.0 0.0 0.0 12.7 14.5 0.0 5.0 50.0 

*Example ecological formations 



 Ecosystem: IEI-climate 

 Example 1 



 Ecosystem: IEI-climate 

 Example 1 



 Ecosystem: IEI-climate 

 Example 2 



 Ecosystem: IEI-climate 

 Example 2 



 Ecosystem: terrestrial core area selection index 

 Example 1 



 Ecosystem: terrestrial core area selection index 

 Example 1 



 Incorporating Future Conditions 

 Species:  Climate persistence 

Use climate persistence 

metric (average of  

current LC and future 

LC-climate) 

Use brook trout 

equivalent (average of  

current and future 

prob(occur)) 



 Incorporating Future Conditions 

 Terrestrial core areas 



 LCD Package:  Documentation 



 Terrestrial data layers 

 LCD Package 

 Terrestrial core-connector network (tCoreNet) 

 Species landscape capability (clPers80 except for black bear [lc]) 

 Terrestrial ecosystem-based core area selection index (tCoreSel) 

 USGS stream temperature sensitivity (riseSlopeHuc6) 

 Weighted Index of  Ecological Integrity (ieiGhuc6) 

 TNC terrestrial resiliency (resilHuc6) 

 Regional conductance (rConduct) 

 Probability of  development (pDev2080) 

 Regional vulnerability of  connectivity (rVulnerable) 

 Local conductance (lConduct) 

 Local vulnerability of  conductance (lVulnerable) 

 Terrestrial road passage structure impacts (passages) 



 Terrestrial data layers 

 LCD Package:  Organization 

Terrestrial core-
connector network 

(tCoreNet) 

Terrestrial ecosystem-
based core area selection 

index (tCoreSel) 

Weighted IEI 
(ieiGhuc6) TNC terrestrial 

resiliency (resilHuc6) 

USGS stream temperature 
sensitivity* 

(riseSlopeHuc6) 

TNC tier 1 
floodplains† 

S1-S3 rare 
communities† 

Species landscape 
capability (x14) 

(clPers80) 

Local conductance 
(lConduct) 

Local vulnerability 
(lVulnerable) 

Probability of 
development 
(pDev2080) 

Regional 
conductance‡ 

(rConduct) 
Regional 

vulnerability‡ 
(rVulnerable) 

Terrestrial road 
passage structures 

(passages) 

*Headwater creek cells only 

‡Core area dependent 

†Layer not 
provided 



 Terrestrial core-connector network 

 LCD Package:  Use and Interpretation 

tCoreNet 

 Starting point for regional 

conservation network to be 

used with other sources of  

information 

Not the only places of  high 

ecological value within the 

landscape 

Boundaries are “fuzzy” 



 Terrestrial core-connector network (tCoreNet) 

 LCD Package:  Use and Interpretation 



 LCD Package:  Use and Interpretation 

systemName 
 area       

Count   areaHa  index1 
index1

Rank index2 
index2

Rank index3 
index3

Rank index4 
index4

Rank 

Pond      1,373         123.6  4.21 69 1.50 99 5.72 1 0.061 119 

Appalachian (Hemlock)-Northern Hardwood Forest   73,444     6,610.0  3.08 107 71.16 171 4.18 1 0.021 27 

Northeastern Coastal and Interior Pine-Oak Forest     1,034           93.1  2.82 50 0.93 53 3.83 8 0.016 19 

Laurentian-Acadian Freshwater Marsh      1,153        103.8  2.31 137 1.20 163 3.13 2 0.015 133 

Laurentian-Acadian Pine-Hemlock-Hardwood Forest    18,315     1,648.4  2.02 229 17.84 263 2.75 2 0.025 23 

Central Appalachian Pine-Oak Rocky Woodland        605          54.5  1.84 156 0.58 167 2.50 3 0.013 81 

Stream (headwater/creek) cold moderate        558          50.2  1.63 197 0.48 246 2.22 8 0.015 230 

Stream (headwater/creek) cold low        245           22.1  1.61 213 0.20 243 2.18 6 0.013 221 

Laurentian-Acadian Wet Meadow-Shrub Swamp      1,356        122.0  1.58 220 1.45 257 2.14 7 0.021 156 

Lake        858          77.2  1.34 91 0.93 98 1.81 14 0.048 4 

Stream (headwater/creek) cool high        146           13.1  1.24 168 0.09 177 1.68 12 -0.041 150 

Ruderal Shrub Swamp           13             1.2  1.23 58 0.02 58 1.67 21 0.152 8 

Stream (headwater/creek) cool moderate          50            4.5  1.19 162 0.05 165 1.61 6 0.068 55 

Stream (headwater/creek) cold high     1,682         151.4  0.91 284 1.40 355 1.24 14 -0.001 244 

North-Central Appalachian Acidic Swamp     1,064          95.8  0.83 278 1.05 291 1.12 19 0.015 131 

Shrubland & grassland (NLCD 52/71)         211          19.0  0.76 193 0.17 196 1.03 29 -0.015 127 

Northern Appalachian-Acadian Conifer-Hardwood Acidic 
Swamp        558          50.2  0.43 193 0.56 202 0.59 25 0.026 55 

Stream (headwater/creek) cool low          29            2.6  0.40 207 0.03 208 0.54 59 0.059 69 

Central Appalachian Dry Oak-Pine Forest         316          28.4  0.31 249 0.28 257 0.42 68 -0.007 161 

North-Central Interior and Appalachian Acidic Peatland           14             1.3  0.22 21 0.00 21 0.30 20 -0.164 20 

Acidic Cliff and Talus          67            6.0  0.19 206 0.08 212 0.26 79 0.064 17 

Boreal-Laurentian-Acadian Acidic Basin Fen            8            0.7  0.03 85 0.01 85 0.04 70 -0.001 51 

 Terrestrial core-connector network (tCoreNet) 

Ecosystem composition indices 



 LCD Package:  Use and Interpretation 

 Terrestrial core-connector network (tCoreNet) 
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Appalachian 
(Hemlock)-
Northern 
Hardwood Forest 

73,444  6,610.0  3.08 107 71.16 171 4.18 1 0.021 27 

Northeastern 
Coastal and 
Interior Pine-Oak 
Forest 

1,034  93.1  2.82 50 0.93 53 3.83 8 0.016 19 

Laurentian-
Acadian 
Freshwater Marsh 

1,153  103.8  2.31 137 1.20 163 3.13 2 0.015 133 

 Index 1= deviation from expected (>1 is good) 



 LCD Package:  Use and Interpretation 

 Terrestrial core-connector network (tCoreNet) 
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Appalachian 
(Hemlock)-
Northern 
Hardwood Forest 

73,444  6,610.0  3.08 107 71.16 171 4.18 1 0.021 27 

Northeastern 
Coastal and 
Interior Pine-Oak 
Forest 

1,034  93.1  2.82 50 0.93 53 3.83 8 0.016 19 

Laurentian-
Acadian 
Freshwater Marsh 

1,153  103.8  2.31 137 1.20 163 3.13 2 0.015 133 

 Index 2 = % of  focal core selection index 



 LCD Package:  Use and Interpretation 

 Terrestrial core-connector network (tCoreNet) 
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Appalachian 
(Hemlock)-
Northern 
Hardwood Forest 

73,444  6,610.0  3.08 107 71.16 171 4.18 1 0.021 27 

Northeastern 
Coastal and 
Interior Pine-Oak 
Forest 

1,034  93.1  2.82 50 0.93 53 3.83 8 0.016 19 

Laurentian-
Acadian 
Freshwater Marsh 

1,153  103.8  2.31 137 1.20 163 3.13 2 0.015 133 

 Index 3 = % of  total core area selection index in focal core 



 LCD Package:  Use and Interpretation 

 Terrestrial core-connector network (tCoreNet) 
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Appalachian 
(Hemlock)-
Northern 
Hardwood Forest 

73,444  6,610.0  3.08 107 71.16 171 4.18 1 0.021 27 

Northeastern 
Coastal and 
Interior Pine-Oak 
Forest 

1,034  93.1  2.82 50 0.93 53 3.83 8 0.016 19 

Laurentian-
Acadian 
Freshwater Marsh 

1,153  103.8  2.31 137 1.20 163 3.13 2 0.015 133 

 Index 4 = difference between average selection index in focal core 

and across all cores (+ is better than average) 



 LCD Package:  Use and Interpretation 

 Terrestrial core-connector network (tCoreNet) 

 Species composition indices 

speciesName sumLC index1 
Index1 

Rank index2 
Index2 

Rank index3 
Index3 

Rank index4 
Index4 

Rank 

Wood duck 93 1.46 217 0.07 332 2.00 7 0.00 217 

Wood thrush 44591 1.39 226 34.54 249 1.90 6 0.12 226 

Louisiana waterthrush 152 1.19 283 0.12 402 1.63 3 0.00 283 

Marsh wren 98 1.06 199 0.08 249 1.45 12 0.00 199 

Black bear 57119 0.98 310 44.24 620 1.34 10 -0.01 310 

Moose 15061 0.68 363 11.67 451 0.93 18 -0.07 363 

Ruffed grouse 7797 0.55 472 6.04 602 0.76 22 -0.06 472 

Wood turtle 254 0.52 403 0.20 433 0.72 20 0.00 403 

American woodcock 1726 0.44 559 1.34 747 0.60 27 -0.02 559 

Blackburnian warbler 2124 0.41 460 1.65 525 0.56 29 -0.03 460 

Prairie warbler 1 0.33 306 0.00 370 0.45 33 0.00 306 

Northern waterthrush 89 0.15 448 0.07 542 0.20 46 -0.01 448 

Eastern meadowlark 2 0.01 512 0.00 521 0.02 234 0.00 512 



 Terrestrial eco core area sel index (tCorSel) 

 LCD Package:  Use and Interpretation 

tCoreSel 

 Integration of  IEI, TNC 

resiliency, stream 

temperature sensitivity, tier 

1 floodplains and rare 

communities 

 Scaled  by HUC6 

 Seamless and continuous 

valuation of  ecological 

value (inside and outside 

cores) 



 Weighted IEI (ieiGhuc6) 

 LCD Package:  Use and Interpretation 

ieiGhuc6 

Composite of  multiple 

measures of  intactness and 

short-term resiliency 

Weighted ecological 

systems 

 Scaled  by ecological system 

and HUC6 

 Seamless and continuous 

valuation of  ecological 

value (inside and outside 

cores) 



 Weighted IEI (ieiGhuc6) 

 LCD Package:  Use and Interpretation 

ieiGhuc6 

Composite of  multiple 

measures of  intactness and 

short-term resiliency 

Weighted ecological 

systems 

 Scaled  by ecological system 

and HUC6 

 Seamless and continuous 

valuation of  ecological 

value (inside and outside 

cores) 



 TNC terrestrial resiliency (resilHuc6) 

 LCD Package:  Use and Interpretation 

resilHuc6 

Composite of  a few 

measures of  long-term 

resiliency 

 Scaled  by geophysical class 

and HUC6 

 Seamless and continuous 

valuation of  ecological 

value (inside and outside 

cores) 



 TNC terrestrial resiliency (resilHuc6) 

 LCD Package:  Use and Interpretation 

resilHuc6 

Composite of  a few 

measures of  long-term 

resiliency 

 Scaled  by geophysical class 

and HUC6 

 Seamless and continuous 

valuation of  ecological 

value (inside and outside 

cores) 



 Climate persistence (clPers80) 

 LCD Package:  Use and Interpretation 

clPers80 

Average of  LC and LC-

climate 2080 

Distribution of  values 

varies among species 

Not comparable across 

species 

 Seamless and continuous 

valuation of  ecological 

value (inside and outside 

cores) 



 Terrestrial data layers 

 LCD Package:  Organization 

Terrestrial core-
connector network 

(tCoreNet) 

Terrestrial ecosystem-
based core area selection 

index (tCoreSel) 

Weighted IEI 
(ieiGhuc6) TNC terrestrial 

resiliency (resilHuc6) 

USGS stream temperature 
sensitivity* 

(riseSlopeHuc6) 

TNC tier 1 
floodplains† 

S1-S3 rare 
communities† 

Species landscape 
capability (x14) 

(clPers80) 

Local conductance 
(lConduct) 

Local vulnerability 
(lVulnerable) 

Probability of 
development 
(pDev2080) 

Regional 
conductance‡ 

(rConduct) 
Regional 

vulnerability‡ 
(rVulnerable) 

Terrestrial road 
passage structures 

(passages) 

*Headwater creek cells only 

‡Core area dependent 

†Layer not 
provided 



 Regional conductance (rConduct) 

 LCD Package:  Use and Interpretation 

rConduct 

Relative magnitude of  

ecological flow between 

terrestrial cores (up to 10 

km) 

Dependent on designated 

cores 

Not focal species based 



 Regional conductance (rConduct) 

 LCD Package:  Use and Interpretation 

rConduct 

Relative magnitude of  

ecological flow between 

terrestrial cores (up to 10 

km) 

Dependent on designated 

cores 

Not focal species based 

Best used to assess 

connectivity between cores 



 Probability of development (pDev2080) 

 LCD Package:  Use and Interpretation 

pDev2080 

 Integrated probability of  

development between 

2010-2080 

 Independent of  designated 

cores 

 Strong road proximity bias 

Best interpreted as relative 

probability 



 Regional vulnerability (rVulnerable) 

 LCD Package:  Use and Interpretation 

rVulnerable 

Relative likelihood of  

development occurring in 

places that confer 

connectivity between cores 

Dependent on designated 

cores 

Best interpreted as relative 

vulnerability of  

connectivity between cores 



 Local conductance (lConduct) 

 LCD Package:  Use and Interpretation 

lConduct 

Relative magnitude of  

ecological flow through a 

cell at the scale of  one to a 

few 10 km 

 Independent of  designated 

cores 

Not focal species based 

Best used to assess 

connectivity within cores 



 Local vulnerability (lVulnerable) 

 LCD Package:  Use and Interpretation 

lVulnerable 

Relative likelihood of  

development occurring in 

places that confer local 

connectivity 

 Independent of  designated 

cores 

Best interpreted as relative 

vulnerability of  

connectivity within cores 



 Combined vulnerability 

 LCD Package:  Use and Interpretation 

Vulnerability 

Use lVulnerable within 

cores 

Use rVulnerable between 

cores 



 Terrestrial road passage structures (passages) 

 LCD Package:  Use and Interpretation 

passages 



 Aquatic data layers 

 LCD Package 

 Lotic (river and stream) cores (loticCores) 

 Lentic (lake and pond) cores (lenticCores) 

 Brook trout selection index (bTrout) 

 Anadromous fish selection index (anadromous) 

 Aquatic ecosystem-based core area selection index (aCoreSel) 

 USGS stream temperature sensitivity (riseSlopeHuc6) 

 Weighted Index of  Ecological Integrity (ieiGhuc6) 

 Aquatic buffers (aqBuffers) 

 Dam removal impacts (dams)  

 Culvert upgrade impacts (culverts) 



Lotic cores 
(loticCores) 

Aquatic ecosystem-
based core area selection 

index (aCoreSel) 

IEI (ieiGhuc6) 
USGS stream temperature 

sensitivity* (riseSlopeHuc6) 

Brook trout 
selection index* 

(bTrout) 

Aquatic buffers† 
(aqBuffers) 

Dam removal 
impacts (dams) 

*Headwater creek cells only 

†Core area dependent 

Anadromous fish 
selection index 
(anadromous) 

Lentic cores 
(lenticCores) 

Culvert upgrade 
impacts (culverts) 

 Aquatic data layers 

 LCD Package 



Aquatic cores 

 Aquatic cores (loticCores and lenticCores) 

 LCD Package:  Use and Interpretation 

 Starting point for regional 

conservation network to be 

used with other sources of  

information 

Not the only places of  high 

ecological value within the 

aquascape 

Boundaries are “fuzzy” 



 Aquatic cores (loticCores and lenticCores) 

 LCD Package:  Use and Interpretation 

loticCores 



Ecosystem composition indices 

 Aquatic cores (loticCores and lenticCores) 

 LCD Package:  Use and Interpretation 

systemName le
n

g
th

K
m

 

in
d

e
x

1
 

in
d

e
x

1
R

a
n

k
 

in
d

e
x

2
 

in
d

e
x

2
R

a
n

k
 

in
d

e
x

3
 

in
d

e
x

3
R

a
n

k
 

in
d

e
x

4
 

in
d

e
x

4
R

a
n

k
 

Stream (headwater/creek) cold 
moderate 

2.58 2.39 63 19.48 85 0.40 59 0.03 129 

Stream (headwater/creek) cold low 0.63 1.39 114 3.07 124 0.23 112 -0.02 169 

Stream (headwater/creek) cold high 6.30 0.96 302 42.53 280 0.16 141 0.01 174 

Stream (headwater/creek) cool low 0.06 0.00 119 0.00 530 0.00 530 -0.16 119 

Lake 0.81 NA NA NA NA NA NA NA NA 

Laurentian-Acadian Freshwater Marsh 0.63 NA NA NA NA NA NA NA NA 

Laurentian-Acadian Wet Meadow-
Shrub Swamp 

1.41 NA NA NA NA NA NA NA NA 

North-Central Appalachian Acidic 
Swamp 

0.90 NA NA NA NA NA NA NA NA 

Pond 0.96 NA NA NA NA NA NA NA NA 



aCoreSel 

 Aquatic eco core selection index (aCoreSel) 

 LCD Package:  Use and Interpretation 

 Integration of  IEI and 

stream temperature 

sensitivity index (headwater 

creeks only) 

 Scaled  by HUC6 

 Seamless and continuous 

valuation of  ecological 

value (inside and outside 

cores) 



ieiGhuc6 

 Aquatic IEI (ieiGhuc6) 

 LCD Package:  Use and Interpretation 

Composite of  multiple 

measures of  intactness and 

short-term resiliency 

Unweighted ecological 

systems 

 Scaled  by ecological system 

and HUC6 

 Seamless and continuous 

valuation of  ecological 

value (inside and outside 

cores) 



riseSlopeHuc6 

 Stream temperature sensitivity (riseSlopeHuc6) 

 LCD Package:  Use and Interpretation 

 Index of  stream 

temperature sensitivity (for 

headwater creeks only) 

 Scaled  by ecological system 

and HUC6 

 Seamless and continuous 

valuation of  ecological 

value (inside and outside 

cores) 



bTrout 

  Brook trout prob occupancy (bTrout) 

 LCD Package:  Use and Interpretation 

 Probability of  occurrence 

(averaged between 2010 

and 2080 climate) from 

USGS Letcher 

Analogous to clPers80 

Headwater creeks only 

 Seamless and continuous 

valuation of  ecological 

value (inside and outside 

cores) 



anadromous 

 Anadromous fish (anadromous) 

 LCD Package:  Use and Interpretation 

Occurrence of  5 species of  

anadromous fish: American 

shad, blueback herring, 

shortnose sturgeon, 

alewife, and sea lamprey 

Mainstem and major 

tributaries 

All designated as lotic core 



anadromous 

 Anadromous fish (anadromous) 

 LCD Package:  Use and Interpretation 

 Free flowing vs impounded 

sections 



Lotic cores 
(loticCores) 

Aquatic ecosystem-
based core area selection 

index (aCoreSel) 

IEI (ieiGhuc6) 
USGS stream temperature 

sensitivity* (riseSlopeHuc6) 

Brook trout 
selection index* 

(bTrout) 

Aquatic buffers† 
(aqBuffers) 

Dam removal 
impacts (dams) 

*Headwater creek cells only 

†Core area dependent 

Anadromous fish 
selection index 
(anadromous) 

Lentic cores 
(lenticCores) 

Culvert upgrade 
impacts (culverts) 

 Aquatic data layers 

 LCD Package 



aqBuffers 

 Aquatic buffers (aqBuffers) 

 LCD Package:  Use and Interpretation 

Graduated zone of  

influence upstream and 

upslope of  aquatic cores 

Based on a time-of-flow 

model 



aqBuffers 

 Aquatic buffers (aqBuffers) 

 LCD Package:  Use and Interpretation 

Tiered zones of  influence 

my facilitate use 

Thresholds for tiers are 

arbitrary 



aqBuffers 

 Aquatic buffers (aqBuffers) 

 LCD Package:  Use and Interpretation 

Tiered zones of  influence 

my facilitate use 

Thresholds for tiers are 

arbitrary 



dams and culverts 

 Dams and culverts (dams/culverts) 

 LCD Package:  Use and Interpretation 


